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I .—The Action of Hydrogen Sulphide on a Neutral 
Solution of Potassium Permanganate. 

By Horace Barbatt Dunnicliff and Stjkh Dayal Nuhawan. 

When a slow current of hydrogen sulphide is passed through a 
1% solution of potassium permanganate, the purple solution 
becomes brown and a white deposit of sulphur appears round the 
delivery tube. After a short time, a greyish-brown solid separates 
without appreciable rise in temperature; this slowly changes first 
to a yellow mixture of hydrated manganese dioxide, manganese 
sulphide, and sulphur and finally to a pink precipitate of manganese 
sulphide containing much sulphur, the temperature rising rather 
more than 10°. 

The course of the reaction was investigated in stages. 

When a solution of potassium permanganate was shaken with 
hydrogen sulphide solution, a brownish-black precipitate of hydrated 
manganese dioxide and sulphur formed immediately; the faintly 
alkaline filtrate contained unchanged permanganate. The preci¬ 
pitate was well washed by decantation with air-free water, and the 
manganese dioxide in it was estimated by determining the amount 
of chlorine it liberated from hydrochloric acid. The liquid left 
over from this estimation was treated with sodium carbonate, and 
the total manganese weighed as Mn 3 0 4 . Three estimations gave 
values of 1: 3*8, 1:3-1, and 1:2-7 for the molecular ratio 
MnO: MnO a , showing that the manganese is only partly preci¬ 
pitated as hydrated dioxide. , # 

Through solutions of potassium permanganate of various con¬ 
centrations hydrogen sulphide was passed until the whole of the 
manganese was converted into sulphide. The precipitate was 
filtered off, and the manganese present in it as sulphide was estimated 
by two methods: (1) The sulphide was extracted with dilute hydro¬ 
chloric acid, the solution filtered, and the manganese precipitated 
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as carbonate and weighed as Mn 3 0 4 . Recovery = 99*8% of theory, 
(2) The sulphide containing free sulphur was ignited and so con¬ 
verted into Mn 3 0 4 . Recovery = 99*9% of theory. 

The yellow filtrate, which contained colloidal sulphur and was 
faintly alkaline to phenolphthalein, was freed from hydrogen 
sulphide by shaking under reduced pressure, and kept in a vacuum 
desiccator. The sulphur deposited was filtered off and the liquor, 
now colourless, was left in a vacuum desiccator over a dehydrating 
agent for some days. Needle-shaped crystals of potassium thio¬ 
sulphate and rhombic crystals of potassium sulphate grew in it 
as it became concentrated. The filtrate did not contain poly- 
thionates, sulphide, or sulphite. To test for polythionates, the 
filtrate was examined qualitatively by the tests given by Takamatsu 
and Smith (J., 1880, 37, 592), Bassett and Durrant (J., 1923, 123, 
1279), Gutmann (Ber., 1905, 38, 3277; 1907, 40, 3614), Sander 
(Z. angew. Chem ., 1915, 28, 9; 1916, 29, 11,16), and Riesenfeld and 
Feld ( Z . anorg. Chem., 1921, 119, 225) in comparison with control 
thionate solutions of known concentrations. 

It was shown that hydrogen sulphide has no action on thio¬ 
sulphates by passing the gas through standard solutions of sodium 
thiosulphate at various temperatures; the excess was removed 
under diminished pressure, and the solutions were titrated against 
iodine solution. The absence of colloidal sulphur was demonstrated 
by negative results on the addition of electrolytes and with the 
cataphoresis test. 

Estimation of the Compounds produced at Various Stages in the Action 
of Hydrogen Sulphide on Potassium Permanganate . 

In all cases, the excess of hydrogen sulphide was removed by 
means of a suction pump or by the addition of lead carbonate* 

(1) Estimation of the Products of the Complete Reaction .—The 
manganese is quantitatively precipitated as sulphide (see above). 

The sulphate in the filtrate was estimated as barium sulphate, 
the precautions advised by Taylor (J. Soc. Chem . Ind. 9 1923, 42, 
294t) being taken but acetic acid being used instead of hydrochloric 
acid as suggested by Mtiller (Bull. Soc. chim 1916, 19, 8) when 
sulphates are being estimated in presence of thiosulphates. The 
thiosulphate in the filtrate was estimated iodometrically, the solution 
being first acidified with acetic acid (Muller, be. cit.). The mean 
of several results gave 6TS6% of potassium recovered as potassium 
sulphate and 38-16% as potassium thiosulphate. The sum of these 
values, 100-02, shows that the whole of the potassium is eventually 
recovered in these two forms. Practically the same values were 
obtained from experiments at temperatures ranging from —3° to 
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+76°. The values approximate to three molecules of potassium 
sulphate to two of potassium thiosulphate, and the result, when the 
reaction is complete, can be summed up in the equation 

10EMnO 4 +22H 2 S==3K 2 SO 4 +2K 2 S 2 O 3 +10MnS+22H 2 O+5S. 

At the end of the reaction the solution is alkaline and, if it is not 
acidified before the titration with iodine, the values for the thio¬ 
sulphate are always high, Control experiments showed that the 
lead carbonate used to remove the excess of hydrogen sulphide from 
the solution has no action on the thiosulphate. The thiosulphate 
found in a solution (4*170 g. per litre) which had been treated with 
hydrogen sulphide, shaken with lead carbonate, filtered, and then 
titrated against iodine was 4*164; 4*167; 4*170; and 4*165 g. 
per litre. 

(2) Investigation of the Mechanism of the Reaction by a Study of Two 
Intermediate Stages .—Hydrogen sulphide was passed through the 
solution until the hydrated manganese dioxide was converted into a 
dirty yellow, granular mass. The values then found for potassium 
recovered as sulphate and as thiosulphate were 59*61, 58*54% and 
34*32, 32*45%, respectively, of the total potassium. Since the sum 
of these values (93*93, 90*99) does not account for all the potassium 
present, it appears that some other sulphur compound of potassium 
is first formed which is subsequently decomposed by hydrogen 
sulphide into potassium sulphate and thiosulphate; the average 
final values for potassium recovered as sulphate and as thiosulphate 
were 61*66% and 38*27%, respectively (sum, 99*93). This 
compound may be one (or more) of the polythionates, for penta-, 
tetra*, and tri-thionates are known to be thus decomposed by 
hydrogen sulphide (Debus, J., 1888, 53, 328) and the authors have 
shown that dithionates slowly undergo a similar change in presence 
of this gas. * 

Identification of the Compounds formed in Solution when the Manganese 
is precipitated as Hydrated Manganese Dioxide . 

A solution of potassium permanganate was shaken with successive 
small quantities of half-saturated aqueous hydrogen sulphide until 
the brown colour just disappeared, (When this was done carefully 
with standard solutions, it was not possible to obtain a definite 
end-point.) The filtered liquid, which was faintly alkaline, con¬ 
tained sulphate, thiosulphate, and dithionate, but no sulphide, 
sulphite, penta-, tetra-, tri-thionate, colloidal sulphur or manganese. 
In view of the difficulty of testing for thionates in presence of one 
another, the tests given (p. 2) were performed both on the filtrate 
and on control solutions of thionates of known concentrations. 

B 2 



4 


DTOKICLITF AND NIJHAWAN : THE ACTION OE 

The distinction between thiosulphate, dithionate, and trithionate 
was made as follows : The solution decolorised iodine solution and 
gave a black precipitate with silver nitrate. (The solution gave no 
precipitate when warmed with hydrochloric acid. This was due to 
the low concentration of the thiosulphate.) Dilute aqueous 
potassium permanganate added to the solution was first bleached 
(thiosulphate), then a blood-red coloration developed, and brown 
hydrated manganese dioxide was slowly precipitated. This 
suggested the presence of tri- or di-thionate. The filtrate from the 
precipitation of the sulphate by barium chloride was warmed with 
dilute hydrochloric acid; sulphur dioxide was detected, but sulphur 
was not deposited. Sulphate was detected in the solution (distinction 
from thiosulphate). Trithionates give sulphur dioxide, sulphate, 
and sulphur. Dithionates give sulphur dioxide and sulphate only. 
In dilute solutions the sulphur may not be precipitated. Mercuric 
chloride gives a yellow precipitate with trithionates, but does not 
react with dithionates. With this reagent, the filtrate gave a white 
turbidity. This is given by thiosulphates in very dilute solution. 
This suggests the absence of trithionates and the presence of thio¬ 
sulphate. Ammoniacal silver nitrate had no action on the filtrate. 
A trithionate would have given a brown coloration. 

Action of Hydrogen Sulphide on Hydrated Manganese Dioxide. 

The blackish-brown precipitate of hydrated manganese dioxide 
obtained by the action of dilute aqueous sodium hypochlorite on a 
solution of manganous chloride, after being thoroughly washed with 
water, was free from alkali, chloride, and hypochlorite. It was 
suspended in water, through which scrubbed hydrogen sulphide was 
then bubbled for some time. A large proportion of the dioxide was 
converted into manganese sulphide contaminated with sulphur, and 
the solution, which was neutral to phenolphthalein, contained 
manganese as sulphate and thiosulphate. Ordinary dry A.R, 
manganese dioxide, when suspended in water and treated with 
hydrogen sulphide, gave the same results, and so also did hydrated 
manganese dioxide formed by the action of hydrogen sulphide on 
potassium permanganate and washed free from sulphate and thio¬ 
sulphate and until the washings gave no indication of alkalinity with 
phenolphthalein. The presence of dithionate was not definitely 
proved, but independent experiments showed that manganese 
dithionate is decomposed by hydrogen sulphide into the sulphate 
and thiosulphate. 

If neutral potassium sulphate was added to the water in which the 
hydrated manganese dioxide was suspended, the solution, in which 
manganese could not be detected, became alkaline to phenol- 
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phthalein and, when hydrogen sulphide was passed into it, the 
manganese was completely converted into manganous sulphide. 
The alkalinity was probably due to the adsorption of sulphate ions 
of the potassium sulphate. This would also account for the alkalinity 
of the solution in the reaction under investigation. 

Quantitative Estimation of Intermediate Products in the Filtrate . 

A dilute solution of potassium permanganate was treated with 
half-saturated aqueous hydrogen sulphide in the way described on 
p. 3, the precipitate was well washed, and the washings and the 
filtrate were made up to a definite volume. Care was taken that 
the solution contained no free hydrogen sulphide. In aliquot 
portions, the sulphate and thiosulphate were estimated as described 
on p. 2, and the dithionate by Szentpaly-Peyfuss’s method (Z. anorg, 
Chem ., 1924,131, 203). 


Table I. 


Estimation of Sulphate, Thiosulphate , and Dithionate in the Filtrate. 


Percentage of the potassium recovered as 
sulphate thiosulphate dithionate. 


Total 

recovered. 


69*70 (79-72) 4-84 (19*98) 26*06 

79*87 (83*67) 10-27 (16*98) 9*61 

68-08 (78-82) 4-65 (20-76) 26*84 


99-60 

99*66 

99-67 


The potassium is quantitatively accounted for as sulphate, thio¬ 
sulphate, and dithionate, but the results show variations in the 
proportions in which the components are present. If it is assumed 
that the dithionate decomposes quantitatively into sulphate and 
thiosulphate, the values given in brackets would be obtained for 
potassium as sulphate and thiosulphate. 

The results can be reconciled with the average values of 61*66 
and 38*27% found for the potassium recovered as sulphate and 
thiosulphate, respectively, in the completed reaction (p. 3) as 
follows. When a large excess of hydrogen sulphide is passed, air 
is practically excluded from the reaction. Possibly, also, any 
oxidising action of the hydrated manganese dioxide is confined to 
the hydrogen sulphide, because dithionates are not oxidised by 
manganese dioxide. It is suggested, therefore, that the first 
products of the reaction are potassium sulphate, potassium dithio¬ 
nate, hydrated manganese dioxide, and sulphur; all attempts to 
stop the action at this stage, however, have failed. The stoicheio- 
metric proportions in which the potassium sulphate and thiosulphate 
are found at the end of the reaction preclude the possibility of potass¬ 
ium dithionate being the only potassium salt first formed* TChe 
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second stage of the action may be represented by the equations 

5K a S 2 O 6 +13H 2 S^3K 2 S 2 O 3 +2K 2 S0 4 +13H 2 O+15S ... (1) 

ccMn0 2 ,yI^0,2JH20+(2^+^)H 2 S^(a;+^)MnS+(2a;+2/+2j)H20+a;S, 

and hence the final result is potassium sulphate and thiosulphate in 
solution and a precipitate of manganous sulphide and sulphur. 
When the dilute solution is shaken with hydrogen sulphide, air 
dissolves freely and a part of the dithionate is directly oxidised to 
sulphate at the expense of the thiosulphate which would otherwise 
have been formed from the dithionate in the presence of excess of 
hydrogen sulphide. Excess of hydrogen sulphide thus does the 
double duty of reducing the dithionate to sulphate and thiosulphate 
and protecting it from oxidation by dissolved air. In support of 
this argument, attention is directed to the results on p. 3. These 
represent a stage intermediate between those for the final values 
(E^S0 4 , 61*66% ; K 2 S 2 0 3 , 38*27%) and those given in Table I, 
i.e., a stage in which the “protecting ” action of the hydrogen 
sulphide has been fully exerted but in which its reducing action has 
been stopped before completing its work. Assuming the decom¬ 
position of the dithionate into sulphate and thiosulphate in the 
sense of equation (1), the values on p. 3, calculated for the final 
product, become 59*61 + (0*4 x 6*07) = 62*04 and 58*54 + (0*4 X 
9-01) = 62*14 for the percentage of potassium present in solution 
as sulphate and 34*32 + (0*6 X 6*07) = 37*96 and 32*45 + (0*6 X 
9*01) === 37*86 for the percentage of potassium present as thio¬ 
sulphate. 

These results support the argument that the hydrogen sulphide 
has a protecting and reducing action, since, in the completed 
reaction, it was used in excess of that required for the first stage 
and air could have taken little or no part in the reaction. 

Summary . 

The first products of the reaction between hydrogen sulphide and 
potassium permanganate in dilute solution appear to be colloidal 
hydrated manganese dioxide, which quickly coagulates to a 
gelatinous precipitate; sulphur; and potassium sulphate and 
potassium dithionate in solution. 

When excess of hydrogen sulphide is passed through the solution, 
the hydrated manganese dioxide is converted into manganous 
sulphide with the separation of sulphur. The manganous sulphide 
is first formed as a colloid, which quickly coagulates to pink 
manganous sulphide. Excess of hydrogen sulphide decomposes 
the potassium dithionate into potassium sulphate and thiosulphate 
with the simultaneous formation of sulphur. A portion of the 
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sulphur is precipitated; the rest is in colloidal solution and is 
completely precipitated on standing. 

The solution is alkaline throughout. This is probably due to the 
adsorption of the anions of the potassium salts by the hydrated 
manganese dioxide or manganous sulphide. 

Govbbnment College, Lahore, Punjab, 

India. [Received, June 26«7i, 1925.] 


II .—Preparation of l-Halogeno-2-nitronaphthalenes 
and 2-Nitronaphthalene . 

By Herbert Henry Hodgson and Ernest Kilner. 

2-Nitro-I-naphthylamine is readily obtained from 2-nitro- 

1- naphthol, which is itself best prepared by the oxidation of 

2- nitroso-l-naphthol (Hodgson and Kilner, J., 1924, 125, 807). 
Eor the preparation of large quantities of 4-nitro-1 -naphthylamine 
Morgan and Micklethwait’s modification (J., 1905, 87, 928) of 
LeUmann and Remy’s method is serviceable. 

Hydrolysis of aceto -1 -nitro - (3 -naphthalide proceeds better with 
acid than with alcoholic potassium hydroxide (Liebermann and 
Jacobson, Annalen, 1882, 211, 44), which produces a substantial 
quantity of 1 -nitro-2-naphthol. 

By very slow decomposition in the cold in presence of cuprous 
chloride and concentrated hydrochloric acid, diazotised 2-nitro- 
1-naphthylamine gives a good yield of 1 -chforo-2~nitronaphthcdene. 
Under similar conditions, only poor yields of the corresponding 
bromo- and iodo-compounds are obtained, which may be due to the 
preferential formation of naphthalene-l-diazo-2-oxide (compare 
Priedltoder, Ber, 1895, 28, 1951; Morgan and Evens, J., 1919,115, 
1126). Vesely’s electrolytic method (Ber., 1905, 38, 136) proved 
unsuitable for the preparation of 1 -chloro-2-nitronaphthalene. 

These substances all have an extremely irritating action on the 
skin. 

Experimental. 

2-NitroA-mphthylamine .—A finely powdered mixture of 2-nitro- 
1-naphthol (5 g.) and ammonium carbonate (3 g.) is made into a 
paste with concentrated ammonia (10 c.c.) and water (6 c.c.), and 
heated in a sealed tube at 120—130° for 6 hours. The product 
when cold is pulverised, and boiled with 200 c.c. of water, aqueous 
ammonia being occasionally added/ The solution, containing the 
ammonium salt of unchanged 2-nitro-l-naphthol (0*31 g.), is filtered 
and the solid is dried and extracted with boiling alcohol (150 c.c.), 
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The extract on evaporation leaves 2-nitro-l-naphthylamine (3*8 g.), 
which melts at 141°, and at 144° alter recrystallisation from alcohol 
(Lehmann and Remy, Ber.> 1886,19, 797; 1887, 20, 872, give m. p. 
144°). The substance insoluble in alcohol (about 0*52 g.) does not 
melt at a high temperature and is probably 2 : 2'-dinitrodinaphthyl- 
amine (Found: N, 12*0. C 20 H 13 O 4 N 3 requires N, 11*7%). An 
experiment made in an autoclave produced 16 g. of 2-nitro- 

1- naphthylamine and 1*3 g. of insoluble material from 20 g. of 

2- nitro-l-naphthol, 1*8 g. of which were recovered. 

4c-Nitro- 1 -naqpJithylamine .—Experiments similar to the above 
carried out with 4-nitro-l-naphthol indicated an optimum reaction 
temperature between 140° and 160°. The quantities of 4-nitro- 
1-naphthylamine, material insoluble in alcohol, and recovered 

4-nitro-l-naphthol, respectively, were : (at 120—130°) 0*5 g.,-, 

and 6*8 g. from 8 g.; (at 140°) 2*82 g., 0*24 g., and 1*73 g. from 
5 g.; (at 160—165°) 2*94 g., 1*43 g., and 0*2 g. from 5 g. of 4-nitro- 

1- naphthol. The nitronaphthylamine obtained at 140° melted at 
182°, and at 191° after crystallising once from alcohol. 

1 ~Nitro-2-naphthylamine. —A mixture of p-naphthylamine * (1 
part), 50% acetic acid (5 parts), and acetic anhydride (1 part) is 
boiled under reflux for 1 hour; on cooling, aceto-p-naphthalide 
separates in flaky crystals. This product (200 g.) is added in four 
equal portions to cold glacial acetic acid (250 c.c.), into which, after 
each of the first three additions, 70% nitric acid (15 c.c.) is run 
during 1 hour, the temperature being kept at 8—10°. This 
procedure obviates the stiffening of the reaction mixture which 
renders Liebermann and Jacobson’s process ( loc . tit.) almost 
unworkable. After the last addition of aceto-p-naphthalide, 25 c.c. 
of nitric acid are added to the mixture, which is then kept for 2 
days. The orange-yellow aceto-l-nitro-(B-naphthalide that has 
separated is filtered off and washed with ether (yield 170 g.). 

Hydrolysis is effected by boiling a solution of the product (125 g.) 
in alcohol (500 c.c.) with concentrated hydrochloric acid (125 c.c.) 
for 4 hours; the treatment is repeated if necessary. The mixture 
is then poured into 4 litres of cold water and the crude 1-nitro- 

2- naphthylamine filtered off, dried, and recrystallised from twice 
its weight of hot alcohol; m. p. 122° (Atterberg gives m. p. 124— 
125°, and Meldola, 126—127°) (Found : 3ST, 15*0. Calc., 14*9%). 

1 - CUoro-2-nitronapTUhalene .—Five grams of sieved 2-nitro- 
l-naphthylamine are warmed with 30 c.c. of a mixture of 98% 
sulphuric acid (3 vols.) and water (1 vol.) (i.e., H 2 S0 4 ,H 2 0). The 
solution thus obtained is cooled to 0°, stirred, and solid sodium 

* Pinnow’s directions (Ber., 1900, 33, 417) for acetylating a-naphthylamine 
give an unsatisfactory result in the case of 0*naphthylamine. 
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nitrite (3—4 g.) gradually added, the temperature being kept 
below 5°. The diazo-solution is added carefully to a cooled solution 
of cuprous chloride (5 g.) in concentrated hydrochloric acid (40 c.c.). 
After 12 hours, the solid is filtered off, dried, and extracted with hot 
alcohol (50 c.c.). The extract is poured into 1% aqueous sodium 
hydroxide (100 c.c.), which dissolves any 2-nitro-l-naphthol 
present. The precipitate is filtered off, washed, and distilled with 
superheated steam. The solid (2*5 g.) in the distillate, after two 
crystallisations from alcohol, forms long, pale yellow needles, m. p. 
76° (Found: N, 7*1; 01, 16*7. C 10 H 6 O 2 NCl requires N, 6*7; 
Cl, 17*1%). 1 -Chloro-2-nitronaphthalene does not depress the 

melting point of 2-nitro-l-naphthol. 

l-Bromo-2-nitronaphthalene .—The above procedure was repeated, 
except that the Sandmeyer reaction was carried out in a cooled 
mixture of crystallised copper sulphate (5*4 g.), copper bronze 
(1*4 g.), sodium bromide (15 g.), and water (40 g.). The solid 
obtained (0*95 g.) crystallised from alcohol in stout, bright yellow 
needles, m. p. 97° (Found : N, 5*8; Br, 31*5. Ci 0 H 6 O 2 NBr requires 
N, 5*55; Br, 31*7%). 

l-Iodo-2-nitronaphthalene. —The Sandmeyer reagent in this case 
was potassium iodide (6 g.) in water (50 c.c.). The solid product was 
treated with sodium bisulphite solution to remove iodine, and 
crystallised from alcohol in pale yellow plates, m. p. 111° (yield 
1*9 g.) (Found : I, 42*7. C 10 H e O 2 NI requires I, 42*4%). 

2’Chloro-l-nitronaphthalerie .—l-Nitro-2-naphthylamine (5 g.) was 
diazotised according to Friedlander and Littner (Ber., 1915, 48, 
330), and from the resulting solution 1 g. of 2-chloro-l-nitres 
naphthalene was obtained. 

2 -Nitronaphthalene,. —A mixture of 2-nitro-l-naphthylamine 
(4*2 g.), alcohol (12 c.c.), and concentrated sulphuric acid (3 c.c.) 
was cooled to 0°, 3*4 c.c. of aqueous sodium nitrite (50 g. in 100 c.c. 
of solution) were added during 30 minutes, and the whole was kept 
in the cold for 4 hours. It was then gradually heated to the boiling 
point during 5 hours, boiled for 2 hours, poured into cold water 
(300 c.c.), 20% aqueous sodium hydroxide (20 c.c.) was added, and 
the mixture was steam-distilled. The pure 2-nitronaphthalene in 
the distillate solidified in yellow crystals (1*24 g.) with a cinnamon- 
like odour, m. p. 79° (Found ; N, 8*2. Calc., N, 8*1%). 

The authors desire to thank the British Dyestuffs Corporation for 
gifts of chemicals used in this investigation. 

Technical College, Huddeksfield. [Received, July 25th, 1925.] 
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III ,—The Influence of Carbon Bings on the Velocity 
of Beactions involving their Side Chains . Part I * 
The Hydrolysis of Cyclic and Open-chain Malonic 
Esters . 


By Richard Gane and Christopher Relk Ingold. 

It has been shown during the last 10 years that the angle between 
two of the valencies of a carbon atom may be materially affected 
by structural conditions relating to the other two valencies, such as, 
for instance, their inclusion in a ring (Beesley, Ingold, and Thorpe, 
J., 1915, 107,1080, and later papers) or their attachment to groups 
of larger or smaller molecular volume (Ingold, J., 1921,119,305, and 
later). Thus, on passing through the series (I) to (IV) an increasing 
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tendency towards the interaction of groups attached to carbon atoms 
(a) and (6) proves that these two carbon atoms are brought together 
by the widening of the angle between the remaining two valencies 
of the central carbon atom. 

The opposite sequence would be expected if we were to examine, 
not the interaction of groups attached to carbon atoms (a) and (5), 
but their independent action on some external reagent. Evidently 
the proximity of the carbon atoms would now be, not an accelerating, 
but a retarding influence, and a decreasing tendency to reaction 
should be observed on passing through the series (I) to (IV). 

We have been induced to examine this inference, not only for its 
<own interest, but also because the large choice of replacement and 
.addition reactions available renders it possible to select reactions 
.capable of more exact study than the violent ring-forming processes 
^employed in the investigations referred to above. This paper 
.contains a record of experiments on the relative rates of hydrolysis 
by alkalis of a series of cyclic malonic esters of type (V), certain 
open-chain malonic esters (type VI) being included for comparison. 


(V.) [OHjXXggg <"•> 


The remarkable effect of different carbon rings in promoting or 
retarding reactions in which only their side-chains and not the rings 
themselves axe involved was first impressed on us when comparing 
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the experiences of Fischer and Dilthey (Ber., 1902, 35, 844) with 
those of Ingold, Sako, and Thorpe (J., 1922, 121, 1177) when 
studying the formation of amides from malonic esters by the aid of 
aqueous ammonia. This case appears to have special analogies 
with results recorded in this paper, and must briefly be considered. 

The most rational view of amide formation from esters appears to 
be that it is the result of two consecutive reversible addition 
reactions, the first of the aldehyde-ammonia, and the second of the 
ketone-alcoholate (semi-acetal) type : 

-C(0Et):0 + NH 3 —C(OEt)(OH)*NH* ^ 

~C(:0)-NH 2 + EtOH. 

Fischer and Dilthey, however, were influenced by the fact that, 
whilst ethyl malonate and ethyl methylmalonate (VII and VIII) 
readily yield amides with aqueous ammonia, ethyl dimethyl- 
malonate (IX) refuses to do so, and they therefore formulated the 
reaction, not as a direct attack by ammonia upon the carbethoxyl 
groups, but as a complex process involving a tautomeric hydrogen 
atom (*), the presence of which in (VII) and (VIII) enables a salt 
of type (X) to be formed as an intermediate product. 


(VII.) HHC<gg^ 
(IX.) (CH 3 ) 2 C<^ 


(CH s )HC<gg^ (VIII.) 
~ C ^C(ONH 4 )OEt (X-) 


Ingold, Sako, and Thorpe (loc, cit ,), and at about the same time Dox 
and Yoder independently (J, Amer, Ghem, Soc. } 1921, 43,2097), pre¬ 
pared without difficulty amides from the cyclic malonic esters (XI) 
and (XII) which, however, are devoid of a malonyl hydrogen atom. 


CH 2 ^CO a Et 2 X0 2 Et 2 XH 2 -0H 2 tX) 2 Et 

(XI.) (XII.) (XIII.) 

These observations appear to some extent to rehabilitate the 
reversible addition mechanism, and to suggest a spatial explanation 
of the differences noticed. When it is reflected also that amide- 
formation occurred more easily with the cyclopropane than with the 
cyctobutane ester, it seems clear that at least a part of the observed 
differences is to be accounted for on stereochemical grounds. The 
special mechanism suggested by Fischer and Dilthey cannot be 
positively excluded from participation in the cases to which it 
applies; it must, however, be regarded, not as the general 
mechanism of amide formation, but only as a possible auxiliary 
process by means of which amide formation may be facilitated 
when enolisation of the ester can occur. 

b*2 
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Bearing these points in mind, we have examined the velocity uf 
hydrolysis not only of cyclic and disubstituted malonic esters such as 
(IX), (XI), (XII), and (XIII), but also of a series of malonic esters 



possessing a mobile hydrogen atom. The results of some of these 
determinations, carried out under strictly comparable conditions, 
are displayed in Figs. 1 and 2. 

Attempts to calculate coefficients and construct such curves 
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theoretically led to considerable mathematical difficulties, principally 
owing to the distortion which experimental errors underwent in the 
process of evaluating coefficients. In its simplest aspect, and 
neglecting all corrections, the complete hydrolysis must be regarded 
as a pair of consecutive bimolecular reactions, but calculating on this 
basis it was found that effects of an arbitrary variation of one of the 
determined coefficients could often be largely counterbalanced by 
adjusting the other. Finally an approximate numerical comparison 
of the different cases was obtained by calculating the initial velocities 
from a series of curves representing identical conditions of temper¬ 
ature and initial concentration. 

These initial velocities, x 0> which were calculated from the 
following equations, 

x = K(a — x)(b — x ); K 0 — Lim K; and x 0 = K 0 ab, 

£—>•0 

are exhibited for the disubstituted malonic esters (cyclic and 
open-chain) in the following table, the last column of which displays 
the angle between the valencies carrying the carboxyl groups 
calculated according to the principles advanced by Beesley, Ingold, 
and Thorpe (Zoc. cit.). 

Table I. 



x 0 x 10*. 

login *o- 

Q . 

cj/cZoPropane-l : l-dicarboxylio ester ... 

... 4*95 

i-69 

116-9° 

cycZoButane-1 : 1-dicarboxylic ester ... 

... 2*3 (5) 

3-37 

113-0 

grem-Dimetkylmalonic ester . 

O'45 

{>•66 

109-5 

q/cZoHexane-1: 1-dicarboxylic ester ... 

0-10 

Soo 

107-2 

^em-Diethylmalonic ester .... 

0-02(5) 

5-40 

(105-3) 


Reference to Fig. 3 shows that the points connecting the logarithms 
of the initial velocities and the calculated angles lie on a smooth 
curve both for the cyclic esters and the ^m-dimethyl ester. There 
is no means at present of calculating the angle appropriate to the 
grem-diethyl ester, but the curve indicates a value of 105-3°, which is 
lower than might be expected from previous investigations with 
glutario acids. 

It was not found possible to deduce initial velocities in the cases 
of the tautomeric malonic esters represented in Fig. 1, as the 
reactions of these substances (excepting isopropylmalonic ester) 
were too rapid at their commencement for accurate measurement. 
The curves show, however, that the various alkyl groups exert an 
influence appropriate to their relative size, although it is difficult 
to express this effect quantitatively. 

The fact that the reactions of this group proceed with much 
greater rapidity than the steric theory would indicate seems to show 
the operation of an additional mechanism when tautomeric hydrogen 
is present. Such a supposition would be consistent with that 
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discussed in the case of amide formation, with racemisation by 
alkalis of compounds containing potentially mobile hydrogen 
attached to asymmetric carbon, with the interconversion of sugars 
by alkalis, and numerous other well-known phenomena. 


Fig. 3. 



Experimental. 

Preparation of Material .—(1) Ethyl malonate. A sample of 
Boots’s pure ethyl malonate was carefully fractionated, head and 
tail fractions being rejected, and the main portion, which boiled 
well within 1°, being used, 

(2) Ethyl methylmalonate. To avoid possible contamination of 
the monomethylation product of ethyl malonate with traces of the 
latter and of ethyl dimethylmalonate, the crude ester was hydrolysed 
and the acid crystallised several times from ether and water, and, 
after washing with hot chloroform, from ethyl acetate. The fully 
purified acid (m. p. 130°; recorded m. p. 129°) was then re-esterified 
by Fischer and Speier’s method. The ester had b. p, 196—197°/ 
754 mm, 

(3) Ethyl dirmthylmalonate . The crude dimethylation product 
of malonic ester was distilled (b. p. 193—195°) and, in view of 
possible contamination with incompletely methylated products, 
digested with an equal weight of ammonia (d 0-880), which rapidly 
converts the latter into amides. The pure dimethyl ester had 
b. p. 194—194-3°/751 mm. and b. p. 196—197°/765 mm. 
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(4) Ethyl ethylmalonate . Like (2). 

(5) Ethyl diethylmalonate. Boots’s sample of this ester was shaken 
with cold 30% sodium hydroxide sufficiently to hydrolyse any ethyl 
monoethylmalonate, recovered, and distilled (Michael, J. pr. Chem 
1905,72,537). 

(6) Ethyl n-propylmalonate. The ester prepared as described by 
Conrad (Annalen, 1880, 204, 124) was purified by distillation until 
it boiled within 1°. 

(7) Ethyl impropylmalonate. Like (6) (compare Preiswerck, Helv. 
Chim . Acta , 1923, 6, 192). 

(8) Ethyl cyclopropane-1: l-dicarboxylate (XI) was prepared 

and purified as described by Perkin (J., 1885, 47, 810). 

B. p. 210—211°/718*5 mm. 

(9) Ethyl oyolobutane-l : l-dicarboxylate (XII), prepared as 
described by Perkin (J., 1887, 51, 2) and purified by repeated 
fractional distillations, had b. p. 224-5—225*5°/757*7 mm, 

(10) Ethyl oyolohexane-l : l-dicarboxylate (XIII). The speci¬ 
men used was kindly given by Mr, W. A. Wightman. It had 
been subjected to partial hydrolysis, which would have removed 
any monosubstituted malonic ester if present [see (5)]. 

Method of Experiment. —The hydrolyses were carried out by means 
of carbonate-free aqueous-alcoholic sodium hydroxide contained 
in strong bottles, into which thin glass tubes containing the weighed 
ester (usually 0-005 g.-mol.) were dropped to start the reaction, the 
alkali having previously attained the thermostat temperature. 
The portions withdrawn for analysis were run as rapidly as possible 
into an excess of hydrochloric acid to terminate the reaction and 
titrated with N /50— N /60-barium hydroxide. Various temperatures 
and concentrations of alkali were employed, but in the experiments 
selected for this record the temperature was uniformly 27*0°, whilst 
the alkali consisted of 0*8380 g. of sodium hydroxide, 23*26 g. of 
water and 75*90 g. of alcohol in each case. 

Results. —The general method of calculating the limiting velocities 
has been described above, and an instance may here be given of its 
application. In the following table, tho figures of the first row are 
read from the slope of the smoothed x~t curve, and those in the 
bottom row show the asymptotic approach of k to the value k$ = 
0*0000090; whence x 0 = 0*00049 can be calculated. 

Table II. 

(Ethyl c^cZopropane-l; l-dicarboxylate.) 

x X 10 4 ... 4*45 3*55 2-95 2*40 1-70 1-30 0*78 

x X 10 4 ... 2*25 6*20 9*50 1*21 1*62 1*92 2*24 

k x 10*... 9*2 9*1 9*5 9*6 10*4 12*4 17*4 (rapidly increasing) 
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Table III. 

(Mobile Esters.) 


Ethyl malonate. Ethyl methylmalonate. Ethyl ethylmalonate. 

_A _ ___ . II I—.— .. >■ 


t 

x x 10* 

" t 

x X 10 4 

t 

x x 10 4 

(mins.). 

(g.-mols.). (mins.). 

(g.-mols.). 

(mins.). 

(g.-mols.). 

0*50 

16-2 

0-75 

8*5 

1-00 

6*3 

1*50 

22*5 

3*00 

17*8 

2*00 

11*1 

2*50 

27-4 

4-00 

20*7 

3*25 

15*3. 

3-75 - 

29*6 

6*00 

23*1 

6*00 

20*8 

6-7S 

32*7 

8*50 

24*9 

8*25 

24*0 

6*75 

34*1 

11*00 

26*2 

10-75 

25*7 

9*75 

37*3 

15*25 

27*4 

14-25 

26-9 

12-00 

39-2 

20*00 

28*5 

21-00 

28-1 

14*75 

40-9 

25*00 

30*0 

33*00 

30-1 

19*50 

43*3 

30*00 

31*1 

41-75 

31-4 

26*50 

45*8 

35*50 

32*3 

64*00 

32-8 

35*50 

47*3 

46*50 

34*3 

71*25 

34-6 

46-00 

48*8 

60*50 

36*5 

89*00 

35-9 

59*00 

49*6 

75*25 

38*1 

104*00 

37-4 

75*0 

49*9 

89*00 

39*3 

127*00 

39-0 



100*00 

40*7 ’ 

144*00 

39*9 



117*00 

41*8 

165-00 

41*2 



131*00 

43*0 

194*00 

42*2 


Ethyl 


Ethyl 



n-propy lmalonate. 


isopropylmalonate. 


x X 10* 

x x 10* 

0 ^ 1 1 1 " T 1 

x X 10 4 

v X 10 4 

t 

(g- 

t (g- 

t 

(g- * 

(g*- 

(mins.). 

mols.). 

(mms.). mols.). 

(mins.). 

mols.). (mins.), mols.). 

0*50 

5*7 

28*50 33*3 

0-50 

2*3 41*00 

24*7 

1*44 

10*6 

38*75 34*0 

2*25 

5*8 57*50 

26*7 

2*50 

14*6 

70*50 34-7 

4*25 

7*8 75*25 

27*7 

4*33 

16*4 

105*50 36*8 

8*50 

11*1 91*75 

28*5 

6-67 

22*3 

132*50 38*7 

14*25 

16*0 113*50 

28*9 

9*44 

24-7 

153*00 39*4 

19-25 

18*7 134*50 

29*6 

12*50 

26*6 

187*50 40*8 

25*00 

21*6 174*75 

30*4 

15*84 

29*8 

210*25 41*6 

35*25 

23*8 


20*00 

31*2 







Table IV. 





(Static Esters — Open-chain.) 

Ethyl 

diethyl- 


Ethyl 


Ethyl 


dimethylmalonat© (“ A ”). dimethylmalonat© (** B **), malonate. 



3X10 4 


XX 10*" 

/- 

xX 10 4 


X X 10*" 


xX 10 4 

t 

(g-- 

t 

(g- 

t 

(g*- 

t 

<g- 

t 

(g-“ 

(mins.) 

l* mols.) 

. (mins.), 

. mols.). 

(mins.) 

. mols.). 

(mins.) 

. mols.). 

(mins.). 

mols.). 

0*75 

0-3 

84-50 

16*4 

1*50 

0*7 

85*00 

16*9 

1-50 

0 

1*50 

0-6 

102-25 

17*9 

3*75 

1*3 

102*75 

17*8 

13*00 

0*3 

3*00 

1-3 

116-50 

19*2 

6*25 

2*1 

121*50 

19*3 

22*50 

0*6 

6*84 

2*4 

138*00 

20*6 

10*00 

3*4 

148*50 

21*2 

34*50 

0*9 

14*84 

4*9 

158-75 

22*1 

17*00 

5*6 

174*67 

22*4 

48*25 

1*1 

26-00 

7*4 

183-75 

23*1 

25*75 

7*5 

201*00 

23*5 

110*00 

1*5 

36-75 

9-8 

200*50 

23*8 

33*50 

8*5 

223*00 

23*9 

181*00 

2*2 

46*50 

11-3 

212*25 

23*9 

41*75 

10*6 

244*00 

24*8 

218*00 

2*4 

56-84 

12*9 

229-50 

24*6 

52*75 

11*7 

278*50 

25*0 



70-50 

14*8 

238*75 

24*9 

68*25 

14*5 

309*75 

26*5 







81*75 

16*5 
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Table V. 


(Static Esters—Cyclic.) 


Ethyl 

Ethyl Ethyl cycfohexane- 

cyctopropanedicarboxylate. cycfobutanedicarboxylate. dicarboxylate. 


r 

XX 10* 


XX 10 4 

/ 

03 X 10 4 

x X 10* 


ojxIO 4 

t 

(mins.] 

(«■: . 
). mols.), 

t 

, (mins.) 

(g- 

. mols.). 

t 

(mins.) 

(g-- 

. mols.). 

t 

(mins.). 

mols,). 

t 

(mins.) 

(g- 
, mols.). 

0-50 

2-8 

29-50 

29-5 

0-50 

1*0 

44-00 

26*3 

3-75 

0-5 

1*75 

6-9 

34*25 

29-9 

1-75 

3-3 

51-00 

27-4 

7-00 

0-8 

2*75 

10-4 

39-00 

30-4 

3-75 

7-2 

62-75 

28-3 

14-00 

1-5 

4-00 

13-1 

47-75 

31-4 

6-50 

10-9 

78-50 

29-8 

29-50 

2-8 

5-50 

17-3 

56-00 

32-6 

9-00 

13-5 

103-50 

31-6 

49-50 

3-9 

8-25 

19-9 

68-50 

33-7 

14*00 

17-0 

128-50 

32-8 

61-00 

4*8 

11-50 

22*6 

84-50 

35-1 

19-33 

19*5 

147-75 

33-2 



14*00 

24-6 

96-00 

35-5 

25-33 

21-6 

170-00 

34-4 



17-00 

25-7 

113-50 

36-5 

30-00 

23*8 

188-25 

34-9 



20-25 

26-9 

134-25 

37-8 

35*20 

24*6 

207-00 

36-1 



24-00 

28-3 

160-75 

38-2 








We desire to thank the Chemical Society for a grant which has 
covered much of the cost of this investigation. 

The University, Leeds. [Received, November 18 th, 1925.] 


IV.— Tesla-luminescence Syectra* Part VI. Some 
Amino ~ derivatives . 

By William Hamilton McjVicker, Joseph Kenneth Marsh, 
and Alfred Walter Stewart. 

In previous papers (J., 1923, 123, 642, 817,2147; 1924, 125,1743; 
1925, 127, 999) accounts were given of the Tesla-luminescence 
spectra of various benzene derivatives. The present communication 
contains a description of the emission spectra of some aromatic 
amino-derivatives. The apparatus used is the same as before, 
the pressures were 1—2 mm., and the exposure was in each case 
15 minutes. , 

Aniline , b. p. 182*9°/748 mm. A strong continuous spectrum, 
2880—4000 A.U., fading off gradually at both ends, with a number 
of well-defined narrow bands at 2895, 2915, 2927, 2938, 2960, 2976, 
2985, 2999, 3010, 3022, 3031, 3050, 3070, 3098, 3122, 3145, 3171, 
3199,3224. 

The spectra of the next seven substances faded gradually at both 
ends, but more so at the end of greater wave-length. 

Monomethylaniline , b. p. 196*4—196-9°/770 mm. A strong 
continuous spectrum at approximately 2965—4250 A.U. The 
centre of maximum intensity is about 3300 A.U. 



18 


MCYICKEE, MARSH, AND STEWART : 


Monoethylaniline, b. p. 205*6—206*2°/770 mm. A strong con¬ 
tinuous spectrum at approximately 2695—4250 A.U. The centre 
of maximum intensity is about 3340 A.U. 

Bmethylaniline , b. p. 194*2—194*3°/766 mm. A strong con¬ 
tinuous spectrum at approximately 3025—4300 A.U. Centre of 
maximum intensity at approximately 3420 A.U. 

Diethylaniline , b. p. 213*2—214°/738 mm. Medium continuous 
spectrum at approximately 3010—4225 A.U. Centre of maximum 
intensity at approximately 3375 A.U. 

iso Amylaniline, b. p. 253*6—255*6°/766 mm.f Strong continuous 
spectrum at approximately 2995—4300 A.U. Centre of maximum 
intensity at about 3340 A.U. 

Benzylamine , b. p. 184-6—185*2°/771 mm. Weak continuous 
spectrum at approximately 2671—3390 A.U. Diffuse heads of 
bands at 2671,2714, 2800. 

Benzylaniline, b. p. 320-8—321*0°/775 mm. Strong continuous 
spectrum at approximately 2980 — 4225 A.U. Centre of maximum 
intensity at approximately 3345 A.U. 

Diphenylamine , b. p. 302*6—302*8°/750 mm. Weak continuous 
spectrum at approximately 3070—3875 A.U., fading off gradually 
at both ends. 

Triphenylamine . Nine times recrystallised from alcohol and 
boiled once with animal charcoal. M. p. 126*4°. Moderate con¬ 
tinuous spectrum at approximately 3260—4220 A.U. , fading off 
gradually at both ends. 

Benzidine, m. p. 125—127°. Strong continuous spectrum at 
about 3200—4600 A.U., fading off gradually at both ends but more 
so at the end of shorter wave-length. Centre of maximum emission 
at approximately 3830 A.U. 

Hydrazobenzene , m. p. 126—127°. Very faint, continuous 
spectrum at approximately 3050—4125 A.U., fading off gradually 
at both ends, but more so at end of greater wave-length. Centre of 
maximum intensity at approximately 3340 A.U. 

Phenylhydrazine , b. p. 241*0—241*5°/763 mm. Weak continuous 
spectrum at approximately 2980—3640 A.U., fading off gradually 
at both ends. Possibly there are faint narrow bands at 3024 and 
3052 A.U. 

oL-MeihylpJienylhydmzine, b. p. 101-—103°/28—29 mm. Strong 
continuous spectrum at approximately 2940—4225 A.U., fading off 
gradually at both ends, but more so at the end of greater wave¬ 
length* Centre of maximum intensity at approximately 3345 A.U. 

a-Naphthylamine, b. p. 299*4—299*7°/774 mm. Intense gon- 
tinuous spectrum at approximately 3320—4700 A.U., fading off 
gradually at both ends with a diffuse head at about 3780 A.U. 
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Signs of very indistinct bands were observed at approximately 
3340, 3399, 3443, and 3506 A.U., but the phenomena are doubtful. 

$»Naphthylamine 9 m. p. 110°. Intense continuous spectrum at 
approximately 3280—4700 A.U., fading off gradually at both ends. 
Centre of maximum intensity at approximately 3800 A.U. 

Ammonia . The ammonia spectrum contains two maxima at 
3360 and 3371 A.U. and a band system extending from these in 
both directions to 3286 and 3450, respectively. Possibly there may 
be two bands in the visible region at 5690 and 6600 A.U. These 
bands are very indefinite. The spectrum in general is that of 
ammonia in a vacuum tube excited by an ordinary induction coil 
discharge. 

On collating the foregoing data, some points of interest are found. 
The attachment of the amino-group directly to the benzene ring 
has the effect of shifting the region of emission towards the red end. 
Replacement of the hydrogen atoms of the amino-group by alkyl 
radicals has no profound influence on the spectral character of the 
emission. When phenyl groups are introduced into the amino- 
radical, the first phenyl group weakens the intensity of the spectrum 
as a whole, whilst a second phenyl radical increases the intensity 
slightly, though not enough to bring it back to the intensity of 
aniline. 

The replacement of one hydrogen atom of the amino-group by 
the group —NH 2 so as to form phenylhydrazine, has a marked 
influence on the spectrum. Aniline has a strong emission with a 
length of 1120 units; the emission of phenylhydrazine is weak and 
extends over only 660 units. If the imino-group of phenyl¬ 
hydrazine carries a methyl group, NMePh-NH 2 , both the intensity 
and the extent of the emission are increased. On the other hand, 
the introduction of a phenyl group, forming NHPh*NHPh, weakens 
the intensity of the spectrum but increases the extent of the emission. 


The influence of constitution upon the spectra is seen by comparing 
the following data: 


Diphenylmethano 

CH a Ph a 

NHPh 2 

Intensity. 

Medium 

Emission region. 
2673—3900 

Diphenylamine 

Weak 

3070—3876 

Dibenzyl 

CH 4 Ph*CH 2 Ph 

NHPh-NHPh 

Paint 

2700—4300 

Hydrazobenzene 

Very faint 

3050-4125 

Benzidine 

nh«*o 6 h 4 ^c«h 4 *nh 2 

C c H 6 *0 6 H b 

Strong 

3200-4600 

Biphenyl 

Paint 

2800—3900 

Obviously when imino-groups are 

substituted 

for methylene 


groups the intensity is weakened and the spectrum is truncated at 
the violet end. Hydrazobenzene has a very faint spectrum, 
whereas the spectrum of benzidine is strong. The intensity of the 
benzidine spectrum is not due to the close proximity of the two 
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phenyl nuclei, since the parent substance, diphenyl, has only a faint 
spectrum. The difference in the spectra of the two isomeric com¬ 
pounds must therefore be sought in difference between the group 
—NH—NH— on the one hand and the two primary amino-groups 
on the other. 

The introduction of an amino-group into naphthalene has the 
effect of shortening the original spectrum at both ends while making 
it more intense in the region in which it still persists. 

We desire to express our indebtedness to the Research Fund 
Committee of the Society; and also to the Eastman Kodak Com¬ 
pany, who supplied us with specially pure specimens of some of our 
materials. 

The Sir Donald Currie Laboratories, 

The Queen’s University op Belfast, 

Northern Ireland. [ Received , October 7th, 1925.] 


V .—The Solubility of Sodium Iodide in Ethyl Alcohol . 

By Frederick Ernest King and James Riddick Partington. 

The solubilities of the iodides of the alkali metals in alcohol require 
reinvestigation on account of the probable presence of moisture in 
the materials previously employed. 

Preparation of the Materials.—Ethyl alcohol . Two litres of 96% 
alcohol were poured on to freshly burnt quicklime, refluxed for 6 
hours, distilled, and refluxed over a further quantity of lime. The 
alcohol was distilled on to 5 g. of powdered silver nitrate previously 
dried at 110°, refluxed, and distilled. The distillate was refluxed 
with about 20 g. of fresh calcium turnings and distilled through a 
tall column, the first and last fractions of 100 e.c. being rejected. 
The alcohol was stored in a vessel with a siphon attachment and a 
guard tube of phosphorus pentoxide. The alcohol was free from 
aldehyde, ketone, ethyl nitrite, and ammonia. The density 
(Df) was 0-7851. 

Sodium iodide . The iodide was prepared by decomposing pure 
sodium carbonate with hydriodic acid of constant b. p. (126°), 
prepared by the action of hydrogen sulphide on iodine in the presence 
of water. The solution of sodium iodide, slightly coloured with 
iodine from the decomposition of a little of the acid by the air, was 
evaporated to dryness and the solid recrystallised three times from 
water. The crystals of NaI 5 2H 2 0 were heated in a large porcelain 
boat in a sloping glass tube through which a slow current of pure 
dry hydrogen was passing. The electrolytic hydrogen used in these 
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experiments was contained in a cylinder and was freed from oxygen 
by passing over heated platinised asbestos. As the water was 
driven off from the iodide the temperature was increased to 120°. 
The white solid was cooled in dry hydrogen, removed quickly, and 
ground up in a mortar contained in a desiccator over phosphorus 
pentoxide (Parker, J., 1914, 105, 1504). Spectrum analysis failed 
to reveal the presence of other metals and the iodine content was 
shown to be 84*64% by precipitation as silver iodide (Theory, 
84*66%). 

Fig. 1. 



Experimental .—On account of the hygroscopic nature of the 
solution the apparatus shown in Pig. 1 was devised. The apparatus 
was carefully dried and an excess of sodium iodide, together with 
the alcohol, placed in the tube A. The tube was closed with a good 
cork, which had been dried by heating in a wax-bath at 120°, and 
fitted with a glass stirrer. The air in the tube was displaced by dry 
hydrogen through the tap, T 1? and the vessel was then closed by 
pouring mercury into the seal surrounding the stirrer. Tube B was 
closed with a rubber bung, through which passed a filter tube packed 
with dry cotton wool, reaching to the bottom of B, with the top 
ground to take the end of a standard pipette, The capacity of A 
was approximately 80 c.c. and that of B 30 c.c, Tube B was filled 
with dry hydrogen and closed at the top of the filter tube with 
pressure tubing and a clip. Connexion between A and B could be 
made through the enclosed tap, T. 
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The apparatus was placed, in a thermostat maintained at 25*0°, 
and the alcohol and iodide were stirred over-night. The stirring 
was then discontinued, and a sample of the saturated solution of 
iodide transferred to B through T by suction through T 2 , dry 
hydrogen being admitted through T x to take the place of the solution 
removed. Quantities of approximately 10 c.c. of the solution were 
removed in standard pipettes and rapidly transferred to weighed 
evaporating flasks fitted with ground glass stoppers having two 
tubes sealed into them, the outer ends being provided with ground 
glass caps. The weights of the solutions were found, the solutions 
evaporated to dryness, the residues heated to 120° in a stream of dry 
hydrogen, and weighed. The solubility of sodium iodide in alcohol 
at 25° was found and an approximate value for the density of the 
solution as compared with water as a standard was calculated. 

Results .—The figures under $ 25 ° represent the solubilities of 
sodium iodide in ethyl alcohol at 25° in g. per 100 g. of alcohol. 

Expt. ... 1 2 3 4 5 6 7 8 9 10 

S 25# . 42-82 42-39 42-20 42-13 42-89 42-83 42*84 42-24 42-50 42-89 

Density {Df) = 1*037. Mean value of S™ a = 42-57. 

Pure dry lithium iodide has been prepared by heating the mono¬ 
hydrate in a current of dry nitrogen free from oxygen, and investi¬ 
gations on the influence of the solubility of lithium iodide on the 
solubility of sodium iodide in alcohol are in progress. 

East London College, 

UNivEBSiTy or London. [ Received , November 13 th } 1925.} 


VI .—The Structure of the Normal Monosaccharides * 
Part III . Phamnose . 

By Edmund Langley Hirst and Alexander Pollen Maobeth. 

As earlier work led to the conclusion that normal derivatives 
of the pentose sugars xylose and arabinose have the amylene- 
oxidic structure (Hirst and Purves, J,, 1923,123, 1352; Hirst and 
Robertson, J., 1925,127, 358), it was obviously of interest to deter¬ 
mine the structure of normal derivatives of a typical methyl pentose, 
Evidence is now submitted showing that 7-rhamnose and its stable 
derivatives also are amylene-oxidic. This view conflicts with the 
suggestion of Pringsheim (“ Zuckerchemie,” 1925, p. 102) that a 
butylene-oxidic structure for rhamnose follows from the apparently 
definite furoidal structure of rhamnal (Bergmann and Schotte, 
Ber., 1921, 54, 404). Fischer, Bergmann, and Rabe (Ber< 9 1920, 
53, 2362) found, however, that during the conversion of aceto- 
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bromorhamnose into triacetyl methyhkamnoside a mixture of 
isomeric substances is formed by the wandering of acetyl groups 
accompanied by corresponding changes in the nature of the oxidic 
linkings* We are therefore of the opinion that it would be unsafe 
to base the structure of rhamnose derivatives on that of rhamnal, 
and, when considered in the light of the work now described, the 
presence of a y-oxidic linking in triacetyl rhamnal is to be taken 
rather as evidence of the occurrence of an isomeric change during 
the reduction of acetobromorhamnose than as proof of the con¬ 
stitution of rhamnose itself. 

# The observations of Fischer, Bergmann, and Babe led us to 
consider with special care the stability of the methoxyl groups in 
methylated rhamnose, for any wandering of the methyl groups 
would complicate very seriously the oxidation method we proposed 
to use in determining the structure of the compound. A wandering 
of a methyl group from position 6 to position 3 in the glucose 
molecule has been suggested (Ohle, Ber. s 1924, 57, 403) to explain 
certain discordant observations in the chemistry of the acetone 
derivatives of the sugars, but, so far as we are aware, no case of 
such a transformation, has been encountered during the oxidation 
of a methylated carbohydrate. Both y- and normal derivatives 
oxidise to stable methoxy-acids without wandering of the methyl 
groups (compare, e.g., Irvine, Fyfe, and Hogg, J., 1915, 107, 539; 
Irvine and Oldham, J., 1921, 119, 1744; Pryde, J., 1923, 123, 
1808; Levene, J. Biol. Ghem ., 1924, 60, 167; Haworth and Baker, 
J., 1925, 127, 365; etc.). A study of methylated rhamnose and 
its oxidation has convinced us that the course of oxidation is normal 
in this case also, and that in consequence the structure of methylated 
rhamnose may be deduced when the nature of the oxidation products 
is known. 

Rhamnose indeed, when methylated under various conditions, 
has shown a rather unusual capacity for yielding methyl derivatives 
of one structural form only. On methylation, either by preliminary 
formation of the crude mixture of a- and [3-methylrhamnosides with 
acid methyl alcohol followed by use of the Purdie reagents, or by 
direct treatment with methyl sulphate, only the normal trimethyl 
rhamnose (Purdie and Young, J., 1906, 89, 1194) was obtained, 
whereas in many oases mixtures containing both the amylene- and 
the butylene-oxide form of the methylated sugar are produced 
(Pryde, Hirst, and Humphreys, J., 1925,127, 348). 

Oxidation of this trimethyl rhamnose by nitric acid not only 
showed that the compound was free from admixture with isomeric 
forms of different oxidic linking, but also gave a direct proof of its 
constitution. The oxidation product under the special conditions 
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adopted was Z-arabotrimethoxyglutaric acid, which may also be 
obtained by oxidising trimethyl arabinose or by methylating 
Z-trihydroxyglutaric acid. No methoxy-group was lost during the 
reaction, but the terminal methyl group was removed. These 
observations can be interpreted (assuming the stability of the 
methoxy-groups) only on the basis of an amylene-oxidic structure 
for normal trimethyl rhamnose, and from arguments which have 
been detailed previously this leads to the assigning of the amylene- 
oxidic formula to a- and p-methylrhamnosides and in all probability 
to rhamnose itself. A summary of the reactions involved is given 
in the accompanying scheme. 
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The mechanism of the oxidation is in itself interesting. After 
the production of the intermediate trimethylrhamnonic acid, the 
action of nitric acid on the terminal ~CH(OH)-CH 3 group involves 
a quantitative transformation to -CO-OH and C0 2 . This must 
proceed via the ketone ~CO-CH 3 , and the present reaction (although 
not in accord with the usual behaviour of methyl ketones) is thus 
brought into line with certain other instances. For example, 
Isevulic acid yields succinic acid on treatment with nitric acid 
(Tollens, Anmlen , 1881, 206 , 257) and rhamnose itself gives 
Z-trihydroxyglutaric acid (Will and Peters, Ber., 1889, 22 , 1697). 
The simple nature of the change is here emphasised because of its 
contrast with the more complicated course of oxidation undergone 
by the allied group -CH(OH)*CH 2 *OMe. 

A study of the latter question has been completed by one of us in 
connexion with work on glucose, and details of this will be given 
in a future communication. 
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Experimental. 

Methylation of Rhamnose. —-A mixture of a- and p-methylrhamn* 
osides (Fischer, Ber ., 1895, 28, 1158) was methylated in the manner 
described by Purdie and Young {loo. cit.). The trimethyl a-methyl- 
rhamnoside so prepared showed the properties and physical constants 
given by these authors (b. p. 101°/9 mm.; [a]a>— 15° in water; 
[a] D — 54° for c — 2-15 in alcohol. The refractive index, hitherto 
unrecorded, was riff = 1*4415). 

In a second series of experiments rhamnose was treated in the 
usual way with methyl sulphate and caustic soda. Two such 
treatments followed by one with silver oxide and methyl iodide 
gave in good yield the fully methylated sugar as a colourless, uncrys- 
tallisable syrup, b. p. 100—10T/9 mm., 1*4415 (Found: C, 
54*5; H, 9-2 ; OMe, 55*2. Calc., C, 54*5; H, 9*1; OMe, 56*3%). 
It was stable to alkaline potassium permanganate solution and 
showed [oc]d — 11*3° in alcohol (c = 1*77) and + 11*5° in water 
(c = 2*002). It was therefore a mixture of the a- and (5-forms 
of trimethyl methylrhamnoside. On hydrolysis with 8% aqueous 
hydrochloric acid at 90°, the specific rotation decreased regularly 
from the initial value of + 15*5° (c = 1*159) to zero after 40 minutes 
and then rose gradually to a constant value, + 21*2° (c = 1*085 as 
trimethyl rhamnose), after 200 minutes. On plotting the values 
against time, a curve is obtained which is characteristic of the 
hydrolysis of a mixture of the a- and (5-forms of a methyl aldoside. 
Experiments on a larger scale gave a final value of + 19*5° (c = 6*4) 
(compare Purdie and Young, loo. cit). An improved method was 
employed to isolate the trimethyl rhamnose. After neutralisation 
of the acid with barium carbonate the hydrolysis product was 
extracted with ohloroform and purified by distillation (yield 75%), 
being thus obtained as a colourless, viscous syrup, b. p. 141°/19 mm. 
(bath at 153°), nff 1*4565 (Found: C, 52*3; H* 8*7; OMe, 44*7. 
Calc., C, 52*4; H, 8*7; OMe, 45*1%). [a]r> + 24*9° (in water, 
c ssa 2*53), — 9° (in alcohol, c = 1*36). It was obviously identical 
with the trimethyl rhamnose prepared by Purdie and Young. 

Oxidation of Triinethyl Rhamnose.—A, solution of 3*0 g. of trimethyl 
a-methylrhamnoside (prepared from a-methyhhamnoside; or 
trimethyl rhamnose may be used) in 70 c.c. of nitric acid {d 1*2) 
was heated slowly until oxidation commenced, at 85°. The reaction 
proceeded vigorously and was apparently complete after 4 hours. 
Heating was then renewed, and continued for a further 2£ hours. 
The oxidation product was freed from nitric acid, dried, and 
esterified with acid methyl alcohol by the method described in 
previous papers of this series. The ester (2*61 g. or 77% of the 
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theoretical yield) was purified by distillation and thus obtained as 
a colourless, uncrystallisable syrup [2*41 g.; b. p. 135°/9 mm. 
(bath at 160°); 14350; [a] D + 47-6° (in methyl alcohol, 

c = 1-706)]. It behaved as an ester on titration, and analysis and 
a comparison of its physical constants with those of an authentic 
sample* prepared from arabinose showed it to be dimethyl Z-arabo- 
trimethoxyglutarate (wf}’ 14355; b. p. 143°/18 mm.; [«] D + 47-3° 
for c = 1*842 in methyl alcohol) [Found : C, 47*8; H, 7*25; OMe, 
60*2; COgMe (by hydrolysis), 46*3. Calc., C, 48*0; H, 7*2; OMe, 
62*0; CO a Me, 47*2%], In view of the large difference in rotatory 
power between the acid and its fully methylated dimethyl ester 
(Hirst and Robertson, loc . cit.), it was of interest to examine the 
rotation of the sodium salt. A weighed quantity of the ester was 
hydrolysed with just more than the calculated quantity of caustio 
soda, and the solution was exactly neutralised with hydro¬ 
chloric acid; [ct] D -j- 25° was thus found for the sodium salt 
(compare Purdie and Irvine, J., 1901, 79, 962, for the rotations 
of dimethyl cZ-dimethoxysuccinate and the corresponding sodium 
salt). 

When the ester was treated with methyl alcohol saturated with 
dry ammonia (0*36 g. in 3*6 c.c.), crystals of the diamide separated 
after 15 hours, and after 3 days 0*20 g. was collected (63% yield). 
The crystals were washed with cold methyl alcohol and ether 
and recrystallised once from methyl alcohol; they then had m. p, 
230°, alone or mixed with an authentic specimen of Z-arabotrimethoxy- 
glutardiamide. The solubilities, the crystalline form, the behaviour 
on heating, and the specific rotation of this substance were in exact 
agreement with those previously recorded. [«]» + ■604° (c =» 
0*6942 in water) (Found : OMe, 41*6. Calc., OMe, 42*3%), 

Armstrong College, Newcastle upon Tyne, and Department of 
Science, Durham, 

University of Durham. [Received, November 20th, 1025.] 


VII .*—The Specific Heats of Hydrocyanic Acid . 

A Reply . 

By Edith Hilda Ingold. 

Eakly this year, a paper by Partington and Carroll appeared 
{Phil. Mag., 1925, 49, 665) dealing with the ratio of the specific 
heats of hydrocyanic acid. The author’s previous measurements 
of this constant (J., 1922,121,1604) were discussed at some length 
and criticised on two distinct grounds. 



HYDROCYANIC ACID. A REDLY. 


27 


The first of these criticisms is summed up in the remark, that 
44 the results obtained by Usherwood, although interesting and 
useful, are approximate only. 55 * Since results of moderate pre¬ 
cision were all that the author attempted to obtain, no exception 
could be taken to this statement were it not made in association 
with comments relating to the author’s experimental procedure 
which are without foundation in fact, and are apparently intended 
to suggest a want of care. Thus, Partington and Carroll state: 
4C The gas used, obtained by the action of dilute sulphuric acid on 
potassium cyanide,f scarcely fulfils the purity requirements required 
for the determination of physical constants.” It was, however, 
made clear in the original experimental description ( loc . cit., p. 1609), 
and may again be emphasised, that the “gas used” was not, as 
this sentence implies, taken straight from the generating apparatus 
into the sound-tube, but was first liquefied, dried, fractionated until 
its boiling point was constant, and frozen, before use. A specimen 
of hydrocyanic acid, prepared by this method, has recently been 
sent for the determination of physical constants to another worker, 
who reports that he has found it satisfactory. Another similar 
criticism is that the author made no mention of “ precautions taken 
to prevent contamination of the vapour by air, due to leakage into 
the apparatus.” It is true that since the elementary precaution 
of ensuring that an apparatus is gas-tight is not peculiar to the 
experiments described, it was omitted from the experimental 
description. It may now be stated, however, (a) that the apparatus 
was tested for leakage before and after every experiment, (6) that 
(excepting in preliminary experiments which were not published) 
no leakage was found, (c) that the arrangement was such that if 
there had been a leak hydrocyanic acid would have passed into 
the air, not vice versa. 

The second main criticism offered by Partington and Carroll is 
that the results obtained by the author are due not* as was suggested, 
to the thermal effect accompanying isomeric change, but to the 
thermal effect accompanying polymerisation, the occurrence of 
which, in the vapour of hydrocyanic acid, is, according to Partington 
and Carroll, indicated by the author’s measurements of its density. 

* This conclusion is not, as might perhaps be thought, based on any 
obvious disagreement between the author's results and those of Partington 
and Carroll; nor do these authors claim that their measurements are of 
superior precision, although they may well be, having evidently been com 
ducted with great care and attention to detail. They were carried out at 
the ordinary temperature and under reduced pressures, whereas the author’s 
observations were made at elevated temperatures. 

f It was actually pure sodium cyanide, as appears from the description 
given (loc. tit*, p. 1609). 
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These measurements showed that, although above about 170 , 
the density is normal (ideal) to within the limits of experimental 
error (estimated as 0-2%), on approaching the point of liquefaction 
substantially higher densities obtain, the value at the lowest tem¬ 
perature investigated being nearly 4% above the theoretical. This 
type of behaviour is, of course, well known. Vapour densities 
about 3—6% higher than the theoretical were observed by S. Young 
(Proc. Boy . Soc . Dublin, 1910, 12, 374) for a great variety of sub¬ 
stances, including many, such as fluorobenzene, benzene, hexane, 
pentane, etc., which could not be suspected of any noteworthy 
tendency to polymerise. The inert gases exhibit the same charac¬ 
teristic. Partington and Carroll, however, regard such density 
values as indicating in the case of hydrocyanic acid, not deviations 
from the gas laws, that is, deviations due to molecular attraction 
and molecular size (the a and b of van der Waals), but polymer¬ 
isation. Thus the observed 4% excess over the theoretical density 
is interpreted as indicating that approximately 8% of the molecules 
have combined to form (HCN) 2 . This view of vapour density 
results appears to the author entirely contrary to accepted prin¬ 
ciples. If it were valid, the continuity of state would demand that 
compressed gases and even ordinary liquids (the densities of which 
at N.T.P may be thousands of times their ideal vapour densities) 
must consist principally of enormously polymerised molecules, 
indeed there would be no such thing as a non-associated liquid. 
In contradistinction to this view, the author wishes to maintain 
that, since hydrocyanic acid behaves, in regard to vapour density, 
similarly to numerous other substances, including inert gases and 
paraffin hydrocarbons, which are non-associated even in the liguid 
state, and can therefore safely be assumed to be non-associated as 
vapour, the densities observed in the case of hydrocyanic acid 
vapour near the point of liquefaction are to be interpreted, not as 
proving association, but as effects due to departure from the con¬ 
dition (point-molecules without attraction) imagined in an ideal gas. 
Partington and Carroll refer to the “ association 99 of water vapour 
as an established fact, and certainly, since liquid water is markedly 
associated, its vapour would be expected to afford a particularly 
favourable case for the detection of association in the gaseous state. 
Yet Kendall ( J . Amer. Chew. Soc., 1920, 42, 2477; compare 
Menzies, ibid „ 1921, 43, 851) has proved conclusively that, despite 
its enhanced density, the degree of association of water vapour, if 
not zero, is at any rate so small that the most accurate available 
measurements fail to show it. Numerous other cases in which 
density results had previously been interpreted as indicating asso¬ 
ciation in the vapour have been shown by Kendall and Menzies 
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to be completely accounted for by deviations from the gas 
laws.* 

The University, Leeds. [ Received , November 6th , 1925.] 


VIII .—Resolution of dl -Dicentrine. 

By Robert Downs Haworth, William Henry Perrin, jun., 
and John Rankin. 

In a previous communication (J., 1925, 127, 2018), the synthesis 
of a eZZ-base, C 20 H 21 O 4 N, having the constitution 



suggested by Gadamer (Arch. Pharm., 1911, 249, 701) for dicentrine 
is described and it was pointed out that the synthetical base exhibits 
a series of colour reactions identical with those described by Asahina 
(Arch. Pharm., 1909, 247, 206) as characteristic of naturally occur¬ 
ring ^-dicentrine. It has now been found that the <ZZ-base may be 
readily resolved into its d- and Z-modifications by means of tartaric 
acid under conditions similar to those employed by Gadamer 
(loc. cit., p. 688) for the resolution of cZZ-glaucine. The d- and 
Z-modifications crystallise well from ether, melt at 169°, and have 
Wd + 64*1° and — 63-5°, respectively. 

* Partington and Carroll calculate that at the critical point hydrocyanic 
acid must “ consist almost entirely of double molecules.” On similar 
principles, argon at the critical point should mainly consist of A a . On the 
other hand, the possibility of association near the critical point (i.e. t under 
high pressure) must be admitted in the case of substances which are associated 
as liquids, and hence critical data must be used with caution in such cases. 

Partington and Carroll’s remaining criticisms relate principally to the 
author’s method of calculating the results. Por instance, they propose 
correcting for the variation with temperature of the specific heats of air; 
a correction which was omitted, since it makes a difference of only about 
3 units in the fourth significant figure. They also suggest an alternative 
method (based on “ calculated ” critical data) for correcting for deviations 
from the gas laws, hut later in their paper declare it to he unjustified for 
the reason given above. Bredig and Teichmann (Z. Elektrochem., 1925, 31, 
449) observed critical data in fairly good agreement with those used by 
Partington and Carroll, but near the critical point a curved “rectilinear 
diameter ” was obtained, which may indicate appreciable association under 
these conditions (Guye, Arch . Sci. phys* not., 1894, 31, 38). 
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These constants agree closely with those assigned to dicentrine 
by Asahina (loc. cit ; m. p. 168—169°; [a] D + 62*7°) and a direct 
comparison of the rf-base with a specimen of cZ-dicentrine which 
Professor Gadamer kindly sent us definitely established identity. 

Experimental. 

dZ-Dicentrine was prepared in the way described in our earlier 
communication (loc. cit.). Commencing with 30 g. of homo- 
veratroylhomopiperonylamine, 7-5 g. of the dihydrochlor^e of 
G'-aminoveratrylhydrohydrastinine were obtained and this jnelded 
1*3 g. of pure dZ-dicentrine, m. p. 181° (corr.). 

In an attempt to devise an alternative method for the preparation 
of 6' - nitroveratrylhydrohydrastinine, 6' - nitroveratrylnorhydro- 
hydrastinine (1*5 g.), water (7 c.c.), 40% formalin (0*5 c.c.), and 
anhydrous formic acid (0*8 c.c.) were heated for 6 hours at 160—170° 
in a sealed tube. The contents of the tube were diluted with water, 
and the pale yellow needles collected and recrystallised from alcohol 
(m. p. 119°) and identified as 6-nitrohomoveratrole. The acid 
solution was made alkaline with sodium hydroxide, allowed to 
remain for 24 hours, the precipitate collected, washed with water 
and crystallised from petroleum (b. p. 40—60°), separating in 
colourless plates, m. p. 56—58° (Found : C, 68*9; H, 6*7. Calc, 
for C n H 13 0 2 N, C, 69*1; H, 6*8%). The identity of this substance 
with hydrohydrastinine was confirmed by the preparation of the 
methiodide, which crystallised from methyl alcohol in colourless, 
rhombic prisms, m. p. 229°, and by the fact that on oxidation with 
iodine a solution was obtained which exhibited the characteristic 
hydrastinine fluorescence. The formation of 6-nitrohomoveratrole 
and hydrohydrastinine under the influence of formaldehyde and 
formio acid involves a reduction, a methylation, and a scission of 
the molecule of a kind similar to that observed by Hope and Robin¬ 
son (J., 1911, 99, 2114) when they obtained 2 • 6-dinitrotoluene and 
cotarnine by heating anhydrocotamine-2 : 6-dinitrotoluene with 
glacial acetic acid. 

Resolution of dl-Dicentrme .—A 2A-absolute alcoholic solution of 
d-tartaric acid (0*6 c.c.) was added slowly to a solution of dZ-di- 
centrine (0*5 g.) in absolute alcohol (25 c.c.) until a faint acid reaction 
was observed towards litmus. The clear tartrate solution was 
converted into the hydrogen tartrate by the gradual addition of a 
further quantity of d -tartaric acid (0*6 c.c.); an amorphous pre¬ 
cipitate then separated which redissolved on gently warming. On 
vigorously scratching, Z-dicentrine hydrogen ^-tartrate (0*2 g.) separ¬ 
ated from the warm solution in small crystals which, after cooling, 
were collected and washed with alcohol. 
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The filtrate^and washings were evaporated to dryness, the gummy 
residue dissolved in water, the bases liberated by the addition of 
sodium hydroxide, extracted with ether, the extract dried, and 
the ether removed. The residue (0*37 g.) was dissolved in absolute 
alcohol (20 c.c.) and titrated with a 2^-absolute alcoholic solution 
of Z-tartaric acid (0*45 c.c.) * until a faint acid reaction was obtained. 
The clear solution was then treated with a further quantity of 
Z-tartaric acid (0*45 c.c.); an amorphous precipitate then separated 
which redissolved on gently warming. cZ-Dieentrine hydrogen 
Z-tartrate (0*2 g.) separated, on scratching, as a crystalline powder, 
which was collected and washed with alcohol. 

The salts in the filtrate and washings were reconverted into base 
and the treatment with d- and Z-tartaric acid was repeated under the 
same conditions, when further quantities of Z-dieentrine hydrogen 
cZ-tartrate (0*1 g.) and eZ-dicentrine hydrogen Z-tartrate (0*1 g.) 
were obtained. 

Both 1 -dicentrine hydrogen d-tartrate and d-dicentrine hydrogen 
1 -tartrate are soluble in water but almost insoluble in alcohol, and 
both crystallise from alcohol containing a little water in colourless, 
nodular masses. 

d-Dicentrine was obtained by dissolving the recrystallised d-di- 
centrine hydrogen Z-tartrate in water, making slightly alkaline with 
sodium hydroxide, extracting with ether, drying over anhydrous 
sodium sulphate, and concentrating the filtered ethereal solution, 
when eZ-dicentrine separated in long, colourless prisms, m. p#>169° 
(corr.). When mixed with a specimen of the cZ-dicentrine obtained 
from Professor Gadamer, no alteration in m. p. was observed. In 
chloroform solution : Z = 1, c = 1*433; o$ # = 0*92°, whence 

MIT = + 64*1°, eZ-Dicentrine is readily soluble in alcohol, ethyl 
acetate, and benzene, almost insoluble in petroleum, and is more 
soluble in ether than eZZ-dicentrine. It is readily soluble in chloro¬ 
form, the solution gradually becoming yellow (compare Asahina, 
loc. tit.). The recovery of the base from the chloroform solutions 
used for optical measurements is a wasteful process, because when 
the solutions are concentrated a double compound insoluble in 
ether separates. This can be decomposed by the addition of a little 
methyl-alcoholic potassium hydroxide and the cZ-dicentrine crystal¬ 
lised from ether, when it is recovered as prisms (m, p. 169°), which, 
however, are always yellow. 

l-Dicentrine was obtained from recrystallised Z-dicentrine 
hydrogen d- tartrate exactly as described in the case of the cZ-base. 
It crystallises from ether in long, colourless prisms, m. p. 169° 

* Our thanks are due to Sir W. J. Pope for the Z-tartaric acid used in 
these experiments# , 
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(corr.). When mixed in about equal proportions with a specimen 
of d-dicentrine, the mixture softens at 168°, but does not melt 
completely until about 178°, In chloroform : l = 1, c = 1*700, 
ag* = — 1*08°, whence [«]$“ = — 63*5°. Z-Dicentrine resembles the 
d-base in its behaviour towards solvents and is recovered as yellow 
prisms, m. p. 169°, from a chloroform solution. 

One of us (R. D. H.) is indebted to the Commissioners of the 1851 
Exhibition for a studentship which has enabled him to take part in 
this research, and to the Research Fund Committee of the Chemical 
Society for a grant which has defrayed some of the expenses of 
the investigation 

Dyson Perkins Laboratory, 

Oxford. [Received, November 21 st, 1925,] 


IX .—Synthetical Experiments in the iso Quinoline 
Group . Part VI. A Synthesis of Derivatives of 
Paraberine .* 


By Ray Campbell, Robert Downs Haworth, and William 
Henry Perkin, jun. 


The careful investigation of the alkaloids of the palmatine, ber- 
berine, corydaline type has not only demonstrated their fcsoquinoline 
structure, but has* also shown that they are all built up on the same 
curious “ angular ” skeleton (I), a point which is made clear when 
the formula of berberine or, still better, of tetrahydroberberine (II) 
is written alongside. 


(I.) 


co9 


MeOl 


O—,CH, 

. rV 

(XX)' 


CH* 


/ (II.) 

JCH 0 


MeO CH 2 CH, 


Furthermore, the alkaloids cryptopine, protopine, and P-homo- 
chelidonine, although containing a ten-membered ring, are readily 

* The Editor suggests that the substance 


CH CH CH CH 



should be named “ paraberine” 
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converted into quaternary salts, such as isocryptopine chloride, 
which again are derived from the skeleton (I). It is not clear why 
this particular angular structure should be selected as the basis 
of so many of the naturally occurring alkaloids, unless indeed it be 
that substances of this type are particularly amenable to synthesis. 
In order to obtain evidence on this point, it appeared to us that it 
would be of interest to synthesise an alkaloid of the paraberine 
type containing in the place of (I) the “ linear ” skeleton (331) and 
to compare the ease of formation and general properties of such a 
substance with those of the alkaloids met with in nature. 


ch 2 ch 2 



It will be seen from the experimental section of this commun¬ 
ication that, although we were ultimately successful in construct¬ 
ing an alkaloid (IV) derived from the skeleton (III), the smallness 
of the yields at several stages made the completion of the synthesis 
a particularly difficult one. It is quite clear to us that substances 
of the angular type (I) are much more readily synthesised, under the 
conditions we have employed in this series of researches, than those 
of the linear type (III), and this fact may have some bearing on 
the occurrence of the angular type in nature. In attempting to 
synthesise (IV), the most obvious starting point was 6 : 7-dimethoxy- 

4-dihydro^oquinolone, 0 6 H 2 (0Me) 2 <C^ but we were unable 

to obtain this substance either from co-aminoacetoveratrone, 
(MeO) 2 C 6 H 3 *CO-CH 2 -NH 2 , by the action of formalin or from the 
if-formyl derivative of the base by treatment with phosphorus 
oxychloride. Moreover, N -phenacetyl- co-aminoacetoveratrone 
(Robinson, J., 1909, 95, 2167), on treatment with phosphorus 
oxychloride, yielded not the isoquinoline derivative but 5-veratryl- 
2-benzyloxazole (m. p. 86°), which Robinson had obtained from 
the phenacetyl derivative by the action of sulphuric acid. This 
failure to close the isoquinoline ring seems to indicate that it is 
the carbonyl group in «-aminoacetoveratrone which inhibits ring 
formation, because when this group is replaced by >C33 2 or >CH*OH 
isoquinoline derivatives may be readily obtained (Pictet and Gams, 
Ber., 1909, 42, 2943; Decker, Annalen, 1913, 395, 299). After 
many other unsuccessful attempts, we ultimately succeeded, with 
the aid of the following scheme, in synthesising 2 iZ-methylene- 
dioxy- 11: \%~dimethoxy-§ ; 15 :16 : \14etrahydrcyparabenne (IV). 

, 3 : 4-Dimethoxyphenyl 3 : 4-methylenedioxystyryl ketone (V), 

0 
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prepared from acetoveratrone and piperonal by Bargellini and 
Monti’s method ( Qazzetta , 1914, 44, ii, 25), was reduced by hydrogen 
in the presence of colloidal palladium to 3: i-dimethoxyphenyl 
3 : 4k-methylenedioxy-$-phenylethyl Tcetone, which, on treatment with 
methyl nitrite and sodium ethoxide, yielded the isomiroso-derivative 
(VI). 


CO CH 



CO CHj 

MeO/\/\c/V / 

Me0 \/ n-oh^ 


Io> ch 2 


(V.) 


(VI.) 


The reduction of this isonitroso-derivative to 3 :4 -dimethoxy- 
phenyl 3: 4:-methylenedioxy-$-phenyl~a-aminoethyl ketone (VII) 
proved to be a troublesome operation. When alkaline reducing 
agents were employed, the pyrazine derivative (VIII) was produced 
as the result of condensation between two molecules of the base 
(VII) followed by spontaneous oxidation. Eventually the amine 
(VII) was obtained by reducing the isonitroso-derivative (VI) with 
stannous chloride, but in order to obtain even approximately good 
yields the conditions described on p. 38 must be exactly followed. 



N 

/% 

(VIII ) (CH 2 0 2 )C 6 H 3 .CH 2 .C C-C 6 H 3 (OMe) 2 

(MeO) 2 C 6 H 3 *C C-CH 2 -C 6 H 3 (0 2 CH 2 ) 

Y 

The amine (VII) condenses readily with formalin and hydro¬ 
chloric acid to give 6 : 7 -methyhnedioxy-Z~(Z' : 4' -dimethoxybenzoyl)* 
1:2:3: 4z-tetrahydroi$oquinoline (IX), the hydrochloride , oxime , 
picrate, and benzoyl derivative of which have been prepared. When 
the base (IX) is oxidised with iodine, it is converted into 6 :7- 
methylenedioxy-Z-(¥ : 4:'-dirnethoxybenzoyl)iBoquinoline (X), which is 
closely related to papaveraldine in structure and properties. It is a 
weak tertiary base yielding pale yellow salts which are slowly 
dissociated by water. On fusion with potassium hydroxide, it is 
decomposed and veratric acid has been isolated from the product, 
but the basic residue could not be identified, as it was no doubt 
destroyed during the fusion owing to disruption of the methylene- 
dioxy-group. The formation of veratric acid is, however, welcome 
confirmation of the validity of the structures (IX) and (X) and it is 
evident that when the amine (VII) is condensed with formalin it 
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is again the >CO group which inhibits ring closure with the veratiyl 
nucleus. 


CO CH 2 CO 

k(X x §hC(>^ xOXO^ 


ch 2 

(IX.) 


K/' 

(X.) 


The base (X), on reduction with zinc dust and acetic acid, yields 
6 : 7 -methylenedioxy-Z-(&-hydroxy-Z' : 4: r -dimethoxybenzyl)is>oquinoline 
(XI), a secondary alcohol which shows reactions similar to those of 
papaverinol, When treated with hydrobromie acid and zinc dust 
(compare Buck, Perkin, and Stevens, J., 1925, 127, 1471), it yielded 
an oily base the crystalline picrate of which gave analytical figures 
agreeing with those required for the picrate of 6 : l-methylenedioxy-S- 
(3': 4' ~dimethoxybenzyl)i&oquinoline (XII), but owing to the small 
amount of material at our disposal we were unable to isolate the 
base in a pure state. 


CH(OH) 


CH 9 


MeO j / \ / Y\ / No- >CH MeO/YYYNo^^™- 

(XI.) (XII.) 


The reduction of the substances (IX), (X), and (XI) to 6: 7- 
methylenedioxy- 3-(3' : 4c r -dimethoxybenzyl )-1 ; 2 : 3 : 4:4etrahydroim- 
quinoline (XIII) proved to be a very difficult operation. Reducing 
agents such as sodium amalgam, zinc and sulphuric acid, as well as 
electrolytic reduction in the cold, led to the formation of amorphous 
bases. Since an exactly similar series of substances was obtained 
from papaveraldine and papaverinol under the same conditions, we 
are of the opinion that these amorphous bases are of the type (XIV). 

CH 2 ch 2 

k(YXX)° > ch * 

ch 2 

CH(OH)CH 2 

■<*"" ssO^ssOO 8 ^...-' 

ch 2 

Freund and Beck (Ber., 1904, 37, 3321) obtained an amorphous 
base, which they named “ isotetrahydropapaverine,” by the 
electrolytic reduction of papaveraldine in hot dilute sulphuric acid, 

o 2 
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but Pyman (J., 1909, 95, 1610) showed that their base is identical 
•with tetrahydropapaverine prepared by reducing papaverine with 
tin and hydrochloric acid. We have confirmed the identity of the 
two preparations by a careful comparison of the hydrochlorides, 
hydriodides, and nitrosoamines. When we applied the conditions 
employed by Freund and Beck to the electrolysis of the substance 
(X), we obtained the base (XIII) corresponding with tetrahydro¬ 
papaverine. It is remarkable that this also is amorphous, but it 
yields a well-crystallised hydrochloride , hydriodide , and nitrosoamine . 

The base (XIII) is converted into 2 : %-methylenedioxy- 11 :12- 
dimethoxy- 6 :15 :16 :17 -tetrahydroparaberine (IV) by the action of 
formalin and hydrochloric acid, but the yield is extremely small and 
modifications of the process did not lead to any improvement. This 
experience appears to indicate that the system of rings (III) is 
produced only with difficulty and when compared with the ease of 
formation of substances of the tetrahydroberberine type under the 
same conditions clearly emphasises the greater tendency towards 
angular ring formation (I) (compare Lellmann and Schmidt, Ber., 
1887, 20, 3154; von Braun, ibid., 1922, 55, 1710; Mayer and 
Schnecko, ibid., 1923, 56, 1408). 

In spite of the poor yield we have been able to examine the 
properties of the base (IV) in some important directions. It was to 
be expected that, owing to analogy in constitution, the base (IV) 
would exhibit properties closely allied to those of tetrahydrober¬ 
berine and still more to those of tetrahydro-^-berberine (Haworth, 
Perkin, and Rankin, J., 1924, 125, 1696). The latter two are 
characterised by the facility with which they crystallise as well as 
by the sparing solubility of their salts. But the most striking 
characteristic is their behaviour on oxidation with iodine, when they 
yield quaternary salts such as berberinium iodide or ^-berberinium 
iodide (loc. cit, p. 1698) which are not decomposed by alkali with 
separation of a base. 



2 : 3-Methylenedioxy-ll ; 12-dimethoxy-6 : 15 ; 16 : 17-tetra- 
hydroparaberine (IV; m. p. 222°) resembles tetrahydroberberine 
(m. p; 168°) and tetrahydro-^-berberine (m. p. 177°) in being rather 
sparingly soluble and yielding sparingly soluble, beautifully crystal¬ 
line salts. The meihiodide (m. p. 268°), like tetrahydroberberine 
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metModide (m. p. 251°) and tetrahydxo-^-berberine metbiodide 
(m. p. 260°), exhibits remarkable stability to boiling alcoholic 
potassium hydroxide. On the other hand, when it is treated with 
iodine, base (IV) does not undergo a change corresponding with the 
conversion of tetrahydro-berberine or -^-berberine into the quater¬ 
nary berberinium salts. The product consists mainly of a bright 
yellow, crystalline hydriodide , C 20 H 19 O 4 N 3 HI } from which the 
corresponding hydrochloride is obtained by the action of silver chloride, 
and the latter, in contact with ammonia, is immediately decomposed 
with separation of an amorphous base, C 20 H 19 O 4 N, which is clearly 
a 2 : 3 -methylenedioxy- 11 :1 2-dimethoxydihydroparaberine (6 :17 or 
6 :15) having one or other of the constitutional formulae (XV and 
XVI). 


ch ca 

^kAAA >° 

CH* CH« 


>ch 2 


^-‘-‘■2 

(XV.) 


CBLCH 


Olio OHo 


*2 v-'xj.g 

(XVI.) 


The reason for this difference in behaviour is difficult to under¬ 
stand, since the formula of base (IV) contains the grouping which is 
responsible for the formation of berberinium salts in the berberine 
series. 

Experimental. 

3 : 4:-Dimethoxyphenyl 3 : 4c~Methylenedioxy-$-phenylethyl Ketone,— 
3 : 4-Dimethoxyphenyl 3 : 4-methylenedioxystyryl ketone (V) was 
obtained in quantitative yield from piperonal and acetoveratrone 
under the conditions described by Bargellini and Monti (foe. cit,), 
but in reducing large quantities of this substance the following 
method is more suitable than that of the above-mentioned investig¬ 
ators. The styryl ketone (50 g.), glacial acetic acid (500 c.c.), 3% 
palladium chloride (15 c.c.), and gum arable (0*5 g. in a little water) 
were introduced into a flask, connected to the hydrogen supply and 
immersed in a water-bath at 50—60°. The flask was fitted with a 
vigorously acting air-tight mechanical stirrer, the air displaced, and 
the mixture stirred, when a rapid absorption of hydrogen took place 
for 2 hours. The hot, colourless solution was filtered, most of the 
solvent removed, with the aid of a column, under diminished 
pressure, and methyl alcohol added, when the residue set to a mass 
of white crystals (41 g,); these crystallised from methyl alcohol 
in white, wooEy needles, m. p. 102—103° (B. and M., foe. cih, give 
98—100°). The oxime , prepared by boiling the phenylethyl ketone 
with potassium acetate and hydroxylamine hydrochloride in alcoholic 
solution, crystallised from aqueous alcohol in slender needles, m. p. 
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119—121°. The isomtfroso-derivative (VI) was obtained by adding 
the phenylethyl ketone (10 g.) to boiling alcohol (200 c.c.) in which 
sodium (2*5 g.) had been dissolved. The hot solution was treated 
with a stream of dry methyl nitrite (Slater, J., 1920, 117, 587), 
cooled, completely saturated with methyl nitrite, and kept in a 
stoppered flask for 12 hours at the room temperature, when a small 
amount of solid separated. Most of the alcohol was removed under 
diminished pressure, the residue diluted with water, and impurities 
extracted with benzene. Air was drawn through the aqueous layer, 
which was then rendered slightly acid with acetic acid, the precipi¬ 
tate collected,* dried (8 g.), and crystallised from aqueous acetic 
acid, separating in colourless needles, m. p. 137° (Found : C, 62-9; 
H, 5-1; N, 4*3. C 18 H 17 0 6 N requires 0, 62-9; H, 5-0; N, 4*1%). 
This isonitroso-derivative is soluble in alcohol, chloroform, or ethyl 
acetate, slightly soluble in ether, and sparingly soluble in water 
or petroleum. An attempt to reduce it with zinc dust and acetic 
acid at 60° led to the regeneration of the phenylethyl ketone (m. p. 
102—103°). 

3 : 4:-Dimethoxyphenyl 3 : 4- Af ethylenedioxy- (3 -phenyl- a- aminoethyl 
Ketone (VII).—Anhydrous stannous chloride (56 g.) dissolved in 
absolute alcohol (300 c.c.) was saturated with dry hydrogen chloride 
at —10°, the finely powdered ^onitroso-derivative (40 g.) added, and 
the solution again saturated with hydrogen chloride at -—10°. 
After remaining over-night, the crystalline stannichhride of the 
base (VII) which had separated was collected, dissolved in water, 
decomposed with hydrogen sulphide, filtered, and the filtrate con¬ 
centrated until the hydrochloride separated as an oil which rapidly 
hardened. This (40 g.) was crystallised from a mixture of alcohol 
and ether, separating in slender, colourless needles, m. p. 218—219° 
(decomp.) (Found: C, 59*5; H, 5*5. C 18 H 18 0 5 KT,HC1 requires 
0, 59*9; H, 5*5%). This hydrochloride is sparingly soluble in cold 
alcohol, but dissolves readily in water or warm alcohol. The 
picrate was prepared in alcoholic solution and crystallised from 
alcohol in yellow needles, m. p. 213° (Found: C, 51*7; H, 4*1. 

requires 0, 51*6; H, 3*9%). When sodium hydroxide 
is added to the aqueous solution of the hydrochloride, a turbid 
solution is first produced and after some time a brown, sticky solid 
separates which is evidently produced by the base undergoing 
condensation and oxidation to the pyrazine (VIII). 

The pyrazine (VIII) is best prepared by stirring a solution of the 
isonitroso-derivative (VI) in sodium hydroxide with zinc dust 

* The mother-liquors contain a little wonitroso-compound together with 
some veratric acid, evidently produced by the hydrolysis of some of the 
isonitroso-derivative. 
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for 3 hours at the room temperature. The sticky solid which 
separates is extracted with chloroform, dried, the solvent removed, 
and the syrup crystallised from a mixture of alcohol and chloroform, 
when pale yellow needles, m. p. 205°, are obtained (Found : C, 69*0; 
H, 5*2. C 36 H 32 0 8 N 2 requires C, 69-6; H, 5-2%). This pyrazine 
is insoluble in alkali and is a weak base dissolving in concentrated 
hydrochloric acid, from which it is precipitated by dilution with 
water. 

6:7- Methylenedioxy-3 - (3' : 4'- dimethoxybenzoyl) -1 : 2 : 3 : 4- 
tetrahydroisoquinoline (IX).—A solution of the hydrochloride of the 
amine (VII) (2 g.) in methyl alcohol (25 c.c.) and 40% formalin 
(5 c.c.) was decomposed with sodium bicarbonate, boiled for 20 
minutes, diluted with water, and the reddish-brown condensation 
product collected, washed free from formalin, and digested on the 
steam-bath with 20% hydrochloric acid. The mass dissolved and in 
a few minutes the hydrochloride of the base (IX) began to separate, 
the quantity increasing during 20 minutes. The mixture was 
cooled, the hydrochloride collected, washed with water, and re- 
crystallised from very dilute hydrochloric acid. It was then 
dissolved in water and the base liberated by the addition of ammonia, 
collected, and crystallised from ethyl alcohol, from which it separates 
in rosettes of almost colourless needles, m. p. 137° (Found : C, 67-2; 
H, 5*7. C 19 H 19 0 5 N requires C, 66*9; H, 5*5%). The base (IX) is 
readily soluble in chloroform, acetone, hot alcohol, or hot benzene, 
and sparingly soluble in ether, petroleum, cold alcohol, or cold 
benzene. It dissolves in concentrated sulphuric acid to a pale 
yellow solution, which becomes blood-red on the addition of a crystal 
of potassium nitrate. The hydrochloride crystallises from very 
dilute hydrochloric acid in slender needles containing water of 
crystallisation, which is lost at 115—120°. The hydrated salt is 
very soluble in alcohol and the addition of ether to an alcoholic 
solution precipitates the anhydrous hydrochloride in fine needles, 
m. p. 232—234° (decomp.), which are now insoluble in alcohol. 
The hydrated salt dried at 120° lost 9*7% H 2 0; C 19 H 20 O 6 NCl,2H 2 O 
requires H a O, 8*7% (Found: C, 60*0; H, 5*5. C 19 H^0 6 NCi 
requires C, 60*4; H, 5-3%)* The benzoyl derivative, obtained by 
the action of benzoyl chloride and sodium hydroxide on a solution 
of the hydrochloride, crystallises from alcohol in long, slender 
needles, m. p. 187—188° (Found: 0, 69*7; H, 5*2. 
requires C, 70*1; H, 5*2%). Th epicrate, prepared from an alcoholic 
solution of the hydrochloride, crystallises from alcohol in yellow 
needles containing solvent of crystallisation, m. p. 157—158° 
(decomp.) (Found: C, 50*9; H, 4*5. C^H^O^^HgO requires 
C, 50*9; H, 4*1%). The oxime was obtained by heating the hydro- 
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chloride with hydroxylamine hydrochloride for 1 hour in pyridine 
solution. The mixture was diluted with water and saturated 
with carbon dioxide; the oxime then slowly separated in needles, 
m. p. 205—209° (decomp.). 

6 : 7-Methylenedioxy-Z-(Z ': &'-dimethoxybenzoyl)]soquinoline (X).— 
The base (IX) (2 g.) was dissolved in ethyl alcohol (50 c.c.) con¬ 
taining potassium acetate (2 g.) and the solution boiled for | hour 
during the gradual addition of a 2% alcoholic solution of iodine 
(200 c.c.). On cooling, a mass of crystals separated which were 
collected, washed with sulphurous acid, water, and alcohol and 
crystallised from 50% alcoholic glacial acetic acid, separating in 
colourless needles, m.’p. 222° (Found : C, 67*1; H, 4*5. 0 19 H 15 0 6 N 
requires 0, 67-6; H, 4*4%). This substance (X) is sparingly 
soluble in alcohol, but readily soluble in glacial acetic acid or chloro¬ 
form. It is insoluble in water, but dissolves in warm dilute hydro¬ 
chloric acid to a yellow solution, from which the free base separates 
on cooling. The sulphate, crystallises from 20% sulphuric acid in 
pale yellow plates which slowly dissociate on washing with water. 
The oxime was obtained by boding an alcoholic solution of the base 
(X) with hydroxylamine hydrochloride and potassium acetate for 
8 hours. The solid was collected and washed with water, when the 
oxime remained as slender, colourless needles, m. p. 234—236° 
(decomp.). The base (X) (1 g.) was fused at 180° with potassium 
hydroxide (10 g.) and a little water. After 5 minutes the brown mass 
was dissolved in water, the black solution saturated with carbon 
dioxide, and the brown, amorphous precipitate collected. The 
filtrate was acidified, extracted with chloroform, the extract dried, 
and the solvent removed, when a brown solid remained. This was 
warmed with sodium bicarbonate solution, filtered, the filtrate 
acidified, the solid collected and crystallised from hot water con¬ 
taining animal charcoal, when needles, m. p. 178°, were obtained 
which were identified as veratric acid. 

6:7- Methylenedioxy - 3 - (a - hydroxy - 3': 4' - dimetkoxybemyl) iso- 
guinoline (XI).—The substance (X) (2 g.) dissolved in glacial acetio 
acid (20 c.c.) was heated on a water-bath during the gradual addition 
of zinc dust (0-4 g.). After 4 hours, the solution was filtered, the 
filtrate diluted with water, allowed to remain for some time, and the 
small precipitate of unchanged (X) removed. The filtrate was 
saturated with hydrogen sulphide, the zinc sulphide removed, the 
filtrate concentrated and made alkali n e with concentrated ammonia, 
when a sticky solid separated which gradually hardened. This 
was collected, and crystallised from alcohol in colourless needles, 
m. p, 153° (Found; C, 67*4; H, 5*1. 0 19 H 17 0^N requires C, 67*3; 
H, 5*0%). This base (XI) is insoluble in water, sparingly soluble 
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in cold alcohol, but readily soluble in hot alcohol, acetone, or 
chloroform. It dissolves in concentrated sulphuric acid to a magenta- 
coloured solution, which becomes deep green on the addition of a 
crystal of potassium nitrate. The picrate separated as an oil 
which rapidly hardened when an alcoholic solution of the base (XI) 
was treated with picric acid. It crystallises from much alcohol in 
yellow needles which darken at 183° and melt at 195° (decomp.) 
(Found : C, 53*1; H, 3*7. C 25 H 20 O 12 N 4 requires C, 52*8; H, 3*5%). 

6; 7-Methylenedioxy-%-(Z f : 4' -dimethoxybenzyl)isoquinoline (XII).— 
The base (XI) (0-5 g.) was allowed to remain for 12 hours ill glacial 
acetic acid (5 c.c.) saturated with hydrogen bromide. The solution 
was then heated to 30°, stirred, and excess of zinc dust added slowly 
during 3 hours. After filtration, the solution was diluted with 
water (50 c.c.), made alkaline with ammonia, extracted with chloro¬ 
form, the extract dried and concentrated, when a thick syrup was 
obtained which did not crystallise. The picrate was prepared in 
alcoholic solution and crystallised from much alcohol in yellow 
needles, m. p. 206—-207° (Found: C, 53*9; H, 3*7, C 25 H 20 O u lSr 4 
requires 0, 54-3; H, 3*6%). All attempts to decompose thepicrate 
by digesting with ammonia or sodium hydroxide were unsuccessful. 

6 : l-Methylenedioxy-%-{3' : 4' -dimethoxybenzyiyi : 2 : 3 : 4 4etra- 
hydroisoquinoline (XIII).—The substance (X) (4 g.) was suspended 
in 10% sulphuric acid (200 c.c.) and placed in an enamelled metal 
can, which constituted the cathode compartment of an electrolytic 
cell. The solution was heated to 90—95° and subjected to a current 
of 10 amperes, when the suspended sulphate gradually dissolved to 
a yellow solution which became colourless after 2 hours* The hot 
solution was filtered, made alkaline with strong ammonia, and 
extracted with chloroform; a red syrup remained on removing the 
solvent. This was extracted with boiling dilute hydrochloric acid, 
the solution filtered, and the filtrate treated with solid potassium 
iodide, when a sticky hydriodide separated which gradually hardened 
on cooling. This separated from alcohol, in which it was sparingly 
soluble, in small crystals, m. p. 226° (decomp.) (Found : C, 50*2; 
H, 5*0. C 19 H 21 0 4 N,HI requires C, 50*1; H, 4*8%). The hydro - 
chloride , obtained by digesting an aqueous solution of the hydriodide 
with silver chloride, crystallised from alcohol in small needles, 
m. p. 220—222° (decomp.). The nitrosoamine separated, on the 
addition of sodium nitrite to a solution of the hydrochloride, as an 
oil which hardened, and crystallised from alcohol in short needles, 
m. p* 128° (Found ; C, 63-8; H, 5*7. requires C, 

64*0 ; H, 5*6%). 

2 : Z-Methylmedioxy-ll : 12-dimeffioxy~6 : 15 :16 ; \14etrahydro* 
paraberine (IV),—The hydriodide of the base (XIII) (2 g.), dissolved 

o* 
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in methyl alcohol (10 c.c.), was decomposed with sodium bicar¬ 
bonate and boiled for a few minutes with 40% formalin solution 
(10 c.c.), The mixture was cooled, diluted with water, sodium 
chloride added, and the solution decanted from the semi-solid mass 
which had separated. The latter was well washed with water, 
digested with concentrated hydrochloric acid (10 c.c.) on the steam- 
bath for a few minutes, diluted with water, and made alkaline with 
ammonia; an oil then separated which rapidly hardened. This 
was collected, triturated with methyl alcohol (15 c.c.), and the 
insoluble, colourless base (IV) (0*3 g.) collected and crystallised 
from benzene, from which it separated in small, colourless prisms, 
m. p. 221—222° (Found: C, 70*8; H, 6*4. C 20 H 21 O 4 N requires 
C, 70*8; H, 6*2%). The base (IV) is insoluble in water, sparingly 
soluble in ether, petroleum, or cold alcohol, moderately easily 
soluble in warm alcohol or benzene, and readily soluble in chloroform. 
The hydrochloride crystallises from water, in which it is fairly soluble, 
in small, colourless needles, m. p. 236—238°. The picrate, pre¬ 
pared in alcoholic solution, crystallises from alcohol in yellow 
nodules, m, p. 199—201° (decomp.) (Found: C, 54*5; H, 4*3. 
CgsH^Oj^lS^ requires C, 54*9; H, 4*2%). The methiodide was 
prepared by boiling a benzene solution of the base (IV) with an 
excess of methyl iodide for 1 hour, the solvent removed, and the 
residue crystallised from methyl alcohol, separating in large prisms, 
m. p. 268° (Found : C, 52*2; H, 5*2. C^H^NI requires C, 52*4; 
H, 5*0%). This methiodide was boiled with a large excess of 25% 
methyl-alcoholic potassium hydroxide for 6 hours, but, on cooling, 
crystals of the unchanged methiodide separated and no other 
substance could be isolated from the product. The methiodide was 
digested for 3 hours with an aqueous suspension of silver chloride 
and filtered, when the methochloride separated as a gelatinous 
precipitate, m. p. 260° (decomp.), from the filtrate. The metho- 
chloiide was recovered after boiling for 6 hours with 25% methyl- 
alcoholic potassium hydroxide. 

2 : Z-Methylenedioxy- 11: 12-dimethoxy-6 :17 or -6 : l5-dihydro~ 
paraberine (XV or XVI).—The base (IV) (1 g.), dissolved in alcohol 
(20 c.c.) containing potassium acetate (1 g.), was treated with a 1% 
alcoholic solution of iodine (200 c.c.). After boiling for \ hour, the 
mixture was cooled, and the crystal li ne periodide was collected and 
converted, by the action of sulphurous acid, into the bright yellow 
hydriodide; this was collected, boiled with water and the solution 
filtered hot. The residue consisted of a high-melting, orange- 
coloured hydriodide, the yield of which was too small to allow 
of detailed investigation. A small quantity, however, was con¬ 
verted into the hydrochloride by means of silver chloride, and this 
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gave an immediate precipitate with ammonia, showing that it was 
not a quaternary salt. The filtrate, on cooling, deposited pale 
yellow needles, m. p. 225—226° (Found: C, .51*5; H, 4*4. 
C 2 oH 19 0 4 N,HI requires C, 51*6; H, 4*3%). This hydriodide is 
sparingly soluble in cold water or cold alcohol, but moderately 
soluble in the warm solvents. The hydrochloride was obtained by 
digesting an aqueous solution of the hydriodide with silver chloride 
and separated from a little water in bright yellow needles which 
melted at 120° with loss of water of crystallisation. On drying at 
120°, it lost 11*5% H 2 0 (Found: C, 63*3; H, 5*5. C 20 H 19 O 4 N,HCl,JH 2 O 
requires C, 62*9; H, 5*5%). The base (XV or XVT) was 
obtained as a pale yellow, amorphous, gelatinous precipitate by the 
addition of ammonia to an aqueous solution of the hydrochloride, 
and was collected and dried. It was soluble in the usual organic 
solvents with the exception of petroleum, but it could not be obtained 
in the crystalline state. The addition of petroleum (b. p. 40—60°) 
to the dry ethereal solution precipitated the base as a pale yellow, 
amorphous powder melting indefinitely between 180° and 190° 
(Found: C, 70*9; H, 5*7. C 20 H 19 O 4 N requires 0, 71*2; H, 5*6%). 

One of us (R. C.) is indebted to the Trustees of the Earl Grey 
Memorial Fellowship of Armstrong College, Newcastle-on-Tyne, for 
a fellowship, and another (R. D. H.) to the Commissioners of the 
1851 Exhibition for a studentship. Our thanks are also due to 
the Research Fund Committee of the Chemical Society and to the 
Government Grant Committee of the Royal Society for grants which 
have defrayed some of the expense of this investigation. 

Dyson Perrins Laboratory, 

Oxford, [Received, November 21 st, 1925.] 


X.— Keto-enol Isomerism of Ethylenebisacetylacetone. 

By Gilbert T. Morgan and Cyril James Allan Taylor. 

In their reactions with inorganic reagents acetylacetone and its 
homologues exhibit the behaviour of three dynamic isomerides: 
(1) a diketonic form manifested in condensation with tellurium 
tetrachloride, (2) a trans-monoenolic form with selenium tetra¬ 
chloride, and (3) a cis-monoenolic modification with copper acetate, 
ferric chloride and other metallic salts (Morgan and Drew, J., 
1924, 125, 1044). 

Ordinary acetylacetone consists principally of enolic forms and 
in 1921 K. Meyer and Hopff, by distilling the diketone under 
reduced pressure in silica vessels, succeeded in separating the 

o* 2 
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enolic and koto-forms, which, however, reverted rapidly to the 
equihbrium mixture ( Ber 1921, 54, 579). 

With certain derivatives of acetylacetone the individual modi¬ 
fications are more stable. Thus Knoevenagel (Ber., 1903, 36, 2150) 
indicated two isomeric forms of methylenebisacetylacetone, one a 
solid and the other an oil, both of which developed deep violet 
colorations with ferric chloride. He regarded the oil as the dienol- 
ised form, since with ammonia it yielded diacetyldihydrolutidine, 
whereas the solid, which gave no dihydropyridine derivative with 
ammonia, he regarded as the monoenolised compound. 

Schiff claimed to have isolated no fewer than six isomeric varieties 
of benzylidenebisacetylacetone, namely, a keto-form, two mono- 
enols (cis and trans) and three dienols (dicis, d itrans and d$-tran$). 
He did not, however, characterise these various modifications 
(.Annalen , 1899, 309, 206). 

In the present communication, ethylenebisacetylaeetone, pre¬ 
pared by the condensation of sodium acetylacetone and ethylene 
dibromide, is shown to exist in at least three isomeric forms, which 
have been identified definitely as a keto-form (I), a monoenolic 
modification (H), and a dienolic variety (HI). 

ch 3 -go*9H-co*ch 3 ch 3 -co-c:c(OH)-ch 3 ch 3 *co*c:c(gh)*ch 3 

CHa (j)H 2 CH* 

CH 2 CH 2 CHg 

CH 3 *CO*CH*CO-CH 3 CH 3 -CO-CH-CO-CH 3 CH 3 -C0-C:C(0H)-CH 3 

(i.) cn.) (mo 

1. k&to-EthylenebisacetyUwetone (I) is a mobile, colourless liquid 
of high boiling point; its alcoholic solution only slowly develops 
a violet colour with ferric chloride. 

2. monoenol-Ethylenebisacetylacetone (H) is obtained in pris¬ 
matic crystals, m. p. 99°; its alcoholic solution develops instan¬ 
taneously a deep violet coloration with ferric chloride. 

3. dienol-Ethylenebisacetylacetone (HI) separates in cubical 
crystals, m. p. 140—143°, and reacts im m ediately with ferric 
chloride. This form is, however, less stable in air than the pre¬ 
ceding varieties and the melting point of the crystals soon falls to 
about 100—110°. 

The foregoing isomerides were characterised by an application 
of Meyer’s method for estimating the percentage of enolic modi¬ 
fication in a tautomeric substance such as acetylacetone ( Annalen , 
1911, 380, 212; 1913, 398, 49; Ber., 1911, 44, 2718; 1912, 45, 
^843), whichdepends on the rapid addition of bromine to the enolic 
modification, but not to the ketonio form. When treated with 
excess of hydxoxylamine, fe^o-ethylenebisacetylacetone and enob 
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ethylenebisacetylacetone both yield stereoisomeric tetraoximes. 
In the latter oximation, it is evident that hydroxylamine causes 
the enolic modification to revert to the ketonic isomeride. 

Experimental. 

Interaction of Sodium Acetylacetone and Ethylene Dibromide .— 
Sodium acetylacetone (210 g.) was mixed with excess of ethylene 
dibromide (600 g.) and refluxed at 160° for 12 hours; the mixture 
was then allowed to cool and the deposit of sodium bromide washed 
with ether. The weight of bromide corresponded nearly quanti¬ 
tatively with the amount of sodium originally in the sodium acetyl¬ 
acetone. 

The brown ethereal filtrates were distilled, ether and ethylene 
dibromide being collected up to 135° and acetylacetone from 135° 
to 145°; the residue was transferred to a Claisen flask and distilled 
under reduced pressure (3—5 mm.), and the following fractions were 
collected: (1) b. p. 60—80°—contained the remainder of the 
ethylene dibromide and acetylacetone; (2) b. p. 80—100°—25 g. 
of a slightly yellow liquid boiling under ordinary pressure at about 
200°. Its alcoholic solution gave no immediate coloration with 
ferric chloride, but a violet coloration slowly developed; it did not 
give a copper salt with ammoniacal copper acetate; (3) b. p. 120— 
130°—8-5 g. of a yellow oil; its alcoholic solution gave an immediate 
violet colour with ferric chloride and a small precipitate of copper 
salt with ammoniacal cupric acetate; (4) b. p. 170—200°~19 g. 
of a brown, viscid oil which gave an instantaneous ferric coloration 
and a copious precipitate with ammoniacal cupric acetate. 

I. keto-Ethylenebisacetylacetone (I).—The principal product of the 
reaction, represented by the second fraction (b. p. 80—100°), was 
redistilled under reduced pressure, when about 80% distilled 
between 83° and 85°/4 mm. The resultant liquid was slightly 
yellow, readily miscible with water, alcohol, benzene, ether, or 
chloroform, but not with light petroleum; it dissolved in dilute 
sodium hydroxide to a yellow solution. A sodium salt was formed 
by adding metallic sodium to the liquid dissolved in ether. 

After several distillations under reduced pressure, keto «elhylene~ 
bisacetylacetone boiled at 97—99°/20 mm. (Found; 0, 63*3> 63*9; 
H, 7*9, 7*9. 0 la H 18 0 4 requires C, 63*7; H, 8*0%). 

II. Dehydration Product of Ethylenebisacetylacetone. —The third 
fraction (b. p. 120—130°) did not solidify on keeping in the ice 
chest and was therefore dissolved in alcohol and treated with an 
excess of ammoniacal cupric acetate, when on dilution with water 
a small amount of copper salt was precipitated, but the major part 
of the substance evidently remained dissolved in the aqueous* 
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alcoholic filtrate. By diluting further with water and extracting 
several times with ether, a light brown oil was obtained, which soon 
crystallised. After repeated crystallisation from alcohol, the 
substance separated in colourless, hexagonal plates or laminae, but 
only a very small amount was isolated. Its alcoholic solution did 
not respond to ferric chloride (Found: C, 72*2, 72*4; H, 8*2, 
7*3. C^HgoOg requires C, 72*4; H, 7*5%, thus corresponding with 
a possible dehydration product of ethylenebisacetylacetone: 
2C 12 H 18 0 4 — 3H 2 0 = C^HgoOg) (Knoevenagel, be . tit.). 

III. enol -Ethylenebisacetylacetone (II).—The fourth fraction (b. p. 
170—200°) was cooled in ice, when crystallisation set in. The 
first deposit consisted of a mass of needles which, after washing 
with a little ether, were colourless and melted at 134°. Recrystal¬ 
lisation from alcohol or benzene gave a product with indefinite 
melting point, liquefaction commencing at about 100°, but not 
being complete until 130°. Its alcoholic solution gave an intense 
violet colour with ferric chloride and a copper derivative with 
ammoniacal cupric acetate. 

When left in the ice chest for several days, the mother-liquors 
deposited prismatic crystals; these, when washed free from oil 
with the aid of ether, melted at 98—99°. Recrystallisation from 
benzene gave a mass of glistening, white needles, m. p. 99—100°; 
recrystallisation from alcohol also gave very fine needles melting 
at 99°. A mixture of the original crystals with those obtained 
after recrystallisation from alcohol and from benzene also melted 
at 98°, which indicated a definite substance and not a mixture 
(Found : C, 63*6, 63*7; H, 8*0, 8*2. C 12 H 18 0 4 requires C, 63*7; 
H, 8*0%). 

This monoenol -ethylenebisacetylacetone (p. 44) when dissolved 
in alcohol gave an instantaneous deep violet coloration with ferric 
chloride and a precipitate of a copper salt with ammoniacal cupric 
acetate. After keeping for some months, its melting point became 
146—152°. 

IV. dienol-Eihylenebisacetylacetone (III). — The mother-liquors 
from the crystals of the monoenol showed no further signs of 
crystallisation and were converted into the copper derivative by 
treating an alcoholic solution with excess of ammoniacal cupric 
acetate. After drying, the mass was extracted with benzene; a 
faintly yellow solution was obtained which on evaporation of the 
solvent left a few drops of a brown oil, whilst the copper salt remained 
as an insoluble greenish-grey powder. It had no definite melting 
point* but decomposed above 250°, and was quite insoluble in all 
organic solvents. It contained 18% of copper. C^H^OgCu 
requires Cu, 12*3 and C 12 H 16 0 4 Cu requires Cu, 22*1%. 
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The copper salt was decomposed with sulphuric acid in the 
presence of ether; a white precipitate was formed and was filtered 
off, whilst the ethereal layer was allowed to evaporate. The 
insoluble product with indefinite melting point of 100—107° was 
subsequently shown to be a mixture of mono- and di-enolic forms. 
The product separating from the ethereal layer formed colourless, 
cubic crystals which after washing with ether melted more definitely 
at 140—143° and consisted chiefly of dienol -ethylenebisacetylacetone 
(Found: C, 63-6; H, 7*9. C 12 H 18 0 4 requires C, 63*7; H, 8*0%). 

When kept for some time, the melting point of the dienol became 
indefinite; melting commenced at 100°, but was not complete until 
about 140°. This change in fusibility probably indicated a partial 
transformation into a mixture of the mono- and di-enolic forms, 

V. Comparative Study of the Behaviour of the Three Isomerides 
towards Bromine .—A known weight of the isomeride under inves¬ 
tigation, dissolved in sufficient alcohol to give an approximately 
M /20-solution, was treated with iV/10-bromine (alcoholic) in the 
cold until the yellow colour persisted; an alcoholic solution of 
{3-naphthol was then quickly added to absorb the excess of bromine. 
Potassium iodide was added and the solution gently warmed; 
iodine was liberated and titrated by means of N /10-thiosulphate 
without the use of an indicator, 1 g.-mol. of iodine being equivalent 
to one double bond, that is, to one hydroxyl group. 

(a) The liquid keto-ethylenebisacetylacetone: 1 g.-mol. liberates 
0*033 X 127 g. of iodine, corresponding with the presence of about 
0*8% of the enolic form. 

(b) enol-Ethylenebisacetylacetone, m. p. 98—99°: 1 g.-mol. 
liberates 2 x 127 g. of iodine, corresponding with the pure mono- 
enolic form of ethylenebisacetylatetone. 

(c) dimo\-Ethylenebisacetylacetone } m. p. 140—143°: 1 g.-mol, 
liberates 2*5 x 127 g. of iodine; this indicates the presence of about 
1*25 hydroxyl groups per g.-mol. or a mixture of 25% of the dienolic 
with 75% of the monoenolic form of ethylenebisacetylacetone. 

From these results, we conclude that in the case of the liquid 
and the solid, m. p. 98°, we are dealing with the comparatively 
stable ketonic and monoenolic forms of ethylenebisacetylacetone, 
respectively. The other product, m. p, 140—143°, may be an 
equilibrium mixture; or more probably it represents in the solid 
state the true dienolic form, which in alcoholic solution becomes 
transformed into an equilibrium mixture. 

Comparative Study of the Ketonic and Monoenolic Forms of 
Ethylenebisacetylacetone. — Stereoisomeric tetraoximes, The liquid 
^^-ethylenebisacetylacetone and the solid enol modification were 
each heated on the water-bath for 2 hours in dilute alcohol with 
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excess of hydroxylamine hydrochloride (6—8 mols.) and sodium 
acetate. On the mixture being poured into water, the <x4etraoxime 
from the keto-form remained in solution, and was extracted with 
ether. It separated from the concentrated ethereal extract in 
colourless crystals, m. p. 165° (Found: N, 19*15. 0 12 H2 2 0 4 N 4 
requires Iff, 19*6%). 

The $4etraoxime from the enol form separated as a white solid 
crystallisable from hot water in minute, colourless needles decom¬ 
posing at 220—-222° (Found : N, 19*7%), 

Tellurium Tetrachloride and keto-Ethylenebisacetylacetone .—The 
liquid keto-form (9 g. = 2 mols.) and 5*4 g. (1 mol.) of tellurium 
tetrachloride were refluxed in chloroform solution. The mixture 
immediately blackened, but little or no hydrogen chloride was 
evolved until after \ hour; the gas was then freely evolved during 
3 hours. The filtrate from tellurium (0*4 g.) was concentrated 
in a vacuum desiccator. A black tar remained; no crystallisation 
took place even after one month- or on treatment with various 
solvents. On extraction with w-hexane, the tar remained undis¬ 
solved, but after evaporaton of the hydrocarbon crystalline laminae 
were left. By pressing these on a porous plate, white crystals were 
obtained, which were purified by crystallisation from hexane. 
Hexagonal prisms resulted, m. p. 79°, yield 1 g. The product was 
readily soluble in alcohol and the solution gave an immediate 
intense purple colour with ferric chloride; it also yielded a copper 
salt. Qualitative tests showed the absence of tellurium, but 
chlorine was present and could be detached by boiling with aqueous 
potash (Found: C, 52*0, 51*6; H, 7*0, 6*9. C 7 H U 0 2 C1 requires 
C, 51*7; H, 6*8%). This .analysis corresponds with a removal of 
one acetylaeetone residue and the formation of p-chloroethylacetyl- 
acetone, CHaCl-GB^-CHCCO-GHa)^ 

Transformations of enol-Ethylenebisacetylacetone into its Isomerides . 
— Ketonisation. The monoenol formed stable, prismatic crystals, 
m. p. 99°. It was slightly soluble in water and the solution reacted 
faintly acid to litmus. It readily dissolved in dilute caustic soda 
to a yellow solution of the sodium salt; no precipitate was produced 
when this solution was acidified with sulphuric acid in the cold, 
and extraction with ether yielded an oil which failed to colour ferric 
chloride and was probably the ketonic form. 

Dienolisation. The copper salt, prepared from the monoenolic 
form by treating a solution in alcohol with excess of ammoniacal 
cupric acetate, dried to an amorphous, greenish-grey powder quite 
insoluble in all organic solvents, thus differing from the usual 
co-ordinated copper derivatives obtained from the (1-diketones. 
It oohMned 19*3% of copper; the amount calculated for the copper 
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derivative of the monoenol is 12-3, and for that of the dienol 22*1%. 
When decomposed in the usual maimer with sulphuric acid in the 
presence of ether, an amorphous, white solid is precipitated which is 
only sparingly soluble in ether; after washing with ether and 
drying, this melts at 98° and is the monoenolic form, but the 
substance which crystallises from the ethereal solution has an 
indefinite melting point; it softens and loses its crystalline form 
at 110°, but does not run down the tube to a clear liquid until 
130—134°, behaving as a mixture of the di- and mono-enolic forms; 
Meyer’s test indicates the presence of about 20% of the dienolic 
form with 80% of the monoenolic. It is evident that under the 
influence of ammoniacal cupric acetate the monoenol changes 
partly to the dienol. 

The authors desire to express their thanks to the Advisory 
Council of the Department of Scientific and Industrial Research 
and to the Government Grant Committee of the Royal Society for 
grants which have helped to defray the expense of this investigation. 

University or Birmingham, 

Edgbaston. [Received, November 11 th, 1925.) 


XI .—The Solubilities of Sodium 9 Potassium 9 and 
Calcium Ferrocyanides . Part I. 

By Monica Parbow. 

This investigation was undertaken on account of the uncertainty 
of the solubility data for the ferrocyanides of sodium and potassium, 
and the lack of data for the calcium salt. Early workers, e.gr., 
Michel and Kraft ( Ann . Ghim . Phys. f 1854, 41, 482), IStard (ibid. 9 
1894, 2, 646), and Schiff ( Annalen , 1860, 113, 350), obtained values 
varying from 25 to 40 g. of potassium ferrocyanide in 100 g. of 
water at 20°. Determinations for the potassium and sodium salts 
were made at a few temperatures by Conroy ( J . Soc. Ghent, Ind., 
1898, 17, 104), by Harkins and Pearce (J, Amer. Chew, Soc, 9 
1916, 38, 2716) at 26° only, by Pabria {Gazzetta, 1921, 51, ii, 374) 
over the whole range from the cryohydric point to 100°, and by 
Vallance {Ghent, News , 1922, 125, 7) for the potassium salt only, 
at low temperatures. 

Purification of the Salts. —The purest sodium and potassium 
ferrocyanides obtainable were further purified by rapid crystallisation 
from hot water. By simple qualitative tests the absence of the 
most likely impurities, calcium and ammonium, was proved. 

The purest calcium salt obtainable, for which we are indebted 
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to Mr. W. G. Adam of the Gas Light & Coke Co., was slightly tinged 
with blue. It was purified by precipitation with absolute alcohol 
in the cold (to avoid oxidation) from an air-free saturated solution. 
The pure lemon-yellow, finely crystalline product was centrifuged, 
dried in vacuum desiccators, first over charcoal for 24 hours, then 
over the partly dehydrated salt, and stored in the dark in dark 
glass-stoppered bottles. No discoloration appeared after 18 months. 
No trace of sodium, potassium, or ammonium .could be detected 
in the residue left after decomposition of the salt with concentrated 
sulphuric acid. Determinations of calcium as oxalate in the 
original and the purified salt proved that no measurable change of 
composition had resulted from the purification process: 

Orig. salt: 16*2, 16*2, 16*2, 16*3, 16*25, 16*1, 16*2, 16*2. 
Mean, 16*2% Ca. 

Recryst. salt: 16*2, 16*25, 16*2, 16*2, 16*2, 16*2, 16*2, 16*3. 
Mean, 16*2% Ca. 

There has been some doubt about the precise number of molecules 
of water in the calcium salt. The above determinations, which lie 
much nearer to the theoretical value for a hydration of 11H 2 0 
(16*3% Ca) than to that for (15*8% Ca), support the con¬ 

clusion of Berkeley, Hartley, and Burton {Phil. Trans., 1908, 
209.4, 177) that the lower figure is correct. The lower figure is 
also in accordance with the recent careful determinations of 
Cumming (J., 1924, 125, 240). 

Method of Determining Solubility .—A solution was heated in 
contact with excess of the solute to the required temperature and 
after the attainment of equilibrium a definite volume was withdrawn 
in a weight pipette to be weighed and analysed, and the density 
calculated. 

The ferrocyanide in all three salts was estimated volumetrieally 
with permanganate by the simple method of de Haen (Treadwell, 

Quantitative Analysis, 5 ? p. 632). This method after practice gave 
concordant results; it is essential to standardise the solution used 
against standard potassium ferrocyanide and not ag ainst the 
customary oxalic acid. The calcium ferrocyanide was also deter¬ 
mined independently as oxalate. 

Cu mmin g’s method of estimating ferrocyanides with benzidine 
hydrochloride (J., 1924, 125, 240) was tried, but it did not appear 
so suitable for these metallic ferrocyanides as the simple per¬ 
manganate method and was therefore not employed. 

oxalate solution was used in the deter¬ 
mination of the calcium salt as oxalate, because ammonium oxalate 
and oxalic acid as precipitants produced insoluble double calcium 
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ammonium ferrocyanide and insoluble hydroferrocyanic acid, respec¬ 
tively. In the first experiments, in which an alundnm cone was 
used as a filter, no sharp end-point could be obtained on the addition 
of permanganate, owing to slow diffusion of oxalate from the inner 
pores of the cone. Gooch crucibles were substituted for the cones, 
but even then the permanganate readings were not concordant. 
The asbestos used had no reducing action on permanganate, and 
experiment also showed that no measurable occlusion occurred at 
the dilutions used. The cause of the error was traced to the appre¬ 
ciable solubility of calcium oxalate in water. The 
washing was therefore limited to three filings of the 
Gooch, and this procedure was kept constant 
throughout the experiments. 

Apparatus .—The solubility vessel consisted of a 
wide tube of about 200 c.c. capacity, fitted with a 
rubber bung and stirrer. In order to hold the 
pipette in place in the soltibility vessel the bung 
carried a short glass tube which was closed when 
not in use. The temperature of the thermostat was 
constant to within 0*2°. 

The weight pipette, which had a volume of about 
4*5 c.c. (Fig. 1), was of a design which has been used 
for several investigations in this laboratory, but has 
not previously been described. It is warmed to the 
temperature of experiment and introduced into the 
solution with its shorter arm fitted with a glass-wool 
filter adapted to the ground end. The solution can 
then be admitted by opening the ground-in plug, A; 
when it has reached the required level, which can 
be accurately read by means of the graduations, the 
plug is replaced. The pipette is then removed, the 
filter immediately replaced by a ground-on cap, and 
the whole cleaned and weighed after attaining room 
temperature. The pipette was repeatedly calibrated with pure 
mercury to give accurate volume readings for the density determin¬ 
ations. 

Owing to the high solubilities of the calcium salt, these solutions 
were very viscous and consequently difficult to introduce into the 
pipette. To hasten the filling, slight pressure was applied to the 
solution in the solubility vessel. The determinations of solubility 
and density were in almost every case repeated at least once, and, 
as the data of the table show, the individual solubility experiments 
very seldom differed from the mean by more than 0T unit, or the 
densities by more than 0*002, except at the highest temperatures, 
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when the experimental difficulties already mentioned mate 
determinations somewhat less concordant. 


the 


Solubilities and Densities . 


Temp, 

24-9° 


34-9 


49-8 


9 

23-93 

23- 83 

24- 00 
24-01 
23-93 
28-00 
28-08 

27- 95 

28- 01 

33-26 

33-00 

33-13 


E 4 Fe(CK) e . 


d. 
M731 
1-1731 
1-1734 
1-1729 
1-1731 
1-2026 
1-2014 
1-2015 
1-2018 

1-2360 

1-2340 

1-2330 


Na„Fe(CN) 


64-7 

37-05 

1-2627 


36-83 

1-2644 


36-94 

1-2635 

79-6 

40-36 

1-2858 


40-54 

1-2850 


40-45 

1-2854 

84*7 



89*6 



94-7 



99*7 

43-83 

1-3148 


43-72 

1-3082 


43-78 

1-3115 


9- 

17-10 

17-16 

17-08 

17-11 

20-58 

20-58 

20-58 


26-16 

26-23 

26-20 


31-45 

31-41 

31-43 


36-87 

36-83 

36- 85 

37- 96 

38- 33 
38-15 

38-08 

38-25 

37-45 

37-56 

37-65 

37-65 

37-47 

37-53 


d. 
1-1330 
1-1295 
1-1312 
1-1312 

1-1576 

1-1691 

1-1584 


1-2009 

1-2000 

1-2004 


1 -: _ 
1-2421 
1-2426 


1-2794 

1-2779 

1-2786 

1-2891 

1-2942 

1-2916 

1-2959 

1-2870 

1-2928 

1-2849 

1-2806 

1-2861 


9 
36-52 
36-42 
36-45* 
36-36* 
36-44 

39-11 

39-30 

39-09* 

39-38* 

39-22 

41-98 

41- 99 

42- 12* 
42-06* 
42-04 
44-28 
44-27 
44-72* 
44-48* 
44-44 


Ca^e(CN) 


d. 
1-3574 
1-3552 
1-3563 


1-3633 

1-3690 

1-3662 


1-3975 

1-3964 

1-3970 


1-4071 

1-4077 

1-4074 


* As oxalate, the rest 
as ferrocyanide. 


/ °f The values obtained for the solubilities 

potanlun, ferroeyanide lie on two mwS 

L g /, } * Tlle . vaJue f obtamed b 7 Vallance and by Fabria (he cit) 
for the potassium salt, which are plotted on our curve for nmol's 

ar6 + “ g °° d agreement ™ tk measSS 

except at temperatures above 84° wWa KUo’, t nts 
^■rfdyhigher. To wh„t e!LttX,fo 
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cooling, owing presumably to incipient decomposition. The 
experimental difficulties with the calcium salt solutions at high 
temperatures were considerable. The solutions had both high 
viscosity and high density; the former made the rate of flow into 
the pipette very slow, and also prevented the very small particles 
of solid salt from settling rapidly. It was almost impossible to 
prevent the capillary entrance to the pipette from being blocked, 
and although five determinations were made for the solubility at 

Fig. 2. 



B. MOO 1*200 1*300 1*400 1*600 

A. Grams of anhydrous salt in 100 grams of solution . 

B. Density of saturated solution. 

I. Density of sodium ferrocyanide solutions. II. Density of potassium ferro - 
cyanide solutions. III. Solubility of sodium ferrocyanide. IV, Solubility of 
potassium ferrocyanide . V. Density of calcium ferrocyanide solutions * VI. 
Solubility of calcium ferrocyanide. 

79-6° these are not given, as they show almost the same value as 
that obtained at 65°. 

As may be seen from the graph, the solubility curve of sodium 
ferrocyanide shows a sharp break at 81*7°. This transition tem¬ 
perature does not appear to have been observed before, though it 
is apparently responsible for the reported transition in the curve 
for the potassium salt of £tard {be. cit.). Work is in progress on 
the three-component system calcium ferrocyanide-sodium ferro- 
cyanide-water, and the identity of the lower hydrate of the sodium 
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salt will be investigated. The four points given by Conroy ( loo . 
cit.) for the solubility of the sodium salt lie almost exactly on our 
curve, though, as the number of his determinations was small, the 
transition point evidently escaped his observation. The density 
results (Fig. 2) require little comment. No other work appears 
to have been done on this property of the saturated solutions. The 
three curves are of the same general form as the corresponding 
solubility ones. In the case of the sodium salt, the points evidently 
lie on two curves and are consistent with the transition at 81*7° 
as given by the solubility curve. 

Verification of the Transition Temperature of Sodium Ferrocyanide . 
—The transition point was verified by the two following methods : 
1. The cooling curve. On allowing the salt to cool from about 90° 
to 75° in a jacketed test-tube carrying a copper stirrer and a sensitive 
thermometer, arrests were observed, in three experiments, at 81*0°, 
81*2°, 81*3°, giving a mean value of 81*2°. 

2. Dilatometer . The dilatometer used was of the ordinary form 
and had a graduated capillary neck about a foot long. The bulb 
contained the hydrate (10H 2 0) and sufficient paraffin to rise to a 
convenient level in the capillary when the temperature was in the 
region of 81°. Before the dilatometer was introduced into the 
thermostat it was heated above 81° so as always to have some of 
the higher-temperature hydrate present to facilitate the change. 
In all, six experiments were carried out at temperatures ranging 
from 80*6° to 82*6°. 

At the highest temperature, 82-6°, there was a rapid rise of 
1 inch in nearly 3 minutes, and at 81-9° the level of the oil still 
rose, although at the rate of only £ inch in £ hour. In the next 
three determ i nations at 81*2°, 81*3°, and 81-3°, respectively, no 
change in the oil level could be observed. Finally, at 80-6°, there 
was a fall in the level of \ inch in £ hour. These experiments show 
that the change from the higher-temperature hydrate to the 
10H 2 O-hydrate occurs with a volume decrease and vice versa, and 
that the most probable value of the transition temperature is 
81 "5°. The values obtained by the less accurate methods, namely, 
81-7° by the solubility, and 81*2° by cooling curves, give as a mean 
value one very close to the most trustworthy value of 81*5°. 

Summary . 

1. The solubility of sodium, potassium, and calcium ferrocyanide 
in water has been determined, together with the density of the 
saturated solutions. 

Sodium ferrocyanide has a transition point at 81-5°. Neither 
the potassium nor the calcium salt shows any transition over the 
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range investigated, the transition point of the potassium salt 
recorded by iStard being probably due to contamination with 
sodium ferrocyanide. 

Inorganic Chemical Laboratory, 

Oxford, [Received, October 1 2th, 1925.] 


XII .—Studies of Valency. Part VII. Surface 
Polarity and the Reaction of Ethylene and 
Chlorine—The Effect of the Adsorbed Water 
Layer . 

By Ronald George Wreyeord Norrish and Grieeith 
Glyn Jones. 

The reaction between ethylene and bromine which occurs only at 
the surface of the reaction vessel (Stewart and Edlund, J . Amer , 
CJiem. Soc .. 1923, 45, 1014) has been shown by one of us to depend 
greatly on the nature of the surface (Norrish, J., 1923, 123, 3006). 
The following figures represent the mean bimolecular velocity 
coefficients found for the surfaces specified in vessels of uniform 
dimensions: Glass, 0*0506; stearic acid, 0*0864; cetyl alcohol, 
0*0266; paraffin wax, 0*0030. The low value for paraffin wax 
suggested that these figures might be taken as a measure of the 
polarity of the surfaces and that with an improvement in technique 
the method might be used as a general measure of surface polarity. 

The present research has been undertaken to investigate the effect 
of moisture on the reactivity of glass and paraffin surfaces and to 
test a suggestion put forward in the previous paper on ethylene and 
bromine ( loc . tit), that the absolute reactivity of a paraffin surface 
is vanishingly small. 

In these experiments we have substituted chlorine for bromine 
since it is more easily manipulated than the latter and admits of the 
pressures of the reactants being increased tenfold. Furthermore, 
an easier means of experimentation, which gives accurate and 
reproducible results, has been devised. As was expected, in view 
of the previous results, the reaction between ethylene and chlorine 
(in the absence of light) has been found to occur entirely at the 
surface, and to depend on the nature of the surface in the same way 
as the reaction of ethylene and bromine already studied. It has 
further been shown that whilst the rate of reaction at a paraffin 
wax surface is independent of the presence of water vapour, this is 
not so for a glass Surface, the gases, in the presence of water vapour 
at 6 mm. pressure, uniting 1*3 times as fast as when they were dried 
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by phosphoric acid. Further, by taking special precautions to 
prevent accidental exposure of the glass, it was found possible 
practically to suspend the reaction in a paraffin vessel, less than 
0*1 of the total reactants combining in the course of 12 hours, whilst, 
in the case of a glass vessel of the same dimensions, the reaction was 
practically complete in 30—40 minutes. This indicates a reactivity 
for a paraffin surface some 1200 times smaller than for a glass 
surface of the same dimensions, whereas the earlier ethylene- 
bromine experiments indicated a reactivity for paraffin wax only 
18 times smaller than that for glass. 


Fig. 1. 



Experimental. 

The reaction vessel (Fig. 1, A) consisted of a glass tube 35 cm. 
long and either 1*3 or 2-7 cm. in diameter. The tube was water- 
jacketed by an outer metal vessel, B, which served to screen it from 
light and was kept at constant temperature by a current of water 
circulated by a pump from a thermostat regulated to 0*1°, the 
temperature being indicated by a thermometer T. One end of the 
reaction vessel was connected via tap 1 and a long capillary tube to 
a vertical mercury manometer M; the other end was connected 
via tap 2 to the gas supply and water-pump. As it was necessary 
frequently to remove the reaction vessel, its connexion with taps 
1 and 2 was itnade at first by paraffined rubber pressure tubing and 
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later by ground glass joints. The apparatus could be evacuated 
via taps 2, 4, 9, 11, by way of the drying tubes, J, containing phos¬ 
phoric oxide, and the expansion chamber, D, containing calcium 
chloride. Dry air could be admitted via the drying tubes, G, 
containing calcium chloride and phosphoric oxide, by way of taps 
10, 5, 4, 2. Air saturated with water vapour could be admitted 
by way of the saturators L and K and taps 10, 8, 7, 4, 2. The 
saturators were so arranged that the air bubbled through the liquid 
in L and passed over the surface of the liquid in K. Ethylene was 
stored in the aspirator, 0, and could be expanded into the reaction 
vessel by way of the calcium chloride-phosphoric oxide drying 
system, and taps 3 and 2. Dry chlorine was obtained via taps 6 
and 2 from the chlorine chamber, E, which was kept continually 
filled by the passage of chlorine from a cylinder, through the phos¬ 
phoric oxide drying system, F. The technique of the chlorine 
manipulation was similar to that already described by Norrish and 
Rideal (J., 1925,127, 787), 

An experimental run was carried out as follows. The vessel A 
was evacuated as far as possible by the water-pump, and washed 
out with dry air and re-evacuated several times. Finally air, either 
dry or moist as required, was admitted to a pressure of about 
300 mm. The connecting tubes were evacuated and washed out 
two or three times with ethylene, and then dry ethlyene was admitted 
to the reaction vessel to a partial pressure of 200 mm. Finally, 
after the connecting tubes had been washed out as before, dry 
chlorine was admitted to a partial pressure of 200 mm. Stop-cocks 
1 and 2 were kept closed throughout the reaction and readings of 
the pressure were made at intervals by momentarily putting the 
mercury manometer into communication with A by opening tap 1; 
when these precautions were taken, the mercury of the manometer 
was not affected by the chlorine if this gas was the last to be admitted 
to the system. 

The bimolecular reaction coefficient used as a measure of the 
reactivity of a given surface was calculated by the formula 

Jc = xja{a — x)t 9 

where a is the initial pressure of ethylene or chlorine, and x the fall 
in pressure of either gas at time t. The value of a was fixed at 
200 mm., and the value of x calculated from the fall of pressure in 
the reaction chamber, account being taken of the fact that the 
ethylene dichloride is initally formed as a gas and finally separates 
as a liquid when its saturation vapour pressure is reached. This 
vapour pressure is 55 mm. at 18°, and 60 mm. at 20° (Rex, Z * 
phy&ikal . Chem. 9 1906, 35, 358); hence if dp represents the pressure 
fall at time t at 20°, then, when dp < 60 mm„ x «= dp 9 and when 
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dp > 60 mm., x = {dp + 60)/2. There was, in general, no notice¬ 
able change in the value of h at the moment when liquid ethylene 
dichloride separated, a fact which proves that the liquid exerts no 
appreciable catalytic activity in the reaction. 

For a reaction which occurs solely at the surface, as in the present 
case, it may be shown that the reaction coefficient, calculated as 
above in terms of pressure changes, must be multiplied by the factor 
v/s, representing the ratio of volume to surface of the reaction vessel, 
in order to obtain comparable 'figures for different-sized vessels. 
In the present experiments, cylindrical tubes of uniform length were 
used as the reaction vessels, for which vjs ccd, where d is the diameter 
of the tube. Thus, by taking the product led we obtain comparable 
figures for surface reactivity. In Tables I and IV examples are 
given in full of various experiments. The further account of this 
work will be limited to giving figures for surface reactivity, in 
Tables II and III, calculated as described above from the mean 
reaction velocity coefficients. 


Table I. 

Effect of water vapour on the reaction of ethylene and chlorine 
at a glass surface. 

Diameter of tube, 1-30 cm. Temp., 18°. 


Experiment “ Glass 10.” Experiment “ Glass 11.” 

a, 200 mm. Water vap. press., 0. a , 202 mm. Water vap. press., 6*2 mm. 


Tim© 

Total pressure 


Time 

Total pressure 


(mins.). 

fall (mm.). 

h X 10*. 

(mins.). 

fall (mm.). 

k x m 

0 

0 

.— 

0 

0 

_ 

2 

49 

8-1 

2 

69 

11*0 

4 

96 

7*5 

4 

131 

10*6 

6 

129 

7-1 

6 

174 

10*8 

8 

169 

7-4 

8 

204 

1M 

10 

181*6 

7-2 

10 

224*5 

11*0 

12 

199 

7-3 

12 

239*5 

11*1 

16 

220 

7-3 

14 

251 

111 

18 

234 

7-2 

16 

261*6 

11*2 

21 

246*6 

7*3 

18 

267 

10*8 

25 

266-6 

7-0 

21 

276 

10*6 

30 

266*5 

6*8 

25 

284 

10*3 


Mean 7*3 


Mean 10*9 


Surface reactivity (fed) — Surface reactivity (kd) = 

9*6 X 10“*. 14*2 X 10-*. 


From the data of Table II, which are given in the order of experi¬ 
mentation, it will be seen that the surface reactivity, led , is uniformly 
higher for moist gases than for dry, the mean value, calculated from 
the recorded figures, being 11-3 X 10' 4 for dry gases and 14*8 X 
10~ 4 for moist gases, while the ranges of surface reactivity in the 
two cases do not overlap. Thus the presence of about 6 mm. of 
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Table II. 

Effect of water vapour on the reaction of ethylene and chlorine 
at a glass surface—collected data. 

Diameter of tube, 1-30 cm. 


Expt. 

No. 

Temp. 

Water vapour 
pressure. 

Bimolec. reac¬ 
tion coeff. 
h X 10*. 

Surface 
reactivity. 
led X 10*. 

2 

18° 

0 

8*2 

10*7 

4 

19 

0 

7*9 

10*3 

5 

18 

6*0 

11*0 

14*3 

6 

19 

6*6 

11*7 

15*2 

7 

19 

0 

9*6 

12*5 

9 

16 

5*1 

11*6 

15*1 

10 

18 

0 

7*3 

9*5 

n 

18 

6*2 

10*9 

14*2 

12 

18 

5*5 

12*0 

15*6 

13 

18 

0 

10*0 

13*0 

14 

18 

0 

9*0 

11*7 

15 

18 

0 

8*9 

31-6 

16 

18 

6*2 

11-0 

14*3 


Table III. 

Effect of water vapour on the reaction of ethylene and chlorine 
in a paraffin wax tube (rubber connexions). 


Temperature, 20°. 


Tube. 

Diam. of 

Press, of water 

Vel. coeff. 

Surface reactivity. 

No. 

tube (cm.), vapour (mm. Hg), 

k X 10*. 

kd X 10*. 

1 

1*3 

6 

0*74 

0*97 



0 

0-65 

0*85 



0 

0*71 

0*92 

2 

2*7 

6 

0*17 

0*45 



0 

0*17 

0*47 

3 

2-7 

0 

0*13 

0*37 



6 

0*12 

0*33 


water vapour in the gas phase increases the reactivity of a glass 
surface by about 30%. 

It will be seen from the data for a given tube that the presence 
of water vapour has no measurable effect upon the reactivity of a 
paraffin wax surface. Further, the velocity coefficient does not vary 
in inverse ratio to the diameter of the tube as it would if the reacti¬ 
vities of the paraffin surfaces were uniform, and it was therefore 
thought that the measured reactivity was to be ascribed in part at 
least to the presence of the rubber connexions. In order to measure 
the absolute reactivity of a paraffin wax surface, the rubber con¬ 
nexions were replaced by ground glass joints, which together with 
the stop-cocks were lubricated with a grease made by melting 
together “ nujol ” and paraffin wax. The tube was constructed as 
shown in Fig. 2; the gases being introduced through the end A, 
and the end B being attached to the manometer. The paraffin 
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wax was introduced molten into tlie tube, and allowed to cool with 
constant agitation under a vacuum, the process usually having to 
be repeated several times before a uniform coat was obtained. 
The tube fitting the ground glass joint, and communicating with 
the manometer, was paraffined carefully on both sides of the tap C. 
Great difficulty was experienced in preparing satisfactory tubes; 
in most cases there was some small surface of glass incompletely 
protected which enabled a slow reaction to proceed. After many 
trials, however, two cases of very low reactivity were obtained. 
In the better of the two, with both reactants at c&. 200 mm. pressure, 
less than 0*1 of the total reaction had occurred after 12 hours. 
The experimental figures are in Table IV. 

Table IV. 

Tube dimensions : length, 35 cm.; * diameter, 1*3 cm. 

Experiment i. Temp., 20*4°. Experiment ii. Temp. 20*0°. 

Pressure of C 2 H 4 , 197 mm. Pressure of C S H 4 , 220 mm. 

Press, of Cl 2> 200 mm. Pressure of Cl 2 , 182 mm. 



Pressure 

's 


Pressure 


Time 

decrease 

Bimolec. 

Time 

decrease 

Bimolec. 

(mins). 

(mm.). 

coeff. X 10*. 

(mins.) 

(mm.). 

coeff. X 10*, 

0 

0 

—— 

0 

0 

_ 

16*5 

3*5 

5*5 

124 

3*9 

0*88 

46 

8*2 

4*8 

227 

5*5 

0*64 

146 

18*0 

3*5 

358 

7*0 

0*53 

194 

21*0 

3*2 

449 

11*0 

0*65 

226 

25*0 

3*3 

825 

20*0 

0*60 

339 

35*6 

3*3 

955 

24*4 

0*72 

465 

45-4 

3*3 

1096 

32*5 

0*89 

525 

52-0 

3*7 * 

1182 

42*0 

0*95 


To ascertain that the gases remained unreacfced in the tube, in 
experiment ii, they were slowly withdrawn, after 20 hours, through 
potassium iodide solution. The quantity of unreacted chlorine 
(estimated by the amount of iodine set free, equiv. to 7*20 c.c. of 
0*lV-Na 2 S 2 O 3 ) was in satisfactory agreement (5%) with that (7*56 
c.c.) calculated from the known volume of the tube (48 c.c.) and the 
observed pressure changes. 

The reactivity of the tube in experiment ii wa^much lower than 
that in experiment i, a fact which suggests that this residual activity 
was entirely due to the accidental exposure of glass surface. 

Reactivity of a Stearic Acid Surface .—As data for comparison with 
the experimental results of the ethylene-bromine reaction (loc. cit,) y 
figures were obtained for the reactivity of a stearic acid surface, 
a tube of 2*7 cm. diameter being used. The tube was coated with 
stearic acid under the conditions described above for paraffin wax 
and the initial pressure of each reactant was fixed at 200 mm. The 
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constancy of the velocity coefficients was good, there being no 
variation from the mean values greater than 5%. In two experi¬ 
ments the mean values were 4-52 X 10“ 4 and 4*20 X 10~ 4 . 

In Table V is a comparison of the relative surface reactivities 
measured by the ethylene-chlorine and by the ethylene-bromine 
reactions. These are referred to the reactivity of glass, taken as 
unity, by computing the ratios of the reactivities of the given 
surfaces to that of glass, the reactivity being measured, in the way 
described above, as the product of the bimolecular reaction 
coefficient and the diameter of the tube. 

Table V. 

Comparative surface reactivities by two methods. 

Surface Glass; Glass; Stearic acid; Paraffin wax Paraffin wax, 

gas dry. gas wet. gas dry. with rubber. optimum. 
C 2 H 4 -Br a 1*0 — 1*7 0*06 — 

C a H*~Cl a 1*0 1*3 1*06 0*076 0*0008 

It will be seen that the results of the earlier work have been 
confirmed, while the prediction that the non-polar surface of 
paraffin wax is entirely unreactive has been practically demonstrated. 

The results described above, when considered with reference to 
the adsorbed water layer which is known to exist at the surface of 
glass, would seem to have an important bearing on any explanation 
of the suspension of reactions by extreme drying. The adsorbed 
water layer, under “ dry 55 conditions, is probably but one molecule 
thick, but tends to pile up as the vapour pressure is increased 
towards saturation point (McHaffie and Lenher, J., 1925, 127, 
1559). Hence, if we assume that the water layer is the polar 
catalyst in the case of the glass surfaces, we can explain the increased 
reactivity of moist gases as due to the more complete saturation 
of the surface water film. When the surface is covered with paraffin 
wax, it seems reasonable to assume that the water layer cannot 
form, in agreement with the fact that water shows no tendency to 
wet paraffin wax. There is thus no reaction, either with dry or 
with wet gases, a fact which shows also that no volume reaction 
sets in, in the presence of water vapour. It seems highly probable 
that we are here imitating the effects of Baker: by the extreme 
drying of his systems we may suppose that he was removing the 
water from the walls, while by using walls composed of a substance 
r^n which water cannot condense we achieve the same result, even 
wrthe presence of moist gases. Finally, if a polar group such as 
carboxyl or hydroxyl be introduced into the paraffin molecule, 
we can imitate the effect of the water layer on glass; thus with 
walls, composed of stearic acid, or cetyl alcohol, the surface becomes 
once more reactive* 
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If we inquire further as to the mechanism of the present reaction, 
there is little evidence to guide us. It seems probable, however, 
that the presence of water on the surface might cause a greater 
modification of the dielectric constant in the immediate vicinity 
of the surface than can be brought about by a single molecule in the 
ternary complex [A-H 2 OB], so that the whole reaction takes place 
through the medium of the adsorption layer, even in the presence 
of water vapour. It seems significant also that all the polar catalysts 
so far obtained contain oxygen, and we might regard their function 
as the formation of a complex with the chlorine molecule, through 

the medium of quadrivalent oxygen (e.g., ^>0<q) which, under 

the influence of the surface forces, is more dissociable than the 
chlorine molecule itself. 

Summary . 

A study has been made of the reaction between ethylene and 
chlorine, each at an initial partial pressure of 200 mm., at the surface 
of glass, paraffin wax, and stearic acid. By taking special precau¬ 
tions, a paraffin wax-surface was prepared showing a reactivity some 
1200 times smaller than that of glass and about 70 times less than 
that previously found for a paraffin wax surface in the experiments 
on the union of ethylene and bromine. It has been shown that 
water vapour present at a partial pressure of 6 mm. increases the 
reactivity of the glass surface by 30%, whilst it has no effect on the 
paraffin wax surface. These results are discussed from the point 
of view of surface polarity and in the light of our knowledge of the 
adsorbed water film existing at the surface of many solid substances. 

XJNiVEBsrrz Chemical Laboratory, 

Cambridge. [Received, November 2Qth, 1925.] 


XIII .—The Chemistry of the Caryophyllene Series * 

Part Z. 

By George Gerald Henderson, John Monteath Robertson, 
and (in part) Carl Aloysws Kerr. 

P-Caryophyllene belongs to the dicyclic series of sesquiterpenes, 
but as no naphthalene or benzenoid derivative can be obtained 
from it by the sulphur method (Ruzicka and Stoll, Helv. Chim. Acta , 
1923, 6, $54), it cannot be assigned to either of the known cadinene 
or eudesmol types/ Its structure is therefore largely a matter of 
conjecture, although Semmler and Mayer (Ber., 1911, 44, 3657) 
consider that it consists of a mixture of two forms, for which, from 
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a study of the ozonide products, they have advanced formulae I 
and II. The existence of the bridge ring system is, however, based 
upon the supposed identity of caryophyllenic acid with cis-2 :2: 3-tri- 
methylcycfobutane-1 : 3-dicarboxylic acid, and until this is definitely 
established these formulae must be regarded as tentative. 


(I.) 


CMe 

CMe 

/T\ 

/|\ 

H^l C'CH:CMe 2 

H2C .QMe/j 

HO CMe 

HO ( 

\/ 

W 

ch 2 

CH 


)H-CH 2 -CMe:CH 2 

Me 


(H.) 


Wallaeh and Walker [Annalen, 1892, 271, 285) showed that 
earyophyllene forms a crystalline hydrate known as caryophyllene 
alcohol, C 15 H 25 , OH, upon hydration with a mixture of sulphuric 
and acetic acids. The properties of this alcohol and in particular 
its relation to the hydrocarbon have not previously been fully 
examined. As there is some evidence that certain of its derivatives 
possess a different molecular configuration from that assigned to 
(3-caryophyllene, experiments were carried out with a view to obtain 
more information in this connexion. 

The alcohol prepared by the hydration method was found to be 
remarkably stable in certain respects. Thus, after heating with 
hydrogen peroxide for 52 hours, practically the whole of the alcohol 
was recovered unchanged. On treatment with permanganate the 
alcohol was again recovered unchanged. Towards bromine in 
chloroform solution it behaved as a fully saturated substance. 

All dicyclic sesquiterpene alcohols of the formula C^H^-OH are 
unsaturated, uniting additively with bromine and being readily 
oxidised. It is evident that caryophyllene alcohol does not belong 
to this class, and therefore cannot be regarded as a direct hydrate 
of the hydrocarbon, as previously supposed. Apparently the 
hydrating agents have induced ring closure with the formation of a 
new tricyclic structure. Confirmation of this view is found in the 
fact that the alcohol can be formed through the agency of formic acid, 
which is a well-known means of effecting ring closure in the sesqui¬ 
terpenes (Robertson, Kerr, and Henderson, J., 1925, 127, 1944). 
Moreover, it has long been known that caryophyllene alcohol upon 
dehydration yields a hydrocarbon, clovene, which is not identical 
with caryophyllene, but which appears to be tricyclic from its 
physical properties (Wallaeh and Walker, loc. ciL). 

Although it is not feasible to determine the molecular refractivity 
of caryophyllene alcohol directly owing to its high melting point, 
(compare Semmler, Ber., 1903, 36, 1037), it appeared probable that, 
the necessary information might be obtained from the physical 
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properties of certain of its esters, which were prepared in the course 
of this work. The following figures were therefore determined for 
the formate and the acetate, and they clearly indicate the tricyclic 
nature of the caryophyllene radical. 

__Mb-_ 

Calc, for Typical * Calc, for 

^15-®25*^ u ^ 15-^25"^'* 

Ester. t. d£. ng. Found. Tricyclic. Dicyclie. Dicyclie. 

Formate, C 16 H a6 04 7° 1*024 1-4998 71-78 71-02 — 72-75 

Acetate, C 17 H 28 0 2 t 17° 1-003 1-4919 76-37 75 64 78-13 77-37 

* Semmler and Jonas, Ber ., 1914, 47, 2068, 2072. 

f We wisb to take this opportunity of correcting the density for the formate 
previously given (J., 1925, 127, 1945), where d$° 1*22 should be 1*024. 

% Determined on the super-cooled liquid. 

It will be observed that the exaltation found in the case of the 
caryophyllene derivatives is not greater than the corresponding 
divergence for a typical dicyclie member. 

It is noteworthy that the limonene form (II) of active caryo¬ 
phyllene could readily adapt itself to such ring formation as is 
indicated by the above results. The course of the reaction and the 
dehydration of the alcohol to clovene may therefore be represented 
by the following scheme: 



Clovene. 


In addition to caryophyllene alcohol, Wallach’s hydration method 
gives rise to a liquid product. We find this substance to consist of 
an unsaturated hydrocarbon , C^H^, b. p. 110—114°/9 mm., 
0-9263, ng* 1-5010, [a]tf 9 o *3 —19-56°, which evidently differs from 
^-caryophyllene and is perhaps identical with the tricyclic caryo¬ 
phyllene obtained from the dihydrochloride by the quinoline method 
(Semmler and Mayer, Ber., 1910, 43, 3451) which had b. p. 122— 
123°/13 mm., df 0*927, nf 1-50246, -57°. Clovene, also 

regarded as tricyclic, has closely similar properties. The possible 
identity of these three substances is under exa min ation. 

Our experiments were next directed towards the synthesis of 
hydroxyl derivatives from caryophyllene corresponding to the 
. dicyclie structure of the hydrocarbon, since it has been shown that 
Wallach and Walker's hydration method leads to ring closure. 
From caryophyllene dihydrochloride by the action of silver acetate 
in glacial acetic acid solution we obtained products which upon 
hydrolyris yielded an unsaturated alcohol , a saturated 

C 16 H 2 6 (OH) 2 , and some regenerated hydrocarbon. The 
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alcohol, C 16 H 26 -OH, which may be termed caryophyllol , has 
properties corresponding closely to those of a dicyclic sesquiterpene 
alcohol. Although it reacts with sodium, no ester has yet been 
obtained by any of the usual methods, which indicates that the 
alcohol is tertiary. By the action of a chloroform solution of 
bromine in the cold it is converted into a rather unstable dibromide, 

^is^eOBrg. 

The compound C 15 H 26 (OH) 2 is quite a stable substance, and is 
probably a glycol with both hydroxyl groups attached to tertiary 
carbon atoms. It possesses properties closely similar to those of 
eadinene glycol (Henderson and Bobertson, J., 1924, 125, 1992). 
The fact that the hydrocarbon product of the reaction gives a good 
yield of caryophyllene dihydrochloride on treatment with hydrogen 
chloride indicates that these hydroxyl derivatives also retain the 
dicyclic caryophyllene structure. 

Wallach and Walker (loc. cit.) found that caryophyllene alcohol 
gives a series of halogen derivatives, of which the chloride, C 15 H 25 C1, 
can be readily obtained. We have found that this compound also, 
as was to be expected from the above results, behaves as a fully 
saturated substance like the alcohol, and therefore must also be 
regarded as being tricyclic. It thus becomes of interest to enquire 
whether hydrogen chloride can be eliminated from this compound 
by any of the usual methods, because if this proved to be the case, 
a new type of tricyclic sesquiterpene would be expected, of which 
the above-mentioned compound would be the hydrochloride. 

We have found that this chloride is much more stable than the 
known hydrochlorides of the sesquiterpene series. Even after 
prolonged heating in a concentrated alcoholic solution of sodium 
ethoxide, or with quinoline, practically all the compound was 
recovered unchanged. On treatment with sodium acetate in 
glacial acetic acid solution, however, chlorine was removed from 
the molecule, but the product of the reaction in this case proved 
to be the acetate of caryophyllene alcohol, C 15 H 26 *OAc. Wallach 
and Tuttle (Annalen, 1894, 279, 393) mention a caryophyllene 
acetate, but as no melting point or other data are given, it is 
impossible to state whether the compound we have obtained is 
similar to theirs. 

Since hypochlorous acid has proved of service in investigating 
the simpler terpenes (compare Slawinski, Ber., 1899, 32, 2064; 
Henderson and Marsh, J., 1921, 119, 1492; Henderson and Kerr, 
J., 1924, 125, 102), we examined the action of this reagent on 
^-caryophyllene. In this case, however, instead of using a dilute 
aqueous solution of the acid we adopted Detoeufs method of 
preparing chlorohydrins (Bull. Sac* chim* ? 1922, 31, 102, 169, 176) 
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through, the agency of ehloroearbamide, which in acid solution 
undergoes hydrolysis with formation of carbamide and hypochlorous 
acid. In order to regulate the reaction and to diminish the rate of 
hydrolysis of the ehloroearbamide, the caryophyllene was dissolved 
in 4—5 times its bulk of acetone. The first product of the reaction 
was not obtained in a pure state, but appeared to be a dichlorohydrin 
of caryophyllene, C 16 H 24 C1 2 (0H) 2 . On treatment with acetic 
anhydride it yielded a small quantity of a monoacetate, but also in 
an impure state. When distilled at 1 mm. pressure, it was converted 
into a saturated compound of the formula C^H^OClg. This sub¬ 
stance, a colourless liquid, appears to be the anhydride of the 
dichlorohydrin. The chlorine in this compound is not easily 
replaced, and oxidation with hydrogen peroxide yielded no definite 
product except some succinic acid. 

If caryophyllene has the constitution (II) given above, the 
constitution of the dichlorohydrin may be represented by the 
formula (III)'and that of the anhydride by (IV). 

CMe CMe 

H 2 (/J^cH-CH a -CMe(OH)-CH 2 Cl H 2 /] 1 ^CH-CH a -CMe*CH a CI 
HC' CMe-OH HC 7 CMe-0 

\hC 1 (HI.) \lHCa (IV-) 

It is true that the supposed anhydride does not undergo hydration 
to the corresponding glycol on treatment with dilute sulphuric 
acid, but Franke and Lieben ( Monatsh ., 1914, 35, 431) have shown 
that the anhydrides of 1 :4- and 1 : 5-glycols are quite stable in 
this respect. 

Experimental. 

Preparation and Properties of Caryophyllene Alcohol. —The 
p-caryophyllene used in the following experiments was purified by 
fractional distillation (compare Robertson, Kerr, and Henderson, 
toe. cit.). To 1 litre of acetic acid containing 12 c.c. of sulphuric 
acid and 40 c.c. of water, 150 g. of caryophyllene were added and 
the whole was maintained at 80—100° for 30 hours. The product 
was steam distilled. At first acetic acid and an oil passed over, 
then the solid alcohol slowly distilled. After crystallisation from 
light petroleum at a low temperature it melted at 94—96° (yield, 
about 30%). 

The liquid product of the hydration was collected by means of 
light petroleum and dried. On removing the solvent and allowing 
the product to remain 24 hours at 0°, a further quantity of the 
alcohol separated and was removed. The resulting oil was distilled 
un^ diminished pressure and the main fraction was finally redis- 



THE CHEMISTRY OP THE CARYOPHYLLENE SERIES. PART I. 67 

tilled over sodium in a vacuum. The product consisted of a colour¬ 
less oil with a pleasant odour which had b. p. 110—114°/9 mm., 
< 1*5010, df 0*9263, [«]&, -19*56°. [R£\ D found, 64*8; calc, 
for a tricyclic sesquiterpene, 64*4 (Found: C, 87*7; H, 11*7. 
C 15 H 24 requires C, 88*2; H, 11*8%). This substance was unsatu¬ 
rated towards bromine. 

Caryophyllene alcohol (50 g.) in glacial acetic acid (200 c.c.) and 
30% hydrogen peroxide (55 c.c.) were heated together at 50—55° 
for 52 hours. The solution was then neutralised, when practically 
the whole of the caryophyllene alcohol was recovered unchanged. 
M. p. 94°, On standing in the cold with 1% permanganate the 
latter was not decolorised, and the alcohol was recovered unchanged. 
When the alcohol was gradually treated with bromine, both in 
chloroform solution at room temperature, no absorption or 
substitution could be detected. 

Preparation and Properties of Other Hydroxyl Derivatives of 
Caryophyllene .—The dihydrochloride of caryophyllene was prepared 
by gradually treating caryophyllene (100 g.) in anhydrous ether 
(100 c.c.) with dry hydrogen chloride, the temperature of the 
reaction being kept at 0°. After remaining a further 24 hours at 0°, 
the ether was removed by passing a current of dry air over the 
surface of the liquid. On reducing the temperature to —20°, 
practically the whole of the liquid crystallised. Recrystallised from 
ethyl acetate, caryophyllene dihydrochloride had m. p. 69°, [a]5f + 
67° in 2*5% ethyl-alcoholic solution. Failure to observe the 
conditions stated, in particular with regard to temperature, results 
in a greatly diminished yield of the dihydrochloride. 

A solution of caryophyllene dihydrochloride (50 g.) in glacial acetic 
acid (250 g.) was gradually treated with silver acetate (70 g*)* 
The mixture was shaken for 2 to 3 hours at room temperature, and 
the reaction completed by gently warming on the water-bath. On 
cooling, the silver chloride was filtered off, and the acetic acid 
neutralised with sodium carbonate. The resulting product, con¬ 
sisting principally of acetates, was collected by means of ether and 
hydrolysed by warming with dilute methyl -alcoholic potash for J 
hour. After the alcohol had been distilled off, the product was 
rendered neutral with carbon dioxide and steam distilled. The 
portion volatile in steam was collected with ether, dried over 
anhydrous sodium sulphate, and distilled under reduced pressure. 
After several distillations, three principal fractions were obtained: 
(a) b. p. 122—130710 mm., (b) b. p. 130—140710 mm., and (c) 
b. p. 140—150710 mm. The fraction (a) consisted of regenerated 
caryophyllene. When treated with hydrogen chloride in the manner 
described above, an almost theoretical yield of the dihydrochloride, 

d2 
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m. p. 69°, was obtained. The fraction (c), which represented about 
20% of the product, on further purification had b. p, 142—150°/10 
mm., d 1 / 0*9632, rtg 1*5015; [jBx]d found, 68*03; calc, for a dicyclic 
sesquiterpene alcohol, 68*12 (Found: C, 80*6; H, 11*2. C 15 H 26 0 
requires C, 81*1; H, 11*7%). This substance gave no solid deriv¬ 
ative when treated in the usual manner with phthalic anhydride, 
or with phenylearbimide, and therefore appears to be a tertiary 
alcohol. On boiling with acetic anhydride, dehydration occurred 
yielding a hydrocarbon. The alcohol is unsaturated towards 
bromine and alkaline permanganate. When slowly treated with 
bromine at 0°, both in chloroform solution, absorption occurred 
but no substitution was detected. The chloroform was removed 
under reduced pressure, leaving a colourless, oily dibromide (Found: 
Br, 40*1. C 15 H 26 OBr 2 requires Br, 41*8%) which slowly decom¬ 
posed on exposure to light. The fraction (b) consisted of a 
mixture of the above alcohol and the hydrocarbon. A small 
higher-boiling fraction was also obtained, containing a higher 
percentage of oxygen, which probably consists of a mixture of the 
above alcohol with a small amount of the glycol referred to below. 

The residue from the steam distillation contained a thick brown 
oil, which was repeatedly extracted with ether and dried. On 
removing the ether, most of this substance crystallised and by the 
addition of a small amount of light petroleum the remainder was 
deposited in minute, white needles. The substance was recrystal¬ 
lised from ether as a flocculent mass of minute needles, m. p. 173° 
(yield 3%). The composition corresponds with that of earyophyllene 
glycol, C 16 H 26 (OH) 2 (Found : C, 74*5; H, 11*7. C 15 H 28 0 2 requires 
C, 75*0; H, 11*7%). The substance is very soluble in alcohol, 
slightly soluble in ether, and almost insoluble in light petroleum. 
It does not decolorise bromine or alkaline permanganate solution. 

Reactions of Chbrodihydromryophyllene .—The chloro-compound, 
was prepared by the action of phosphorus pentachloride 
on the alcohol (Wallach and Walker, toe. cit.) and purified by crystal¬ 
lisation from light petroleum. M. p. 63° (Found : Cl, 14*9. Calc., 
Cl, 14*8%). The yield was almost theoretical. 

A portion was refluxed at 100° with a concentrated solution of 
•sodium ethoxide for 12 hours. No action took place and the 
-chloride was recovered unchanged. Another portion was heated 
at 210° in quinoline solution for 3 hours, but again the compound 
was recovered unchanged. A third portion (20 g.) was dissolved 
in glacial acetic acid (150 c.c.), and anhydrous sodium acetate 
(19 g.) gradually added. The solution was boiled for 3 hours. 
After I hour, sodium chloride began to be deposited. On cooling, 
4>he product was diluted with water and extracted with light 
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petroleum. After removing the solvent from the dried extracts, 
the product was distilled under reduced pressure, when a colourless 
oil was obtained, b. p. 149—152°/10 mm., which was saturated 
towards bromine. When mixed with light petroleum and cooled 
to —20°, a solid mass of small, white crystals separated, which on 
purification melted at 40°. The yield was nearly theoretical. 
This substance is fairly soluble in alcohol and in petroleum. Acid 
ethyl-alcoholic hydrolysis yielded ethyl acetate, and by hydrolysis 
with methyl-alcoholic potash a theoretical yield of caryophyllene 
alcohol, m. p. and mixed m. p. 95°, was obtained. The substance 
is therefore caryophyllene acetate, C^H^O’CChCB^ (Found : 
C, 76*8; H, 10*6. C 17 H 28 0 2 requires C, 77*2; H, 10*6%). 

The Action of Eypochlorous Acid on p- Caryophyllene .—A solution 
of 108 g. of chlorocarbamide (2 mols.) in 300 c.c. of water was added 
slowly to a cooled solution of 120 c.c. of (3-caryophyllene (1 mol.) 
and 10 c.c. of acetic acid in about 500 c.c. of acetone, and the mixture 
shaken for several hours until all the hypochlorous acid had dis¬ 
appeared. The acetone was then distilled off, the residual liquid 
extracted with ether, and the extract dried and distilled. The 
product, which presumably was the dichlorohydrin of p-caryo- 
phyllene, C 15 H 24 (0H) 2 C1 2 , was a yellow, oily liquid, which could not 
be obtained in crystalline form, was not volatile in a current of 
steam, and could not be distilled without partial decomposition. 
The compound did not give a semicarbazone nor a nitrobenzoate, 
but when a portion was warmed with acetic anhydride (2 mols.) 
after addition of a drop of sulphuric acid reaction took place quickly. 
The product was extracted and after repeated distillation under 
diminished pressure yielded a colourless liquid, b. p. 190—200° 
of which the composition approximated to that of a monoacetate 
of the dichlorohydrin (Found: C, 57*1; H, 6*9; Cl, 19*9. 
C 17 H 28 0 3 C1 2 requires C, 58*1; H, 7*1; Cl, 20*2%). The supposed 
dichlorohydrin distilled at 1 mm. with little decomposition. 
Repeated fractionation finally yielded a colourless liquid, b. p. 125— 
140°/1 mm., which was essentially the anhydride of the dichloro¬ 
hydrin (Found: 0, 62*3; H, 7*9; 01, 23*4. C^H^OClg requires 
C, 61*8; H, 8*3; Cl, 24*3%). 

This compound is saturated towards both bromine and potassium 
permanganate. It does not react with ^-nitrobenzoyl chloride, 
with semicarbazide acetate, or with ammoniacal silver nitrate. 
It is not attacked by boiling aqueous 2% sulphuric acid or by dilute 
aqueous potassium hydroxide, but when heated with an aqueous 
alcoholic solution of the last reagent yielded an oily liquid which 
contained only a trace of chlorine, was unsaturated, and did not 
give the reactions of an alcohol. 
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Attempts to replace the chlorine in this compound by hydrogen 
were not successful. Addition of successive quantities of sodium 
amalgam to an alcoholic solution containing a trace of water resulted 
in the production of a yellow, oily liquid, which distilled for the 
greater part at 120—130°/1 mm., and still contained 14*20% of 
chlorine. Thus by this treatment approximately one atom of Cl 
was replaced (C^H^OCl requires Cl, 13*8%). Prolonged heating 
of the compound with zinc dust and alcohol failed to yield a sub¬ 
stance free from chlorine. 

On oxidation with 30% hydrogen peroxide in glacial acetic acid 
solution the chloroanhydride yielded a small quantity of a viscous 
neutral product, some succinic acid, and another acid, in the form 
of a brown oily liquid, which has not been identified. 

We are grateful to the Carnegie Trust for the award of grants 
which assisted us to prosecute this work. 

Uktyersitv of Glasgow. {Received, November 14 th, 1925.] 


XIV .—The Density of Boric Oxide Glass and the 
Suspected Variation in the Atomic Weight of Boron. 

By Henry Vincent Aird Briscoe, Percy Lucock Robinson, 
and George Edward Stephenson. 

Through the courtesy of Messrs. Borax Consolidated, Ltd., the 
authors, in 1922, were in possession of several parcels of boron 
minerals obtained from various parts of the world and containing 
a high percentage of boron. At that time an attempt was made to 
compare the atomic weights of the several specimens of boron con¬ 
tained in these minerals by preparing from each a specimen of boric 
acid, purifying these specimens by rigorous fractional crystallisation, 
and determining the density at 25*00° Jr 0*02° of their aqueous 
solutions saturated at that temperature. The accuracy of the 
results as measured by their reproducibility fell short, however, of 
that necessary to give trustworthy evidence of any difference in 
atomic weight and this method of attack was abandoned. 

Thereafter three of the samples of boron were used for determin¬ 
ations of the atomic weight by measurement of the ratio BC1 3 : 3Ag 
which have already been reported (J., 1925,127, 700). These deter¬ 
minations gave evidence of an appreciable variation in atomic 
^rmpg the three samples. Therefore, as sufficient of all the 
upgmal mineral samples was still available, a fresh attempt was made 
to obtain a comparative estimate of the atomic weights by deter- 
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mining the densities of samples of a solid boron compound prepared 
from the several sources. Of the available compounds, boric oxide 
glass appeared to be the most suitable; boric acid is easily prepared 
from the minerals, its low solubility in cold water renders its recrystal¬ 
lisation an excellent method of purification and it readily dehydrates 
to yield boric oxide glass, which, because of its chemical stability 
and transparent glassy character, seemed to be especially well suited 
to precise density determinations. 

Although much attention has been given to the improvement 
of the specific gravity bottle (see, e.g., Berkeley, J., 1907, 90, 56; 
Baxter, J, Amer, Chem. Soc., 1908, 30, 46; Johnson and Adams, 
ibid., 1912, 34, 563), it is difficult to attain high accuracy in the 
determination of the density of solids by displacement methods. 
Moreover, as boric oxide is extremely hygroscopic, being in fact 
coated with an opalescent film of hydrated oxide in less than one 
minute when exposed to air of ordinary humidity, it is clear that the 
use of any form of specific gravity bottle for the determination of 
its density is attended by very serious difficulty. Therefore it was 
decided to use a modification of the flotation method suggested by 
Andreae (Z. physical. Chem ., 1911, 76, 491). Beads of pure boric 
oxide glass prepared from each of six sources, with all precautions 
to exclude traces of moisture, were sealed up in tubes containing 
the same mixture of dry, inert organic liquids of suitable density; 
then careful observations were made of the temperature of flotation 
of the beads of each sample. Separate determinations of the density 
and thermal expansion of the liquid mixture enabled the actual 
densities of the boric oxide samples to be calculated. Thence, using 
the ascertained atomic weight of the boron in one sample as a 
standard, it was possible, assuming identity of atomic volume for all 
specimens of boron, to calculate the atomic weights of the specimens 
of boron in the remaining samples. 

Experimental. 

Preparation of Beads of Pure Anhydrous Boric Oxide, —The sources 
of the various samples were; 

No. 1. Calcined borate of lime; Ascotan, Chile. 

No. 2. Calcined colemanite; Death Valley, California, U.S.A. 

. No, 3. Borate of lime; the Argentine. 

No. 4. Borate of lime; Peru. 

No. 5. Boracite; Sultan Tchair, Asia Minor. 

No. 6. Crude boric acid; Volterra, Italy. 

Samples 1 to 5 were separately treated as follows : 200 g. of 
mineral were dissolved as far as possible in hot 10% hydrochloric 
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acid, the solution was filtered hot, cooled quickly, and the precipi¬ 
tated boric acid was removed by filtration* The acid was twice 
recrystallised from pure water, the product was fused in platinum 
and then dissolved in pure hot water and allowed to crystallise. 
From this stage all the samples of boric acid, including No, 6, were 
twice recrystallised from pure water and each batch of crystals was 
tested for purity. 

Owing, presumably, to the insolubility of calcium borate and the 
comparative insensitivity of available tests for calcium, no trace 
of that metal could be detected in the boric acid even at an early 
stage of the purification, but sulphate and chloride were then present 
in detectable amounts. Therefore the progress of purification in the 
later crystallisations was followed by tests for sulphate and chloride, 
and the apparent absence of these radicals in the final main crops of 
boric acid and in the mother-liquors whence these had come was 
taken as an indication of high general purity. The purified boric 
acid was stored in clean stoppered bottles, capped to exclude dust. 

In the preparation of beads 10 g. of each sample were fused for 
4—5 hours in a suitable covered platinum crucible heated at about 
900° in an electric muffle furnace. The term suitable is stressed 
because it was only after several trials that a platinum crucible 
was found from which iron was not leached by the melt. Even 
after this drastic treatment, boric oxide still contains water, presum¬ 
ably because the high viscosity of the melt hinders its escape, and 
in order to dehydrate the material completely and prepare suitable 
individual samples for flotation, the crucible was again heated over 
a M6ker burner and a quantity of the fused oxide was collected on a 
platinum wire. This was heated in a hot bunsen flame for 1 minute 
and if it then showed no sign of bubbles—a clear indication of the 
complete absence of water—it was allowed to drop from the wire 
directly into a clean cold platinum basin, which had been previously 
heated to redness and then rested in a desiccator over phosphoric 
oxide, the lid of the desiccator being raised for the minimum time. 
When bubbles appeared in a bead, the material was rejected, as it 
was found that such beads could be almost completely volatilised 
before losing their vesicular structure. The beads were about 3 mm. 
in diameter and from 30—35 were prepared from each sample. A 
number of test beads examined under the microscope were isotropic, 
contained no visible bubbles and, between crossed Nicols, appeared 
free from strain. 

Preparation of the Flotation Liquid .—No single liquid of suitable 
chemical nature having the required density could be found, so a 
binary mixture was used. It appeared that the constituents of this 
mixture should be chemically stable and non-reactive, should be 



THE DENSITY OF BORIC OXIDE GLASS, ETC. 73 

capable of being thoroughly dried by means of phosphoric oxide, 
should have densities slightly below and above 1-8, should have 
closely similar and preferably rather high boiling points and fairly 
low viscosities. The requirements of the case were met by a mixture 
of pentachloroethane (b. p. 161*7°, D 1*693) and trimethylene 
dibromide (b. p. 165*0°, D 1*987) containing 61*07% by volume of 
the former liquid. Both liquids were obtained from Messrs. British 
Drug Houses, Ltd.; and were further purified by fractional distil¬ 
lation, about 20% being rejected as head and tail fractions. The 
main fraction of pentachloroethane was collected between 160° and 
162*5° at 762*6 mm. and that of trimethylene dibromide between 
164*0° and 167*0° at 762*6 mm. 


Fig. 1. Fig. 2. Fig. 3. 



About 120 c.c. of the mixture were left in contact with phosphoric 
oxide for 24 hours. Slight decomposition and darkening occurred, 
probably owing to slight conversion of trimethylene dibromide into 
propylene dibromide (b. p. 141*7°, D 1*9), but the method of experi¬ 
ment ensured that any change in the density or volatility of the, 
mixture thus produced would have no effect on the density found for 
boric oxide. 

The apparatus used for the final purification and preservation of 
the flotation mixture is shown in Big. 1. Both it and the other 
apparatus to be described later were constructed throughout of 
“ Durosil 55 glass and before use were soaked in a solution of chromic 
acid in strong nitric acid, washed very thoroughly with pure water, i 
dried in an air-oven at 150°, and finally swept out for some time 



74 


BRISCOE, ROBINSON, AND STEPHENSON : 


■with a slow stream of air which had been cleaned by bubbling 
through concentrated aqueous potash and dried by passage over 
solid caustic potash and phosphoric oxide, The tubes at H and I 
being temporarily sealed by fusion, a stream of dry air was passed 
in at 0 and out through a phosphoric oxide guard-tube on D, and the 
liquid mixture was introduced through E into the vessel A : tubes 
E and C were then sealed. A was cooled with ice and the apparatus 
was evacuated by a Gaede pump through D, which was finally 
sealed off at the constriction F. At this stage the liquid was almost 
completely distilled from A to B. Then both A and B were cooled 
with ice, dry air was slowly admitted at C, and the vessel B was 
sealed off from A at G. The reason for thus admitting air was to 
displace the vapour of the organic liquids from the connecting 
tube before sealing off: in this way perfectly clean seals were 
obtained, whereas the vapour, if present, carbonises when heated to 
redness. The vessel B was stored in a dark place until required. 

Filling of the Flotation Tubes .—These tubes, of the form shown in 
Fig 2, were constructed of very thin-walled Durosil tubing of about 
8 mm. bore, had a fine bent capillary at J, and were slightly con¬ 
stricted at L and K. The length of the tube between K and J was 
about 30 cm. Each tube bore an etched number corresponding 
with the sample of boric oxide it was to contain, and was charged 
with beads as follows : While dry air was passed through J up the 
perfectly clean and dry tube, beads, from 30—35 in number, of one 
sample of boric oxide were quickly removed from the phosphoric 
oxide desiccator and poured into this tube: the tube was then 
immediately sealed off first at L and then at J. 

The procedure for filling the tubes with liquid was necessarily 
elaborate, but worked without a hitch in practice. A large aspirator 
bottle, containing a quantity of loose phosphoric oxide and air under 
slight pressure, was connected to the sealed tip of F (previously 
scratched with a file) by pressure tubing, through a train consisting 
of a tap, a phosphoric oxide guard-tube and a T-piece opening to 
the atmosphere by means of a tap and phosphoric oxide guard-tube 
on the side limb. The apparatus having been very thoroughly 
dried, pressure was raised in the aspirator and the whole was 
allowed to stand for over an hour to ensure adequate drying of the 
additional air. Thereafter the tip F was broken inside the rubber 
tube and the fine delivery tube I was also opened near the tip and 
at once inserted in a guard-tube carrying a current of dry air. Then 
each flotation tube in turn was cracked just below L by means of a 
shag* file and a hot rod, the top was lifted off, a fine bent tube 
delivering a current of dry air was passed down below the con¬ 
striction K, and then the flotation tube was slipped quickly over 
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the jet I of the reservoir B, from which the guard-tube had been 
that instant removed. By admitting air from the aspirator, liquid 
was forced over from B until the flotation tube was filled to a depth 
of about 20 cm. The flow of liquid was stopped by shutting off B 
from the aspirator and releasing the pressure in B by opening to 
the air the guarded tap in the connecting train. Then the flotation 
tube was withdrawn from I (and replaced immediately by the guard- 
tube), the fine tube delivering air was lifted just above the con¬ 
striction K, and the flotation tube was sealed with the blow-pipe at 
that point. 

After the drill had been mastered by practice runs on blank 
apparatus, this procedure occupied much less time than it takes to 
describe. In the final experiments, the time required to fill a tube 
averaged four minutes, and no one tube was open for more than 
4| minutes. 

Determination of the Density and Thermal Expansion of the Liquid . 
—Tor this purpose a special pyknometer of the form shown at M 
(Fig. 3) and holding about 10 c.c. was used. It had at N a taper 
ground carefully to fit both the cap, 0, and the bent extension tube, 
P, and at It a fine engraved reference mark. Both tubes of the 
pyknometer were of very fine bore. It was weighed against a 
precisely similar pyknometer as tare, on a balance having a sensi¬ 
tivity of 20 scale divisions per mg., by means of a set of weights 
carefully calibrated in air for atomic weight work. 

Five determinations of the weight of the pyknometer empty, 
made after various washings, fillings and immersions in the 
thermostat bath, gave concordant results, and thus afforded evidence 
that the error of weighing was probably insignificant. The weights 
of the pyknometer filled with pure water at 17*00° and 19-45° were 
determined in triplicate and thus, by means of the known specific 
volume of water, the absolute volume of the pyknometer at these 
temperatures was ascertained. 

In filling the pyknometer with the flotation liquid the reservoir 
B (Fig. 3) was opened at Q, the carefully dried extension tube P 
(closed at the ground end by means of a rubber cap) was slipped in, 
and an air-tight joint made by sliding the wired-on rubber sleeve 
over the tube P. The reservoir was opened through a phosphoric 
oxide guard-tube at H. Both reservoir and pyknometer were then 
clamped to a retort stand and immersed over the barrels in the water 
of the thermostat tank maintained at 17-00° ± 0*02°. After 20 
minutes, the retort stand was lifted from the bath, the pyknometer 
was connected by the ground joint If to the reservoir and filled 
with liquid forced over by admitting dry air through H. Then the 
pyknometer was disconnected and P was closed with its rubber cap. 

d*2 
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These operations having been carried out very quickly, the stand 
and vessels were returned to the thermostat and held at 17-00° for 
a further 30 minutes. Then the liquid level in the pyknometer was 
adjusted by drawing off the excess with a piece of pure filter -paper, 
and the pyknometer was stoppered, removed from the bath, dried 
carefully, and weighed with all due precautions. It was then 
replaced in the thermostat, maintained at 19*45° ± 0*02° for 40 
minutes, the liquid level was again adjusted, and the pyknometer was 
stoppered, dried, and weighed as before. 

These determinations gave the data necessary to ascertain with 
the requisite precision the absolute density of the liquid at two 
temperatures, comprising between them the range of flotation 
temperatures. The density at intermediate temperatures was 
obtained on the assumption, clearly justifiable for so short a tem¬ 
perature range, that the relation of density to temperature is linear, 
and was read from a large-scale graph. 

Determination of Temperature of Flotation .—The six flotation tubes, 
together with an open-scale thermometer graduated in 0*1°, were 
mounted vertically by means of rubber bands on two horizontal 
rods clamped to a retort stand. The whole apparatus was then 
immersed in a copper tank, with plate glass sides, containing about 
27 litres of water. The tank was fitted with a motor-driven paddle, 
and at about room temperature this arrangement proved to be 
sufficiently thermostatic for its purpose. In a preliminary test, the 
temperature was raised slowly from about 17° to about 19*5° by 
the addition of quantities of 190 c.c. of hot water at regular intervals, 
and the approximate temperatures of flotation of the several 
samples of beads were observed. The final observations were made 
in each tube separately, and the temperature at which the beads 
remained suspended was noted for each sample. In all cases one 
or two beads—never more—whilst of the same order of density, 
appeared to be slightly heavier than the rest and sank first. The 
movement of the next lot in order of density, usually upwards of 6 
(which were followed down almost immediately by the main bulk), 
was therefore observed with the aid of a fixed telescope, and the 
bath temperature was carefully regulated until they were brought to 
rest midway in their fall through the liquid. These beads were 
maintained stationary in suspension for 30 minutes and the temper¬ 
ature was observed every 3 minutes : these temperature rea din gs 
did not vary over a greater range than 0*02° and the mean value 
was taken as the flotation temperature. 

As file beads floated for \ hour at a substantially constant tem¬ 
perature, it is evident that they must have been in thermal equili¬ 
brium with the liquid. Any small defect in this respect would have 
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a negligible effect on the results owing to the smallness of the thermal 
expansion of boric oxide glass. Samsoen ( Compt . rend., 1925,181, 
354) has shown that up to 240° this has a value about 15 x 1CT 6 , 
whence a change of temperature of 0*1° (which is large in relation 
to the present measurements) changes the density of the glass by 
about one unit in the eighth decimal place. 

Further, the prompt movement of the beads when the slightest 
perceptible change was made in the bath temperature showed that 
the flotation liquid within the tubes acquired the temperature of the 
bath with very little delay, probably within one minute. This is 
the more probable because other experiments in progress in these 
laboratories have shown that some 60—100 c.c. of liquid contained 
in a sealed tube 30 mm. in diameter with walls 1| mm. thick, 
without agitation, requires only some 8—15 minutes to acquire 
within 0*01° the temperature of a water-bath in which it is wholly 
immersed. 

Results . 

The following values for the density of the liquid, relative to water 
at 4°, are each the mean of two concordant determinations:— 


Temperature ... 17-00° 19-45° 

Volume of pyknometer .... 9-7822 c.c. 9*7825 c.c. 

Weight of liquid contained by pyknometer ... 17-5858 g. 17-5471 g. 

Density of liquid .. 1-79773 1-79372 


The table given below shows for each sample of boric oxide the 
flotation temperature, the corresponding density, the atomic weight 
calculated from the density, and, in the case of three samples, the 
atomic weight derived from determinations of the ratio BC1 3 : 3Ag 
using boron trichloride prepared from the same original samples 
In calculating the atomic weight corresponding to the ascertained 
density, sample 5, derived from boracite from Sultan Tchair, Asia 
Minor, was taken as standard, with the atomic weight B == 10-818. 
Hence for any other sample, X, the atomic weight is found by : 


At. wt. of boron in X 


48 


, f De nsity of X x Mol, wt. of standard B a Q 8 
- \ ~Density of standard B 2 d 3 

Relative atomic weight. 




. . . »'»' '■* ^ 1 " . . % 

Determined 

Sample Place of Flotation Calc, from . from ratio 

No. origin. temp. Density. density. Bdj:3Ag. 

2 California 17-36° 1-79711 10-847 10-841 

6 Tuscany 18-16 1-79583 10-823 10-826 

6 Asia Minor 18-30 1-79558 10-818 (standard) 10-818 

1 Chile 18-30 1-79558 10-818 

3 Argentine 18-65 1-79501 10-806 , ' 

4 Peru 10-25 1-79404 10-788* 

* The beads of this sample showed a considerably greater variation in 
density among themselves than Was observed in the ease of the other samples* 
Hence the authors attach less weight to this figure than to the data for 
samples 1—5 inclusive. 
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Discussion of Results . 

The method of determining densities here described may clearly 
be made to yield extremely precise results and is applicable to a 
great variety of solids, provided that a suitable flotation liquid 
can be obtained. The values recorded show that the mean density 
of pure fused boric oxide is 1*7952 and that the value 1*88 commonly 
used is considerably in error. 

The estimated maximum error in the determination of the specific 
gravity of the flotation liquid is ± 0*00008 : the actual error is 
probably rather less at temperatures intermediate between 17*00° 
and 19*45°. Owing to the means adopted to ensure that all the 
flotation tubes were filled at one time from the same well-mixed 
bulk of liquid, the relative values of the specific gravity deduced from 
the flotation temperatures are probably uncertain only in so far as 
those temperatures are uncertain. It is unjustifiable to attempt to 
report in detail the very numerous and detailed records of the 
observations of flotation temperatures, but they have been sub¬ 
jected to the most critical examination by the three authors working 
independently and the utmost difference of opinion thus elicited in 
their interpretation would not affect by one unit the third decimal 
of the atomic weight in any case. Hence it seems probable that the 
relative densities have an error less than 1 part in 10,000 parts, 
and that the maximum error in the relative values of the atomic 
weight does not exceed four or five units in the third decimal. 

Admitting the view here expressed as to the precision of these 
results, the observed differences among them require explanation. 
The authors believe that the samples of boric oxide are very pure 
and, moreover, that the uniformity so carefully observed in their 
purification and subsequent treatment should have ensured that any 
impurity, for example, a possible trace of water, which theymay have 
retained can have had little influence on the relative values found 
for their densities. Hence the observed differences are attributed 
to a variation in the atomic weight of one of the elements present 
and as there exists no evidence that such variation is possible in 
the case of oxygen, it is assumed to occur in the atomic weight of 
boron. The good agreement in three cases between the relative 
atomic weights deduced from the density values and found by the 
determination of the ratio BC1 3 : 3Ag (Briscoe and Robinson, J., 
1925, 127, 696) can scarcely be accidental, and the authors believe 
that the present work confirms the conclusions drawn in the 
paper cited. 

If these atomic weight values are correct, it is remarkable that 
the atomic weights of boron from the Argentine and Peru are very 
appreciably lower than any values hitherto recorded. 
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Evidently a determination of the horon halide: silver ratio for 
material from these sources would constitute a valuable check on 
the present results and conclusions, and the authors have considered 
underta kin g this investigation. It appears to them, however, that 
any further work they might do on the atomic weight of boron can 
add but little to the value of the evidence they have already advanced, 
and that they should now leave it to other chemists to confirm or 
refute the conclusion, drawn from that evidence, that boron, like 
lead, has an atomic weight varying with its source. It is much to 
be hoped that this further investigation will be undertaken. 

The authors desire to acknowledge a grant from the Department 
of Scientific and Industrial Research enabling one of them (G.E.S.) 
to take part in this work. 

University op Durham, Armstrong College, 

Newcastle upon Tyne. [Received, November 25th, 1925.] 


XV._ Butyl Esters of the Simpler Amino-acids. 

Part I. 

By Walter Thomas James Morgan. 

Hitherto, with few exceptions, only the ethyl esters of the amino- 
acids have been prepared and examined (Curtius, Ber., 1883, 46, 
753; 1884, 17, 953; J. pr. Chem., 1888, 37, 150; Fischer, Ber., 
1901, 34, 433)- Butyl esters have now been prepared. These are 
more stable than the corresponding ethyl esters—inasmuch as quan¬ 
tities up to 20 g. distil almost completely, whereas ethyl esters 
distilled under similar conditions invariably leave a brown residue 
—and are much less volatile in ether vapour under diminished 
pressure. They should be, therefore, the more suitable form in 
which the monoamino-acids produced by the hydrolysis of proteins 
may be estimated. Since the application of this method for the 
separation of the monoamino-aeids of protein is now unavoidably 
postponed, it seems desirable to publish the work so far completed. 

Experimental. 

n .Butyl Glycine Hydrochloride.—G lycine (5 g.) suspended in lOO g. 
of dried and carefully fractionated butyl alcohol was esterified by 
the method of Curtius (Ber., loc. cit.). Several similar preparations 
of the hydrochloride were made using the dry lead salt of the acid. 
The finely divided lead chloride that separates has, according to 
Foreman (Biochem. J., 1919, 13, 378), a favourable catalytic effect 
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on the rate of esterification. The mixture saturated with hydrogen 
chloride was heated on a boiling water-bath until the amino-acid 
dissolved, the excess of butyl alcohol was then distilled under reduced 
pressure, and the pale yellow syrup of the ester hydrochloride 
crystallised from ethyl acetate. The solid so obtained was quickly 
ground, kept for 2 days over solid potassium hydroxide, and crystal¬ 
lised from ether-ethyl acetate (1 :2), separating in flat laminae, 
m. p. 69—71°. (All melting-point determinations were carried out 
in sealed capillary tubes owing to the hygroscopic nature of the 
ester hydrochloride.) It dissolved readily in water, alcohol, acetone, 
or ethyl acetate, but was only sparingly soluble in ether or chloroform 
(Found : N, 8*2; 01,21-1. C 6 H 14 0 2 NC1 requires NT, 8*3; 01,21*2%)# 

n-Butyl Glycine , NH 2 *CH 2 *C0*0*C 4 H 9 .—To a vigorously shaken 
suspension of the hydrochloride (21*5 g.) in dry ether (250 c.c.) at 
0°, anhydrous baryta was added, in portions of about 1 g., until it 
was in excess; even so, some hydrochloride remained, but this 
decomposed on addition of 5 c.c. of 70% potassium hydroxide solu¬ 
tion. The whole was immediately shaken and filtered and the 
residue, consisting of baryta, barium chloride and a little undissolved 
ester, was shaken with two further quantities of ether. The com¬ 
bined ethereal filtrates were concentrated under reduced pressure 
to about 40 c.c., the temperature being kept below 30° to prevent 
volatilisation of the ester with the ether vapour. The ester distilled 
at 81—8T5°/18 mm. as a colourless oil having the characteristic 
odour of all amino-acid esters (yield, 14 g. or 83%; d 16 * 0*9703). 
The ester is soluble in water, ether, or alcohol (Found: NT, 10*6. 
C 6 H 13 0*N requires N, 10*7%). 

In a sealed glass tube, the freshly distilled ester (5 g.) changed 
completely in 24 hours into a white, crystalline solid. This sub¬ 
stance gave an intense biuret reaction, charred without melting at 
240°, and was insoluble in alcohol, chloroform, glacial acetic acid, 
or benzene but fairly easily soluble in hot water (Found in material 
washed free from butyl alcohol: 0, 48*6; H, 7*7. Triglycylglycine 
butyl ester requires C, 47*7; H, 7*3%). A further preparation of 
this compound is being carried out, when it is hoped to recrystallise 
the substance and determine its molecular weight. 

The picrate was prepared by warming together at 60° for \ hour an 

alcoholic solution of the ester (3 g.) and a solution of picric acid 

(5-2 g.) in 50% alcohol. On cooling, the picrate separated in pale 

yellow laminae, m. p. 113°, which were very soluble in acetone, 

somewhat soluble in chloroform or ether, and insoluble in light 

petroleum or ligroin (Found; N, 15*6. C 12 H 1ft O fl N, requires 
N, 15*5%). 12 16 9 4 u 

The benzoguirmte derivative, (C 4 H 9 -0-C0-CH2-NH) a C 6 H 2 0 2 , 
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separated in scarlet needles from the dark red solution produced by 
the interaction of the ester (3 g.) and benzoquinone (4 g.) in ether 
at 0°. The crystals were washed with ether and freed from quinol 
by dissolution in chloroform; the quinone compound, m. p. 179— 
180°, was precipitated from the solution by light petroleum 
(Found : N, 7-6. C 18 H 26 0 6 N 2 requires KT, 7*6%). 

n-Butyl carbamidoacetate, H 2 N-C0*NH-CH 2 *C0*0*C 4 H 95 separated 
in tufts of colourless needles, m. p. 119°, when butyl glycine hydro¬ 
chloride (2*8 g.), dissolved in a minimum of water, was warmed with 
a solution of potassium cyanate (1*7 g.) on a water-bath. It was 
soluble in hot ethyl alcohol, sparingly soluble in cold acetone, and 
insoluble in light petroleum or ligroin (Found : N, 16*1. C 7 H 14 0 3 N 2 
requires N, 16*2%). 

isoButyl Glycine Hydrochloride .—A suspension of glycine (15 g.) 
in dry isobutyl alcohol (250 c.c.) was saturated with hydrogen 
chloride, and solution completed by heating on a boiling water-bath 
for | hour. The subsequent procedure was as described in the case 
of the ^-butyl ester hydrochloride. The hydrochloride , m. p. 84—88°, 
is very hygroscopic and quickly liquefies on exposure to air. It is 
readily soluble in alcohol or ethyl acetate, but only sparingly soluble 
in ether or chloroform (Found: N, 8*4; 01, 21*2. C 6 H 14 0 2 NC1 
requires N, 8*4; 01, 21*2%). 

iso Butyl glycine was obtained from its hydrochloride (37 g., recrys¬ 
tallised from ether-ethyl acetate [2; 1] and dissolved in 750 c.c. of 
dry ether) in the same way as the normal ester. The ether was 
dried over anhydrous potassium sulphate. The pure ester is a 
colourless, oily liquid with a characteristic odour (yield, 73%), 
b. p. 79*5—80*5°/lS mm., d*>' 0*9609, d lV 0*9618. It is readily 
soluble in water, alcohol, or chloroform (Found : C, 54*9; H, 9*9. 
requires 0, 55*1; H, 9*9%). 

The picrate was obtained by warming together an alcoholic solu¬ 
tion of the ester (2 g.) and an aqueous-alcoholic solution of picric 
acid (1 mol.) and pouring the mixture into water. The picrate 
was crystallised from benzene, dried in a vacuum desiccator, 
and, as the melting point was not sharp, recrystallised from alcohol 
and was thus obtained in needles, m. p. 82—87°. It was only 
slightly soluble in ether or light petroleum (b. p. 40—60°) and 
insoluble in ligroin (Found: N, 15*5. C 12 H 16 0 9 N 4 requires N, 15*5%). 

The benzoquinone derivative was prepared and purified as was the 
preceding isomeride. The scarlet needles obtained, m. p. 171—172°, 
were insoluble in hot or cold water or ligroin, somewhat soluble in 
ether, and readily soluble in cold chloroform or 50% aqueous alcohol 
(Found: C, 59*2; H, 7*3; N, 7*7/ G^Tl^O ^requires O, 59-0; 
H, 7*1; N, 7*7%). 
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Unless stated otherwise, the following substances were prepared 
in essentially the same ways as the corresponding compounds already 
described. 

n-Butyl 61-Alanine Hydrochloride .—Prepared from racemic 
alanine (15 g.) and recrystallised from ethyl acetate, this compound 
melted at 58—61° (sealed tube), rapidly deliquesced in moist air, 
and was only slightly soluble in ligroin or ether but readily soluble 
in ethyl alcohol, benzene, chloroform, or acetone (Found: 1ST, 7*7; 
Cl, 19-5. C^eO^NCl requires N, 7*7; Cl, 19*6%). 

n-Butyl 61-alanine was obtained as a colourless, oily liquid, b. p. 
81*5—82°/16 mm., cZ 19 * 0*9342 (yield 66%), having the usual 
characteristic odour. It is soluble in water, ether, alcohol, or 
chloroform. After being kept in a sealed glass tube for 3 weeks, 
the ester showed no signs of anhydride formation (Found : 1ST, 9*7. 
C 7 H 15 0 2 N requires N, 9*6%). 

The picrate, m. p. 124°, crystallised in needles from 30% and 50% 
alcohol and in opaque, dendritic crystals from 5% alcohol (Found : 
H, 14*7. C 13 H 18 0 9 N 4 requires hT, 14*9%). 

Several attempts were made to isolate the benzoquinone deriv¬ 
ative. A solution of the ester and benzoquinone in dry ether 
developed a bright scarlet colour, but after cooling for several hours 
in a freezing mixture nothing separated; on cooling in solid carbon 
dioxide and ether, crystals of quinol were deposited. Evaporation 
of the ether solution gave only a red syrup which could not be 
crystallised. Precipitation with light petroleum gave only a 
dark red oil. The isolation of this compound is being further 
studied. 

iso Butyl dl- Alanine- Hydrochloride. —The syrup obtained was very 
difficult to crystallise even after drying in a vacuum desiccator over 
phosphoric oxide. Precipitation with ether of a solution of the 
hydrochloride in ethyl acetate gave a syrupy liquid which crystallised 
in flat, soft, soapy plates, m. p. 60—63° (sealed tube), which changed 
into a syrup on being exposed to air for a few minutes (Found: 
N, 7*6. C 7 H 16 0 2 NC1 requires N, 7*7%). 

iso Butyl 61-alanine, prepared from the ester hydrochloride (31 g.) 
and distilled at 77—78°/19 mm., was a colourless, oily liquid soluble 
in water, alcohol, ligroin, or chloroform (yield 95%); d ls ' 0*9330 
(Found: N, 9*7. C^^OglSrrequires N, 9*6%). 

As in the case of the butyl ester, all attempts to isolate the 
quinone derivative failed. 

The picrate was obtained quantitatively in small, flat plates, 
m. p. 132—133°, by warming the ester (2*5 g.) with a solution of 
picric acid (3*6 g.) in 50 c.c. of 50% alcohol at 70—80° for £ hour 
and cooling over-night. It was soluble in alcohol, ether, or acetone. 
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sparingly soluble in chloroform, and insoluble in light petroleum 
or ligroin (Found : N, 15-1. Ci 3 H 18 0 9 N 4 requires IT, 15*0%). 

n-Butyl 61-Valine Hydrochloride.— Prepared from dl- valine (5 g.) 
and crystallised from ethyl acetate, the hydrochloride was obtained 
in colourless, deliquescent needles, m.p. 59—60°, which were 
readily soluble in alcohol or acetone and sparingly soluble in dry 
ether or light petroleum (Found: IT, 6*7. C 9 H 20 Ofc£TCl requires 
IT, 6-7%). 

n-Butyl dl-valine was obtained from the hydrochloride (3-5 g.) 
in the usual way; the combined ethereal filtrates were dried with 
anhydrous sodium sulphate and the ether was evaporated below 
25°. The ester, b. p. 98—98*5°/17 mm., d 14 * 0-9266, was a colour¬ 
less, syrupy liquid (yield 97*5%) having the usual characteristic 
odour. It was soluble in water, alcohol, ether, or chloroform 
(Found : IT, 8*3. requires IT, 8*1%). 

The picrate formed long, yellow needles, m. p. 91—92°, which were 
soluble in acetone, ether, or chloroform, somewhat soluble in benz¬ 
ene, and insoluble in light petroleum (Found : N, 13*9. C 15 H 22 0 9 1T 4 
requires IT, 13*9%). 

n-Butyl 61-Leucine Hydrochloride. —Leucine (6 g.) was esterified 
in the usual manner. After standing in the ice-chest for 48 hours, 
the alcoholic solution deposited flat, colourless plates, which were 
recrystallised from ether and dried in a vacuum desiccator; m. p. 
110—111°. The hydrochloride was exceedingly hygroscopic, and 
very soluble in alcohol but only slightly soluble in chloroform or 
ether. It crystallised from ethyl acetate in stellate clusters of 
colourless needles (Found : N, 6*4; Cl, 16-0. C 10 H 22 O 2 ITCl requires 
IT, 6*3; Cl, 15*9%). 

n-Butyl dl-leucine, prepared from the hydrochloride (4 g.), was a 
clear, colourless, oily liquid (yield 69%), b. p. 113*5°/18 mm., 
d 1 ™* 0*8733, which was soluble in water, alcohol, ether, or chloro¬ 
form (Found: IT, 7-4. C 10 H 21 O 2 lT requires IT, 7-5%). 

The picrate was obtained in yellow needles, m. p. 139°, which were 
soluble in alcohol, ether, or acetone and insoluble in ligroin or 
benzene (Found : C, 46-1; H, 13*6. C 16 H240 9 !T 4 requires C, 46-2; 
H, 5-8; IT, 13-5%). 

iso Butyl 61-Leucine Hydrochloride. —-This compound was a clear, 
colourless syrup which slowly crystallised on standing for 2 or 3 
days over solid caustic potash in a vacuum desiccator ; it was 
recrystallised from ethyl acetate, washed with ether, and again 
dried in a vacuum desiccator (yield 81%); m. p. 97—99° (Found: 
IT, 6-3; Cl, 15*7. C^n^O^Cl requires IT, 6*3; 01,15*9%). 

teoButyl dl-leucine, b. p. I10 o /i9 mm., dP 8 ' 4 " 0*9066, was obtained 
as a colourless, oily liquid (yield 88%) which was sduble in alcohol. 
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chloroform, or ether (Found : C, 64-1; H, 11*0; N, 7*4. C 10 H 21 0 2 N 
requires C, 64*2; H, 11*2; N, 7*5%). 

The picrate crystallised from dilute alcohol in flat plates, m. p. 
135—136°, which were soluble in hot water, chloroform, or ethyl 
alcohol, slightly soluble in cold water or ether, and insoluble in light 
petroleum (Found : G, 46*0; H, 6*0; N, 13*6. C 16 H 24 0 9 ISr 4 requires 
C, 46*2; H, 5*8; N, 13*5%). 

The author wishes to express his gratitude to Dr. G. Dean for his 
kind interest at all times, and to the Chemical Society for assist¬ 
ance in the purchase of materials. 

West Ham Municipal College. [Received, August 6th , 1925.] 


XVI .—The Nitration of fi-Naphthoic Acid and Some 
Neiv Amino - and Nitro-naphthoic Acids . 

By Harold Ainsworth Harrison and Frank Albert Royle. 

The Nitration of (3- Naphthoic Acid. 

The earliest work on the nitration of (3-naphthoie acid was carried 
out by Kuchenmeister (Ber., 1870, 3, 740), and by Ekstrand (ibid., 
1879, 12, 1393), but yielded little if anything of permanent value. 
Later, Ekstrand (J. pr. Ghem ., 1890, 42, 273), by fractional crystal¬ 
lisation of the mixture of ethyl esters obtained from the crude 
nitration product, isolated five supposedly distinct compounds. Of 
these, one (m. p. Ill 0 ) gave a free acid, m. p. 295°, which was 
identical with that previously prepared by Graeff (Ber., 1883, 16, 
2252) from the nitration product of p-naphthomtrile, and was 
shown to be 8-nitro-2-naphthoic acid. The second ester (m. p. 
121°; free acid, m. p. 288°) was that of 5-nitro-2-naphthoic acid. 
From the small fractions which remained, one ester melting at 75° 
was isolated (free acid, m. p. about 285°), and two others were 
described in the following year (ibid., 1891, 43, 409); of these, 
one melted at 92° (free acid, m. p. 272° [279°] *) and the other at 

* This nitro-acid on reduction gave an aminonaphthoic acid, m. p. 211°. 
Now 5-amino-1-naphthoic acid melts at this temperature, and the 5-nitro- 
isomeride is to be expected from the nitration of a-naphthoic acid, if any 
occurred as impurity in Ekstrand’s initial material. Further, 8-nitro-l- 
naphthoic acid, which would also be formed, cannot be esterified by the 
method employed (hydrogen chloride in alcoholic solution; compare 
Ekstrand, ibid,, 1888, 38, 156) and therefore would not appear in the esterified 
mixture. 1 Finally, the ethyl ester of 5-amino-1-naphthoic acid melts at 92° 
(compare above). The free nitro-acid, however, melts at 242° (Graeff, loc. cit.. 
p. 2250). 
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131°. (This last ester charred when wanned with sulphuric acid 
in the usual way, and the corresponding nitro-acid was not isolated.) 
No constitutions were assigned by Ekstrand to these isomerides. 

Of the seven possible mononitro-derivatives of (3-naphthoic acid, 
Ekstrand had thus claimed to have detected the presence of five. 
These did not include the 1-nitro-compound, m. p. 239°, which has 
since been prepared by Mayer and Oppenheimer (Ber., 1918, 51 , 
1239). The characteristics of this derivative as described by these 
authors do not coincide with those of any of Ekstrand’s supposed 
nitronaphthoic acids. 

Repetition of Ekstrand’s experiments, using his second method- 
of nitration (i.e., in absence of any solvent), has shown that approxi¬ 
mately equal amounts of 5- and 8-nitro-2-naphthoic acids are 
formed in at least 95% combined yield. Some low-melting indeter¬ 
minate fractions of the esters resulting from the use of alcohol or 
benzene as crystallising medium were all easily resolved by employ¬ 
ing ethyl acetate and light petroleum. With regard to Ekstrand’s 
highest-melting ester (m. p. 131°) which charred with sulphuric 
acid, it is to be noted that the ethyl ester of 7-nitro-2-naphthoic 
acid (prepared by the present authors at a later stage) melts at 
131°, but can be hydrolysed quite easily to give a quantitative 
yield of the nitro-acid. No trace of this ester was detected in the 
nitration product. 

In addition to the 5- and 8-nitro-isomerides, we have succeeded 
in establishing the presence of traces of l-nitro-2-naphthoic acid in 
the nitration mixture.* This acid cannot be esterified by the 
passage of hydrogen chloride into an alcoholic solution, and con¬ 
sequently was easily separated from the reaction material. It was 
never obtained quite pure, but reduction with ferrous sulphate 
and ammonia produced an aminonaphthoic acid, m. p. 202—205° 
(decomp.), the acetyl derivative of which crystallised from alcohol 
in long, gorse-like needles, m. p. 184°. This was identical with an 
authentic specimen of l-acetylamino-2-naphthoic acid prepared 
synthetically (see Eriedlander and Littner, Ber., 1915, 48 , 330). 

During the nitration of p-naphthoic acid, therefore, between 
60—80° with excess of nitric acid (d 1-42) only 5-nitro-2-naphthoic 
acid (m. p. 291° instead of 288°) and 8-mtro-2-naphthoic acid 

* Ekstrand (ibid,, 1890, 42, 273) digested the mixture of nitro-acids with 
sodium hydroxide during an attempt to separate them by fractionation of 
their sodium salts. But Friedlander and Littner (Ber., 1915, 48, 330) have 
proved that hydrolysis of l-nitro-2-naphthonitrile by alkaline reagents (even 
barium hydroxide) causes the replacement of the nitro-group by a hydroxyl 
group, and this also takes place in the case of the acid. It is therefore probable 
that Ekstrand had destroyed any 1-nitro-compound presents 
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(m. p. 295°) are formed in large quantity, together "with a trace of 
1 -mtro-2-naphthoic acid. 

Some New Amino - and Nitro-napMhoic Acids . 

Of the seven theoretically possible amino-derivatives of a- 
naphthoie acid, only four (the 2-, 4-, 5-, and 8-amino-l-naphthoic 
acids) have hitherto been prepared. Even fewer of the nitro-a- 
naphthoic acids are known, since no compound containing one 
nitre-group in any of the four ^-positions is recorded. Of the 
substituted derivatives of (3-naphthoic acid, only one amino-acid, 
the 6-derivative, had not been prepared, but there were still four 
unknown nitro-isomerides, viz., the 3-, 4-, 6- and 7-mtro-2-naphthoic 
acids.* As a result of the present work, 6- and 7-amino-l-naphthoic 
acids, 6-amino-, 6- and 7-nitro-2-naphthoic acids have been obtained 
for the first time. 

The method adopted for the preparation of these aminonaphthoic 
acids consists in heating the neutral sodium salt of the corresponding 
hydxoxynaphthoic acidf with ammonia and bisulphite under pres¬ 
sure. Mohlau and Kriebel (Ber., 1895, 28, 3096) had already 
employed strong ammonia (without bisulphite) to convert 3-hydroxy - 

2- naphthoic acid into the amino-acid. Repetition of their experi¬ 
ment, however, showed no appreciable conversion, either with the 

3- isomeride or any other. Neither could the 3-ammo-compound 
be obtained when bisulphite was used, though the conditions were 
varied over a wide range. ft-Naphthylamine was the sole product 
of reaction, as it was also from the anilide of 3-hydroxy-2-naphthoic 
acid (naphthol A.S.). Similarly, l-hydroxy-2-naphthoic acid yielded 
a-naphthylamine. 

In addition to the new aminonaphthoic acids mentioned, 5- and 
8-amino-2-naphthoic acids have also been prepared by the use of 
the bisulphite modification. 

All the amino-2-naphthoic acids thus obtained were converted 
into nitronaphthoic acids by treatment of the diazotised product 
with copper powder and excess of sodium nitrite, as described by 
Vesel f and Dvorak (Bull. Soc. ckim 1922, 31 , 421; 1923, 33 , 
319). The 5- and 8-nitro-2-naphthoic acids so prepared were used 

* Mention is made (A., 1923, 124, i, 119) of a nitronaphthoic acid, m. p. 
226—227°, obtained by Ruzicka and Stoll {Sdv. Ohim. Acta, 1922, 5, 923) 
as a by-product in the oxidation of 2 -methyl- 8-isopropylnaphthalene with 
dilute nitric acid, the main product being 2; 8-naphthalenedicarboxylic acid. 
The nitronaphthoic acid in question is really a rdtro- 8-isopropyl-2-naphthoic 
acid ; the abstract is somewhat misleading. 

For: the details of preparation of the various hydroxynaphthoic acids 
see Butler, Boyle, and Schedler (J., 1923, 123, 1641, 1649). 
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to confirm the identity of the nitration products of £-naphthoic 
acid (see previous section). 

Experimental. 

Conversion of Hydroxy-acids into Amino-acids. —The hydroxy- 
naphthoic acid (15 g.) is dissolved in water with the aid of sodium 
bicarbonate (6*3 g.); ammonia (100 c.c., d 0*88) is added, followed 
by a solution, saturated at 15°, of sulphur dioxide in water (25 c.c.). 
The whole is diluted with water (110 c.c.), and heated in an auto¬ 
clave at 200—210° (pressure about 50 atmospheres) for 10 hours. 
The solution is boiled to drive off most of the ammonia, filtered, 
and slightly acidified by the gradual addition of acetic acid. Under 
these conditions 5- and 8-amino-2-naphthoic acids separate in a 
very satisfactory condition. With 6-amino-2-naphthoic acid (and 
to a less extent with 6- and 7-amino-1 -naphthoic acids) it is advis¬ 
able to add an excess of warm dilute hydrochloric acid to the 
acetic acid solution. After extraction with ether to remove im¬ 
purities, the solution is concentrated and the amino-hydrochloride 
allowed to crystallise. The free acid is regenerated by dissolving 
in a small quantity of sodium carbonate solution and carefully 
neutralising with acetic acid. 7-Amino-2-naphthoic acid is best 
isolated through its difficultly soluble sodium salt, by the addition 
of sodium hydroxide to the autoclave liquor after removal of excess 
of ammonia. The yield in every case is almost theoretical. 

The various aminonaphthoic acids differ but slightly from one 
another as regards their solubilities. They are easily soluble in 
alcohol or acetic acid, somewhat less easily soluble in ether, acetone 
or ethyl acetate, and very sparingly soluble in benzene. 

Amino- 1 -naphthoic acid crystallises from alcohol in light brown 
aggregates, m. p. 203° (Found: C, 70*4; H, 4*8. CnHgOgN 
requires C, 70*6; H, 4*8%). The hydrochloride crystallises from 
water in clumps of needles, and the acetyl derivative from alcohol 
in white needles, m. p. 170—172°. 

7 -Amino-l-naphthoic acid crystallises from alcohol in light brown 
prisms, m, p. 223—224° (Found : C, 70*3; H, 5*0%). The hydro¬ 
chloride separates from water in warty clusters of needles, and the 
acetyl derivative from alcohol in almost white needles, m. p. 229— 
230°. 

AminoV-naphthoic acid crystallises from dilute alcohol in very 
pale yellow needles, m. p. 225°* (Found: O, 70*8; H, 4-7%). 

* Since this work was completed a compound described as “ 6-amino- 
2-naphthoic acid” has been obtained by Dziewodski, Schoen6wna, and 
Waldmann (Bar., 1925, 58, 1211). These authors give the melting point 
as 222—223°; but the acetyl derivative, from which the free amino-acid 
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The hydrochloride is not very soluble in cold but rather more soluble 
in hot water, crystallising in small flakes. The acetyl derivative 
separates from dilute alcohol or from acetone in white needles, 
m. p. 230—232°. 

7-Armno-2-naphthoic acid crystallises from alcohol in pale yellow 
leaflets, m. p. 245°. Its acetyl derivative separates from dilute 
alcohol in almost white, flat needles, m. p. 200—201° (decomp.).* 


Types of Fluorescence shown. 


Solvent. 

a : 6”. 

a: 7-. 

0:4-. 

0:5-. 

0:6-. 

017- 

0:8-. 

Alcohol 

Green 

Emerald 

Blue 

Green 

Purple 

Sea 

Emerald 



green 




green 

green 

Ether 

light 

Emerald 

Boyal 

Cobalt 

Purple 

Pale 

Turquoise 


bine 

green 

blue 

blue 

blue 

blue 

Acetic 

Pale 

Bluish- 

(Blue) 

(Green) 

Cobalt 

Bluish- 

Leaf 

acid 

Benzene 

violet 

Hoyal 

bine 

green 
Sky blue 

Bluish- 

purple 

Light 

blue 

blue 

Violet 

blue 

purple 

(Blue) 

green 

Greenish- 

blue 

Etbyl 

Turqnoise 

Turqnoise 

Blue 

Greenish- 

Keddlsh- 

Blue 

Blulsb- 

acetate 

blue 

blue 


blue 

violet 


green 

Acetone 

Greenish- 

Turquoise 

Boyal 

Turquoise 

Reddish- 

Blue 

Bluish- 


bine 

blue 

blue 

blue 

violet 


green 


A few of these fluorescences require magnesium light or the light from an iron arc to render 
them visible; such are indicated by brackets. The majority are very marked, even in subdued 
daylight. The colours given in the table are those induced by arc light; they vary slightly 
in one or two instances from the fluorescences in daylight. 

In addition to the preceding observations on the fluorescent 
properties of aminonaphthoic acids taken under approximately 
standard conditions, 1 -amino-2-naphthoic acid furnishes an appre¬ 
ciable blue fluorescence in alcohol, ether, or acetic acid, while 
3-amino-2-naphthoic acid (according to Mohlau and Kriebel, loc, 
cit.) gives a green fluorescence in alcohol or ether. 

It is worthy of note that the aminonaphthoic acids whose con¬ 
figurations correspond to those of possible naphthaquinones produce 
more intensely fluorescent solutions than those not having a poten¬ 
tially quinonoid structure; e.g., p : 8- is stronger than p : 5-; p : 6- 
than p : 7-; and oc : 7- than a : 6-. 


was prepared, melts at 271—272°. It is to be observed that the configuration 
of thiB isomeride was only arrived at by a process of exclusion. On the 
other hand, the constants given do not coincide with those of any other 
amino-2-naphthoic acid, all of which are now known. 

* It is important to carry out the melting-point determinations of these 
acetyl derivatives in a standardised manner, in order to ensure concordant 
results. No method other than the one here described gives a definite fluid 
melt. The tube is inserted when the temperature of the bath is only about 
£>° below the expected m. p. of the substance, and the time taken for the 
necessary rise in temperature must be less tban 2 minutes. Incipient softening 
usually precedes liquefaction, and on increasing the temperature the substance 
reverts to the solid state, melting a second time, though not sharply, at a 
somewhat higher temperature. (To suggest that the m. p.— 271—272°— 
recorded in the previous note is really this higher melting point would be 
somewhat premature, since the range is limited to 1°.) 
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Conversion of Amino-acids into Nitro-acids .—The amlnonaphthoie 
acid (8 g.) is dissolved in warm glacial acetic acid (30 g.), and 
sulphuric acid (16 g.), diluted with an equal volume of water, 
added with constant stirring. The sulphate which separates is at 
once diazotised at 0° with sodium nitrite (3*5 g.) dissolved in water 
(15 c.c.). The clear diazo-solution is poured in small portions into 
a solution of sodium nitrite (35 g. in 140 c.c. of water) containing 
also clean copper bronze (30 g.). The reaction liquor, on standing 
at room temperature for 4 hours with regular shaking, deposits the 
whole of the nitronaphthoic acid, which is filtered off and purified 
by repeated extractions with boiling alcohol (charcoal). The 
filtered alcoholic solution is concentrated to a small bulk; * the 
addition of water then precipitates the nitronaphthoic acid as a 
yellow powder. The total yield is about 0*5 g. 

6- Nitro-2-naphthoic acid crystallises from alcohol in pale yellow 
plates, m.p. 310° (Found: C, 60*5; H, 3*4. C n H 7 0 4 lsr requires 
G, 60*8; H, 3*2%). The ethyl ester, m. p. 177°, crystallises in 
brownish-yellow, rectangular plates from ethyl acetate, in needles 
from alcohol. The acid can be recovered from the ester by hydro¬ 
lysis with strong sulphuric acid on the water-bath for a few hours. 

7 - Nitro-2-napkthoic acid crystallises from alcohol in yellow 
needles, m. p. 262° (Found : C, 60*6; H, 3*4%). It is moderately 
soluble in acetic acid, but dissolves with difficulty in other solvents. 
The ethyl ester crystallises from alcohol in pale salmon-coloured, 
silky needles, m. p. 131°. This ester shows no sign of charring 
when hydrolysed with sulphuric acid in the usual way (compare 
Ekstrand’s ester, m. p. 131°; see p. 85). 

One of us (H. A. H.) desires to express his thanks to the Depart¬ 
ment of Scientific and Industrial Research for a maintenance grant, 
and to the Research Fund Committee of the Chemical Society for 
a grant for chemicals. We are also indebted to Professor Lapworth 
for his interest in the work. 
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XVII .—A Revision of the Structural Formula of 

Glucose . 

By Wi lt ja m Charlton, Waiter Norman Haworth, and 
Stanley Peat. 

The discovery of the methylglucosides and the interpretation of 
the phenomena of mutarotation of sugars furnished the strongest 
reasons for the allocation of an oxide ring structure to the mono- 
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saccharides, and this formulation has been universally accepted. 
Tollens first ascribed to glucose a heterocyclic structure, and this 
conception was adopted by Fischer, who represented the normal 
methylglucosides by a five-membered or pentaphane ring, consti¬ 
tuting the y-oxide formula, which is the current and generally 
recognised basis for the formulation of sugars. 

The methylglucosides were isolated in a- and (3-stereochemical 
forms, and it was shown that corresponding to these there existed 
also a- and p-modifications of glucose. In 1914, Fischer (Ber., 
47, 1980) prepared a new methylglucoside which differed pro¬ 
foundly in stability from the a- and ^-modifications. This he 
described as “y ’’-methylglucoside. The nomenclature he adopted 
seemed unfortunate inasmuch as in this case the Greek letter was 
not intended to have any stereochemical significance but merely 
represented a third or novel form. Fischer recognised that the 
new variety of methylglucoside was a structural isomeride, and 
thus the term y-sugar introduced in this connexion had no 
essential relationship to the y-lactones. Confusion has naturally 
arisen from the use of this terminology, and especially so since 
the term “y-oxide form” was already applied to the normal 
sugars. 

An experimental basis for the definite allocation to glucose of a 
y-oxide (butylene oxide) constitution rather than that of any other 
oxide or heterocyclic structure was definitely lacking. Assuming, 
however, the spatial distribution of the oxygen valencies to be 
similar to those of carbon, and applying the considerations arising 
from the Baeyer strain theory, it was apprehended that a five- 
membered ring would involve the least strain in the sugar mole¬ 
cule, and this type of ring should, therefore, be capable of easy 
formation. It is tacitly assumed here that the conditions of strain 
in such a ring would be analogous to those in cyctapentane, where 
the carbon atoms carry only hydrogen. These conditions seemed 
to be supported by the facility with which sugars give rise to lactones, 
and by the properties which the latter display suggesting their 
resemblance to y-lactones. Kiliani and Kleemann (Ber., 1884, 
17, 1300) attempted to obtain direct proof of the structure of 
glueonolactone, but it was left to Hudson to furnish, by his b rilliant 
theoretical studies, the most convincing evidence of the y-lactonio 
nature of the products of the oxidation of sugars. 

In considering twenty-four lactones of the sugar series derived 
from the corresponding polyhydroxy-monohasic acids, Hudson 
iJ. Amer. Ghem * Soc., 1910, 32,345) found that if it were postulated 
ring formation occurred at the y-carhon atom, a remarkable 
oaraHelism was exhibited between the position of the lactone ring 
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and the sign of the rotation of the lactone, and that there were no 
cases of disagreement on the basis of this hypothesis. On the 
other hand, it was demonstrated that if this linking occurred at 
the a-, (3-, or 5-carbon atom, the number of cases of disagreement 
with this “ rule ” were found to be 8, 10, and 12, respectively, out 
of the twenty-four lactones examined. He calculated that, on 
the theory of probability, the chances are 17 millions to one that 
the lactone will have the lactonic ring engaging the y-carbon atom. 
This conclusion is supported by an abundance of other cases, and in 
the absence of direct synthetic evidence to the contrary, this view 
of the constitution of lactones derived from unsubstituted sugars 
must be adopted. 

It has, however, been too readily assumed that an analogy 
should be drawn between this principle of lactone ring formation 
and the type of ring structure existing in the parent sugars. In 
instituting the inquiry of which details are given in this com¬ 
munication, the present authors have attempted to test the validity 
of the latter assumption. 

It was considered that there should be recognisable differences 
in stability between lactones of the usual y-type and those having 
a smaller or larger number of atoms than five constituting the 
ring, and that these differences would be reflected in a variation 
both in the rate and in the extent of hydrolysis to the open-chain 
acid. During the past 4 years the necessary synthetic materials 
and the data for this comparison have been accumulated, and in 
recent communications some of these results have been recorded 
by one of us without reference, however, to their essential bearing 
on the present problem. 

The degree of accuracy attainable by direct titration of 
aqueous solutions of the lactones was insufficient for the purpose 
indicated. A more sensitive method of comparison was provided by 
studying the polarimetric changes accompanying ring scission from 
lactone to open-chain acid, using either aqueous or alcohol-water 
solutions. 

Polarimetric data furnished by the completely methylated 
lactones derived from glucose, galactose, mannose, arabinose, and 
xylose led to a recognition of two types. Those lactones prepared 
from the normal forms of these sugars, by first methylating the 
aldoses and then submitting them to oxidation with bromine 
water, exhibited a rapid diminution or increase in specific rotation 
when dissolved in water or aqueous alcohoL Conversely, those 
lactones prepared from the labile or y-sugars displayed a very 
slow and much less marked change in specific rotation. 
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Observed Changes in the Specific Rotation of the Lactones 
from the following Sugars {aqueous solutions ). 

y-Forms formal forms 

(Time, 20‘days). (Time, 24 hrs.). Nos. of Curves. 

Tetramethylglucose ... +61*5° —+ 39*6° + 101 -1° —>- 25*6° i and ii 

Tetramethyl galactose —27*1°—>-25*2° +161*5°—+27*2° iii and iv 

Trimethyl arabinose ... —42*2°—+25*1° 4-145°—+ 22*4° * v and vi 

Trimethyl xylose . + 74*1°’—+61*4° — 3*8°->+20*8° vii and viii 

(Time, 7 days) 

Tetramethyl mannose. +65*2°—+ 56*3°t +105°-—+ 45*6 C 

* This value was determined bv Pryde, Hirst, and Humphreys (J., 1925, 
127, 348). 

f This figure is explained, in the text, since it was obtained by Levene and 
Meyer from methylated mannonolactone. The time intervals are not 
recorded. 


The curves given in Fig. 1 are those of the lactones related to 
glucose, galactose, and arabinose. Inspection of these curves 
suggests that the lactones represented by i, iii, and v are of the 
same type, and that those shown by ii, iv, and vi belong to a second 
and distinct type. 

This second series illustrates the polarimetric data given by the 
lactones prepared from the normal forms of tetramethyl glucose, 
tetramethyl galactose and trimethyl arabinose, which exhibit a 
marked decline in specific rotation when dissolved in water. The 
equilibrium between the cyclic compound and open-chain acid is 
speedily reached and hydrolysis is also more nearly complete as 
revealed by direct titration at this stage. 

On the other hand, the first series (Nos. i, iii, and v) represents 
lactones prepared from the labile or y-sugars, and it is seen that 
the initial rotations are lower and that a much less profound change 
in the optical values occurs. Moreover, equilibrium between 
lactone and hydroxy-acid is only attained after several weeks, and 
at this stage hydrolysis is not nearly so complete as in the case 
of the former series. 

The curves shown in Fig. 2 differ in a similar sense, but not in 
the same degree; the steeper of the two represents the lactone from 
normal trimethyl xylose, whilst the remaining curve, which is 
almost linear, is given by the lactone from trimethyl y-xylose. 

Fortunately, it is possible to correlate these data with consti¬ 
tutional formulae which have been already determined for several 
of these sugars and their derived lactones, but for reasons which 
will be outlined later the constitution of the two glucoses and their 
gluconolaetones had not yet admitted of any proof. 

The method which is adopted in this communication shows that 
the data now recorded render it possible to reach a reasonable 
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conclusion as to the structure of glucose and its y-derivatives by 
observing the analogy which is found to subsist between their 
lactones and those of the other sugars of known constitution. 

Of the four sugars examined (five, including mannose), two 
have been subjected to close constitutional study by direct methods 


Fig. 1. 



Fig. 2. 



of oxidation. Thus Hirst and Robertson (J., 1925,127, 358) have 
demonstrated that the normal form of trimethyl Z-arabinose must 
have the constitution (II), since it gives the dibasic acid (IV), 
namely, arabo-trimethoxyglutaric acid; and, since the properties 
of the trimethyl arabinose are in every respect similar to those of 
natural arabinose, the latter is given the constitution (I). 
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Another form of trimetbyl arabinose was prepared by Baker 
and Haworth (J., 1925, 127, 365), and this may be described as 
the “ y ’’-sugar. The formula (V) was allocated to this compound, 
since it gave rise to the lsevorotatory lactone (VI) and, on further 
oxidation, to the dibasic acid (VII) which contained only two 
methoxyl residues. This latter, on complete methylation, was 
identical with Hirst and Robertson’s acid (IV). 
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The same constitutional relationships have been established also 
for normal trimethyl xylose (VIII) (Hirst and Purves, J., 1923, 
123 , 1352), which is found to give on oxidation the xylo-trimethoxy - 
glutaric acid, stereoisomeric with the acid of formula (IV); and in 
a forthcoming paper by Haworth and Westgarth the preparation 
will be described of trimethyl y-xylose, to which is allocated the 
structural formula (IX) analogous to that ascribed above (V) to 
trimethyl y-arabinose. # 

Taking the two examples of the pentoses, xylose and arabinose, 
it is clear that the normal sugars are amylene-oxidic in structure, 
and that the labile or y-forms are butylene oxides. The related 
lactones are therefore S-lactones for the normal sugars and y-lactones- 
for the labile or y-sugars. 

Coming now to the case of galactose, it must be stated that the 
evidence as to structure depends here on Hudson’s rule. Pryde 
fJ., 1923, 123 , 1808) has shown that normal tetramethyl galactose 
(XI) changes to tetramethyl-S-galactonolactone (XII) on oxidation. 
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and therefore normal or naturally occurring galactose is given the 
constitution (X). The corresponding labile or y-sugar (XIII) was 
prepared by Haworth, Ruell, and Westgarth (J., 1924, 125, 2468) 
and this on oxidation gave rise to the y-lactone (XIV), which is 
also obtained on passing from ordinary or normal galactose or 
from galaetonic acid (XV) to its lactone. The rotations of the 
compounds resulting from all these transformations are completely 
in accord with Hudson’s rule, which, it may be emphasised, requires 
that galactonolactone must be a y-lactone (see p. 90). 
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Similarly, mannose has been shown to conform to the above 
structural soheme. Levene and Meyer (J. Biol. Chem. y 1924, 60, 
167) found that normal tetramethyl mannose gave a lactone, 
[ocjt> +105° —> 45*6°, whilst methylation of the lactone from 
mannonic acid led to the isolation of a different and crystalline 
tetramethyl mannonolactone having [a] D + 65-2° —> 66*3°. These 
optical values will be found to be closely similar to those quoted 
later for and y-lactones, respectively, but as the authors did not 
record the intermediate rotation values at short period intervals 
the curves could not Toe included in Figs. 1 and 2. 

It only remains, therefore, to apply this analogy to the lactone 
from normal tetramethyl glucose, which is indicated by the remain¬ 
ing curve (ii) in this series. This conforms definitely to the same 
type as the other three (Nos. iv, vi, and viii), and we therefore 
regard it as a 3-lactone, and the normal tetramethyl glucose is 
therefore considered to be amylene-oxidic and consequently we 
assign to it the structural formula (XVII), whence glucoses has the 
formula (XVI). 
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The other curves in. Figs. 1 and 2, Nos. i, iii, v, and vii, clearly 
belong to a different category from those already discussed. All 
these represent the lactones prepared from the methylated “y”- 
sugars. We have demonstrated that, since three of the four sub¬ 
stances are y-lactones, the sugars from which they are prepared 
are butylene - oxidic in structure, and by analogy the curve No. i 
is considered to be that of tetramethyl y-gluconolactone, whence it 
follows that tetramethyl y-glucose should be given the constitution 

(xvni). 



dh 2 -oh 

(XVI.) 


9H-OH 
H-G-OMe 
MeO-C-H 
H-G-OMe 
H-G- 


0 


CH 2 -OMe 

(XVII.) 


CH-OH 

H-C-OMe 

MeO-C-H 

H-G- 

H-C-OMe 

CH 2 -OMe 

(XVIII.) 


I 

} 


A second line of argument as to the constitution of glucose is 
provided by evidence drawn from the study of 2:3: 6-trimethyl 
glucose. This sugar has been repeatedly examined and the relative 
positions of its three - methyl groups are definitely determined 
(Denham and Woodhouse, J., 1914, 105, 2361; Haworth and 
Leitch, J., 1918, 113, 191; Haworth and Hirst, J., 1921, 119, 
193; Irvine and Hirst, J., 1922, 121, 1213). We are concerned 
only with the ring structure of this compound, which, if the argu¬ 
ment already presented in this paper be accepted, should now be 
revised from that indicated by formula (XIX) to the new formula 
(XX). 


(1) CH-OH } 

(2) H-G-OMe 0 

(3) MeO-G-H I 

(4) H-G-1 

(5) H-O-OH 

(6) CH a -OMe 
(XIX.) 


r~ 


GH-OH 
H-C-OMe 
MeO-G-H 
H-G-OH 
H-G- 


I 

■i 


J 


<!)H 2 -0Me 

(XX.) 


f° 

H-G-OMe 
MeO-G-H 

H-G-- 

H-G-OH 

CH 2 -OMe 

(XXI.) 


H-G-OMe i 
MeO-G-H 
H-G-OMe 
H-G- 


CH 2 -0Me 

(XXII.) 


Now it is known (Haworth and Hirst, loo „ cit.) that the sugar is 
converted on further methylation into normal tetramethyl glucose 
and earlier in this paper the structural formula (XVII) has been 
ascribed to the latter on the ground that the derived lactone is a 
5-lactone (XXII). 

Inspection of the two alternative formulae (XIX and XX) sug- 
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gests, however, a possible application of this sugar as a means of 
testing the validity of this reasoning and of the conclusions already 
drawn. Thus this sugar on oxidation to the monobasic acid offers 
a choice of two free hydroxyl positions for the attachment of the 
lactone ring, namely, those on carbon atoms (4) and (5) (formula 
XXI), and this applies no matter which of the two sugar formulae 
is the correct one. 

Adopting Hudson’s rule, this choice must be restricted to that 
of the y-lactone (XXI). If now this trimethyl y-gluconolactone 
should, on complete methylation, be shown to be identical with 
that tetramethyl gluconolactone derived from normal tetramethyl 
glucose, then the latter sugar (and therefore glucose also) would 
be butylene-oxidic in structure and the formula hitherto generally 
accepted for glucose would continue to hold. 

In the actual event this was found not to be the case; it was 
observed that 2:3:6-trimethyl glucose gave a gluconolactone 
(XXI) which on methylation was identical with the tetramethyl 
y-gluconolactone derived from the labile or y-form of tetramethyl 
glucose (XVIII), and therefore the constitutional formula for the 
latter is substantiated, and fresh support is provided for the argu¬ 
ment outlined in the former part of this communication. 

Moreover, the crystalline phenylhydrazides of the tetramethyl 
glueonolactones from the three sources were prepared and analysed, 
and the following are the data for the melting points: 

Phenylhydrazides of tetramethyl glueonolactones . 


Mixed m. p, 
M. p. with (c)„ 

(а) From normal tetramethyl glucose ... 109—112° 102—118° 

(б) From tetramethyl y-glucoso .. 131—134 130—133 

(c) From 2 : 3 ; 6-trimethyl glucose ... 130—133 


Thus we again reach the conclusion that ordinary glucose should 
be given the formula (XVI). This assumes that ordinary free 
glucose is identical in structure with normal tetramethyl glucose, 
but this is shown to be the case because a- and p-methylglucosides 
give crystalline tetramethyl glucose on methylation followed by 
hydrolysis, as do those natural di«, tri-, and poly-saccharides which 
contain the glucose residue, and moreover, E. F. Armstrong has 
shown that a- and ^-glucose are stereochemicaliy parallel to <x- and 
p-methylglucosides. 

All the commonly occurring aldoses are therefore shown to exist 
normally as amylene- or 1:5-oxide forms, or, reverting to the 
older nomenclature which we prefer, they may now be described 
as 3-oxides. So far this, has been shown to apply to glucose, 

E 
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galactose, mannose, arabinose, and xylose. By a curious coincidence 
the so-called “ y ”-sugars of the aldose type, which have now 
been shown to give rise to y-lacton.es, may be more accurately 
described as y-oxides, since they exist as butylene- or 1:4-oxide 
forms. 

There remain to be mentioned the ketoses, and the constitutional 
study here has been confined to fructose, which occurs naturally 
as a y-form in sucrose, raffinose, and inulin. The results of oxidation 
experiments conducted on tetramethyl y-fructose derived from 
sucrose indicate that, in this sugar, an amylene- or 8-oxide ring is 
present (Haworth and Linnell, Haworth and Mitchell, J., 1923, 
123 , 294, 301). On the other hand, Irvine and Patterson (J., 
1922, 121 , 2696) have examined the constitution of the norm^ 
form of tetramethyl fructose, which is crystalline, and which has v 
not yet been isolated from a naturally occurring carbohydrate. 
This sugar they found to have the structure of a butylene- or 
y-oxide. Thus, in the series of the ketoses, the position as com¬ 
pared with the aldoses would seem to be reversed, in that the 
labile sugar is the 8-oxide form, and the normal sugar the y-oxide. 

It would therefore appear that, in nature, both aldoses and ketoses 
occur as amylene- or 8-oxides, a result which is in keeping with the 
simplest view of the synthesis of sucrose in the plant. 

If this revision of the structural formula of glucose be accepted 
and applied to other carbohydrates, many fundamental readjust¬ 
ments are rendered necessary. Thus the constitutional formulae 
allocated to natural di- and tri-saccharides by one of the present 
authors are directly implicated, as are also those suggested for 
starch and cellulose by other workers. These compounds will 
now require to be formulated as possessing 8-oxide rings in each 
hexose residue. In the case of lactose and cellobiose this change 
also involves a displacement of the point of attachment of the 
hexose chains from a position associated with the fifth carbon 
atom to that of the fourth.* 

Leaving out of account the stereochemical relationships, it is 
now possible to represent the principal disaccharides by three 
formulas: 

* It is, however, possible to regard one glucose residue in each of these 
disaccharides as existing as a y-oxide or y-sugar, in which case the earlier 
constitution will continue to hold with respect 4o the position of the biose 
linking, but this is an unlikely contingency. That 2:3:6-trimethyl glucose 
can pass into a y-oxide form is extremely probable, and indeed we have some 
evidence of this. It is important to notice, however, that the sugar 2:3:5- 
trimethyl glucose must now be regarded as 2 : 3 : 4-trimethyl glucose, and 
that normal crystalline tetramethyl glucose is now 2:3:4:6-tetramethyl 
glucose. v 



A REVISION OF THE STRUCTURAL FORMULA OF GLUCOSE. 99 


I- 

r CH 

I CH-OH 
6 CH-OH 
I CH-OH 
*~CH 

ch 2 *oh 


CH-OH 

Ln-n V H ’ 0H 

CH-OTT 0 


LA 


Y'h-oh 


H- 


CH 2 -OH 


Lactose and cellobiose. 


?H 

CH-OH 
0 OH-OH 
I CH-OH 
l CH 
CEL 


L 0- 


CH-OH 

CH-OH 

CH-OH 

OH-OH 

OST" 


0 


VOH 
Maltose, gentiobiose 
, (amygdalin-biose) and raelibiose. 


r( p H - Q. 

CH-OH 
CH-OH 
I CH-OH 

l oh 

ch 2 -oh 


Sucrose. 


<?h 2 -oh 
V-1 

CH-OH 
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Experimental. 

Tetramethyl $-Gluco?iolactone .—This lactone was prepared by 
oxidising normal crystalline tetramethyl glucose with bromine water 
under the usual conditions (Purdie and Irvine, J., 1903, 83, 1021). 
It was then dissolved in a slight deficiency of N /10-sodium hydroxide, 
and the aqueous solution evaporated at 35—40° under diminished 
pressure. The residue of sodium tetramethyl gluconate was 
triturated thrice with dry chloroform to remove traces of unoxidised 
sugar and other impurities and the remaining solid was filtered, 
washed with chloroform, dried, and weighed. An aqueous solution 
of the salt was then decomposed by adding the equivalent of dilute 
hydrochloric acid from a burette. Isolation of the purified lactone 
was effected by evaporation under diminished pressure, followed 
by extraction from the semi-solid residue with dry ether. The 
tetramethyl $-gluconolactone distilled completely at about 100°/0-05 
mm. and showed %> 1-4532. Titration. 0*1355 g. required 6 05 c.c 
of 0-0965iV-NaOH (Calc., 6-02 c.c.). 

A titration was also conducted after keeping an aqueous solution 
of the lactone for 24 hours;it then appeared that more than 90% 
had been converted into the open-chain acid. 

Determinations of the rotation of the lactone were recorded as 
follows: 

In ethyl alcohol (c = 3-65), [a] D 101-1°. . 

In aqueous alcohol (38% EtOH) (c = 1*39): 

Tim© in hours . 0*25 2 5 21 25 66 

Oh. -f 90*3° 84-0° 68*0° 40*7° 38*4° 38*4° constant 

E 2 
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In water (c = 1-37): 

Time in hours * 0*1 3 5 6*5 8*25 26*25 

[a]*... +88*5° 43*2° 31*4° 25*6° 25*6° 25*6° constant 

Phenylhydmzide Derivative. —This was obtained by heating for 
3 hours at 100° phenylhydrazine (1 mol.) with the above lactone 
(1 mol.). The crystals which appeared on cooling were recrystallised 
from ether and light petroleum and melted at 109—112°. On 
admixture with the phenylhydrazide of the y-lactone as prepared 
below under (A) and (B), (m. p. 130—133°) the melting point for 
the mixture was depressed to 102—118° (Found : C, 56*1; .H, 7-6; 
N, 8-0. requires C, 56*1; H, 7-6; N f 8*2%). 

Tetramethyl y-Gluconolaetone .—(A) In one experiment, 4*3 g* 
of 2:3: 6-trimethyl glucose were oxidised with bromine water 
and the corresponding lactone was isolated in the usual way. This 
product was purified by extraction with light petroleum, which 
dissolved the lactone, leaving as residue traces of unchanged sugar. 
Titration. 0*0943 g. required 4*24 c.c. of A/10-NaOH (Calc., 
4*48 c.c.) (Found : OMe, 40*9. Calc., OMe, 42*2%). 

The tetramethyl gluconolactone was obtained by twice methyl¬ 
ating the above product with Pur die’s reagents and was thereafter 
distilled. It showed nj> 1*4470 (Found: C, 51*6; H, 7*8; OMe, 
53*5. Calc.,C, 51*3; H, 7*7; OMe, 53*0%). Titration . 0*0945 g. 
required 3*86 c.c. of Nf 10-NaOH (Calc., 4*03 c.c.). 

In a second experiment, using a highly purified specimen of 
2:3: 6-trimethyl glucose, the tetramethyl y-gluconolactone dis¬ 
tilled at 92—96°/0*02 mm. and the colourless liquid was dissolved in a 
slight excess of aqueous barium hydroxide, left over-night, and then 
heated at 70° for 1 hour. Thereafter the excess of barium hydroxide 
was precipitated by admitting carbon dioxide, the filtrate evapor¬ 
ated under diminished pressure, and the residue extracted with 
ether to remove impurities. Solution of the barium salt in water 
containing the requisite equivalent of hydrochloric acid led to the 
isolation of the purified y-lactone, which showed [a]© = -j- 49*7° 
in ethyl alcohol (c — 2), and on dilution with water (44%) this 
value changed in 3 hours to + 48*9°, and thereafter showed little 
change during 2 days. A titration showed that at this stage 
about 30% of the lactone had been converted into the acid. 

The phenylhydrazide was prepared by adopting the same procedure 
as that described below. The product was washed with petroleum, 
and recrystallised from ether. M. p. 130—133° (Found : C, 56*05; 
H, 7*8; N, 8*2. Calc, for C 16 H 26 0 6 N 2 , C, 56*1; H, 7*6; N, 8*2%), 

(B) The above lactone was also prepared from tetramethyl 
y-glucose (irvine, Fyfe, and Hogg, J., 1915,107, 529), the pre¬ 
caution being taken to separate any traces of the normal sugar 
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by the method of hydrolysing the methylglucoside with N/ 15- 
hydrochloric acid, since acid of this concentration has little effect 
on the normal glucosides but effects the complete hydrolysis of the 
y-form. The y-sugar was oxidised with bromine water in the 
usual way, and the above lactone distilled as a colourless liquid, 
b. p. 97°/0*05 mm., n D 1-4467. In ethyl alcohol (c = 2*07) the 
specific rotation was + 53-7°, and on dilution with water (44%) 
the reading was [a] D = 4- 49*8°, falling to 48*9° in 4 hours, at 
which value it remained constant for 2 days. 

The polarimetrie data were recorded for an aqueous solution of 
the lactone. 


Time in hours ... 0*16 1*33 5*06 19*33 43*83 

[a] n . +61*5° 60*7° 57*2° 56*2° 65*6° 

Time in days. 6 7 12 15 20 

[a]*. +48° 47*4° 44*0° 39*6° 39*6° 


Phenylhydr azide .—The lactone was heated during 3 hours at 
100° with an equivalent proportion of phenylhydrazine. The 
product had crystallised during this period, and the crystals were 
purified from light petroleum and dry ether. M. p. 131—134°. 
In admixture with the specimen of the phenylhydrazide prepared 
as described above (A) there was no depression of the melting point 
(Found : C, 56*2; H, 7-8; N, 8-2%). 

Tetrametkyl B-Galactonolactone. —The specimen prepared by 
Haworth, Ruell, and Westgarth (loc. cit.) was purified and used in 
the following determinations of specific rotations in water (c = 0*95): 

Time in mins. ... 19 40 70 100 165 220 280 340 

[a] v . +161*1° 146*3° 122*1° 98*9° 62*1° 46*3° 36*8° 32*6° 

Time in hours ... 7 8 10 22 46 

[a]j> .. 28*4° 28*2° 27*4° 27*2° 27*2° ' 

Trimethyl y- A rabonolactone .—The crystalline specimen used was 
that prepared by Baker and Haworth (loc. cit.). The solvent was 
water. 


Time in davs . 0 4 10 20 

[a] D . —42*0° 33*8° 26*0° 25*1° 


Other optical data employed in constructing the curves given in 
the introduction will be found by consulting the references quoted. 
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XVIII .—Studies in Adsorption by an Optical Method . 
Fixation by Dispersoids of Methylene-blue within 
the Disperse Phase . 

By Andor Fodor and Rassa Riwun. 

Adsorbents in a comparatively coarse state of division, and there¬ 
fore readily separable from the solution, have hitherto been used 
in investigations on adsorption. When one comes to deal with 
colloidal, finely divided adsorbents—and there is no doubt that the 
micelle of a sol also can act as an adsorbent—the difficulty of 
separating the phases from one another becomes almost insurmount¬ 
able. Scarcely any case of this kind has been thoroughly examined 
because of the experimental difficulties. Dynamic methods, which 
cause a displacement of the equilibrium, and ultrafiltration are 
useless. The applicable static methods are limited in number. 
Potentiometric and conductivity methods, useful as they are in the 
case of proteins, which adsorb relatively large quantities of electro¬ 
lytes, can be employed to measure the adsorption of only a few 
definite ions, and the method of compensation-dialysis has many 
disadvantages, one of which is the disturbance due to the membrane. 
For these and other reasons, it seemed to the authors that an 
optical method would be the most suitable for measuring adsorp¬ 
tion, and, since the polarimeter and the refractometer cannot deal 
with opaque or turbid liquids, it should be based upon the absorp¬ 
tion of light. 

The concentration of a dye in solution will diminish on addition 
of a colloidal solution, owing to adsorption of the dye by the micelle. 
The absorption curves of the dye solution before and after the 
addition will therefore not be the same; and the difference between 
them will be a measure of the adsorption, if other losses of light, 
e.p., by diffusion, do not affect the result. 

A suitable dye solution must comply with the following require¬ 
ments : 1. It must be stable. 2. Its absorption spectrum must 
(a) fall within the visual region and not be too extended, and (6) be 
continuous and consist of one band. The curve will then have only 
one maximum or minimum, in the neighbourhood of which slight 
changes can be very conveniently measured. 

Method .—The transmissive powers, T, of a dye solution for light of 
different wave-lengths were measured directly in percentages with 
Vierorat’s improved form of the Schmidt-Haensch spectrophoto¬ 
meter. The transmission curve of the solution was then obtained 
by plotting the values of T as ordinates and wave-lengths (X) as 
abscissae (Fig. 1). 
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The concentration of a dye solution may be determined by this 
method in the following way, which obviates the application of 
Beer’s law. The absorption curves of a series of solutions of the 
dye of known concentrations are drawn. The minima of these 
curves will all lie on one and the same ordinate, viz., that drawn 
through the wave-length corresponding to minimum transmissive 
power. A second graph, is drawn, having the concentrations of the 

Fig. 1. 

Transmission curves of methylene-blue in water. 



solutions as abscissae and the corresponding minimal transmissive 
powers as ordinates. The minimal transmissive power of the 
solution of unknown concentration is now determined from its 
transmission curve, and the corresponding abscissa in the second 
graph will then give the concentration. 

Experimental. 

Preparation of the Dye Solutions .—A series of solutions was pre¬ 
pared containing 4, 6, 8, 10, 1215, 17|, 20, 25, 30, 40, and 50% * 

* For convenience* sake, a true concentration of 0*000n% is written as n%. 
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of a standard solution of methylene-blue (0*1 g. in 1000 c.c. of 
water). Ten c.c. of each of those solutions were mixed with 10 c.c. 
of water, and the transmission curves of the mixtures were plotted 
(Pig. 1). From time to timq, the transmissive powers were redeter¬ 
mined to ensure that they still agreed with those of the freshly 
prepared solutions, and therefore that the concentrations of 
methylene-blue were unchanged. 

Methylene-blue is adsorbed by many substances, including filter- 
paper. The solutions, therefore, were not filtered and the parts 
of the vessels used that would come into contact with the liquid 
were specially polished. 

Solutions of methylene-blue are not very stable. Under the 
influence of light and air they slowly lose their colour, 4 and much more 
quickly in presence of alkali. The mixture of methylene-blue and 
a sol under investigation was therefore compared with a solution 
having the same hydrogen-ion concentration. Wherever possible, 
for the preparation of the comparison liquid the same acid or alkali 
was used as that present in the sol. 

In many cases the sol itself was cloudy. The effect of the con¬ 
sequent scattering of light was ascertained in the following way. 
The transmissive power (a) of a mixture of 10 c.c. of the sol with 
10 c.c. of water was measured. If c is the transmissive power of 
the methylene-blue solution (10 c.c. of the diluted standard solution 
+■ 10 c.c. of water) and b that of the experimental mixture (10 c.c. 
of the diluted standard solution of methylene-blue + 10 c.c. of 
the sol), then, provided that there was no interference due to chemical 
reaction or adsorption, for each wave-length, ac «= 6. 

If the sol transmitted light to the same extent as water, a = 1; 
and to find any deviation from the c mixture 5 law, it was only 
necessary to compare c with b. 

Table I. 


Transmissive powers of methylene-blue + silica sol. 
% Cone, of methylene-blue. 


A(^). 

4. 

6. 

8. 

10. 

12*5. 

15. 

17*5. 

482 

95 

93 

89*5 

87*5 

85 

83 

80 

501 

95*5 

92*5 

89 

85*5 

83 

80 

75 

521 

94 

89*5 

84*5 

81 

79 

75 

69*5 

542 

84 

79*5 

74*5 

69 

64 

58 

52 

564 

70 

60 

53 

45 

40 

35 

30 

590 

65-5 

55 

47*5 

40 

34*5 

25 

22 

604 

74*5 

61 

53*5 

44*5 

40 

30 

26*5 

620 

80-5 

69*5 

60 

51*5 

45*5 

40 

35 

637 

85 

. 77 

68 

60 

55 

46 

42 

655 

86 

79 

70 

61 

57*5 

49 

44 

674 

90 

85 

82 

75 

— 

65 
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1. Silica Sol .—This was prepared by Ostwald’s method (“ Kleines 
Praktikum der Kolloidchemie,” 3rd ed. 3 p. 8, expt. 23). a = 1 for all 
wave-lengths. 

The transmissive power of the reddish-violet mixture of the 
methylene-blue solution with the silica sol (Fig. 2, curve 33) is quite 
different from that of its blue mixture with water (curve I); the 
minimum has shifted from X637 [xjx to X 590 and is’ of about 
twice the magnitude. Moreover, the two transmission curves have 

100 

90 

80 

70 

vO 

It eo 

50 

40 

30 

20 

482 501 521 542 564 590 620 655 674^. 

A. 

I, Methylene-Mue+water. II, Methylene-blue-^-silica sol. 

Ill, Methylene-blue-^silica sol+sodium hydroxide. 

different forms. These facts all indicate the production of a com¬ 
pound. 

To prove that the effect of the sol on the methylene-blue was 
not due to the presence of hydrogen- or hydroxyl-ions, the trans¬ 
mission curves were determined of methylene-blue solutions con¬ 
taining these ions. It will be seen (Table 33) that the addition 
neither of acid nor of alkali caused any considerable alteration in the* 
position of the mini m um of the curve for the methylene-blue solu¬ 
tion during the time of observation. If the solutions were kept for 
some time, the minimum shifted towards the blue end of the spec¬ 
trum (see last two columns). Acid was without appreciable effect 
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Table II. 

Effect of acid or alkali on the transmissive powers of 
m ethylene-blue. 

17*5% Methvlene-blue + 
N/10-NaOH. 




12*5% Methvlene-blue. 


— - 

- ^ 


.> - 

-- 

- N 

Soon after 

After 

After 

A (jj.fi). 

+ Water. +N/ 10-HCU 

-j-AT/lO-NaOH. 

mixing. 

2 hrs. 

24 hrs. 

482 

91*5 

91 

90*5 

79 

79 

61*5 

501 

92 

91*5 

89*5 

75 

75 

55 

521 

91*5 

90 

89*5 

69 

67*5 

45 

542 

85 

85 

83 

55 

55 

35 

564 

70 

68*5 

70 

40 

39*5 

29*5 

590 

46 

39*5 

51 

29 

29 

25 

604 

36 

30 

41 

25*5 

25 

48*5 

620 

31*5 

25 

35*5 

24*5 

25*5 

65 

637 

25*5 

20 

29-5 

23-5 

29 

75 

655 

32 

26 

35 

28*5 

37*5 

80 


on the transmissive power of the mixture of methylene-blue solution 
and silica sol, whilst the addition of alkali caused the point of 
inflexion in the region of X = 637 fzfx (Fig. 2, curve II) almost to 
disappear and the minimum to shift to X = 564 ^ (curve III). 

When a mixture of methylene-blue solution and silica sol was kept 
in an unpolished vessel, there was little if any adsorption of the dye 
on the walls. It seems as if the dye is so strongly held by the 
particles of sol that it is indifferent to any other influence. 

An experiment with kaolin gave somewhat similar results: 
Mixtures of 10% methylene-blue solution with (a) water, (6) silica 
sol* and (c) 1% sodium silicate solution were each shaken with 
100 mg. of kaolin, which was then allowed to settle. The super¬ 
natant liquid was (a) colourless, (6) violet-blue, (c) blue. 

In another experiment, 2, 3, 5, 10, 30, and 50% solutions of 
methylene-blue were each mixed with 10 c.c. of silica sol and shaken 
with 100 mg. of kaolin. After settling, the sediment was coloured 
in every case, the liquors from the 2% and 3% solutions were 
colourless, and the others were slightly coloured. 

Sodium Silicate (Merck’s commercial solution).—When the last 
experiment was repeated with a 1% solution of sodium silicate 
instead of the silica sol, even the liquors from the 2% and 3% solu¬ 
tions of methylene-blue were coloured. Sodium silicate seems to 
retain the dye better than silica sol. 

On mixing solutions of methylene-blue and sodium silicate a blue 
precipitate was obtained or not according as the former or the latter 
was in excess. A similar behaviour was not observed in the case 
of the silica sol. 

The transmission curves of mixtures of solutions of methylene- 
blue and sodium silicate were determined; the solutions were of 
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course alkaline. As in the case of the silica sol (Pig. 2, curve II), 
a^minimum was found at X 590 [xjx (Pig. 3, curve I). On addition of 
insufficient hydrochloric acid for neutralisation the minimum was 
slightly displaced and a bend appeared in the region of X 637 
(ourve II). When the mixture was made acid, the minimum shifted 
to X 637 fifjt, its place being taken by a slight bend (curve III). If the 



542 504 677 590 604 620 655 674^ 

A. 

I, Methylene-blue-{-sodium silicate water. II, Methylene-Hue -f- sodium 
silicate^r hydrochloric add (still faintly alkaline). Ill, Methylene-blue^sodium 
silicate-i'hydrochloric add (faintly add). 

acid was added very carefully until the mixture was neutral, the 
whole mass coagulated. 

Kaolin .—A suspension of 2 g. of kaolin in 100 c.c. of water was 
kept for 18 hours, and the turbid liquor was then syphoned off. 
This liquor, containing only the finest particles of the kaolin, was 
used in the following experiments and was well shaken before each 
determination* 
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Table III. 

Transmissive powers of mixtures of methylene-blue and kaolin. 


Me-b (6%) + kaolin. Me-b (10%) + kaolin. Mo-b (15%) + kaolin. 

-— — - ^ - — ■ A 1 „- . 


A ( fift ). 

a. 

ac. 

b . 

a. 

ac. 

b. 

a. 

ac. 

b . 

482 

48 

46 

50 

50 

46 

49 

47 

42 

45*5 

501 

47-5 

45-5 

50*5 

49*5 

45*5 

49 

47 

42 

46 

521 

48*5 

46 

50*5 

49 

44 

49 

48*5 

41*5 

45 

542 

51 

46 

50 

51 

44*5 

48 

50 

40 

44*5 

564 

51*5 

42 

45 

52 

38 

42*5 

53*5 

33 

37*5 

590 

57 

36 

41-5 

58 

26 

37 

54*5 

IS 

22 

604 

58 

30*5 

44 

59 

21 

36 

55 

14 

19*5 

620 

60 

27 

45*5 

61 

18 . 

35 

57■ 

11*5 

17 

637 

63 

23*5 

49 

62 

15*5 

35 

60 

9 

15 

655 

63 

27 

50*5 

64 

19 

39 

60 

16*5 

20 


Fia, 4. 



The transmissive powers of the kaolin suspension (a), of the 
methylene-blue solution (c), and of the mixture of the two (b) were 
determined and b was compared with ac (Table III and Fig, 4), 
The b transmission curves and the calculated ac curves are almost 
Jiraflel for the more concentrated solutions of methylene-blue, but 
diverge in the case of dilute solutions. The b curve, however, 
invariably lies above the corresponding ac curve, and therefore it 
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Table IV. 


Transmissive power of methylene-blue (10%). 


A (w)* 

■ + Water 

-\-N/5 0-Acetic acid; 

4- Aluminium 
hydroxide sol. 

677 

63 

57 i 

49 

690 

50 

41' 

35 

604 

37*5 

30 

28 

620 

30 

24*5 

21 

637 

26 

21 

18‘5 

655 

57 

50 

42*5 







may be concluded that Fig. 5 . 

the methylene-blue is j Z j J 1 j j 

partly adsorbed by the A 1 

kaolin. 60 

Aluminium Hydroxide 
Sol —The sol was pre¬ 
pared by Ostwald’s 
method (op. cit. 9 p. 12, 
expt. 30). A mixture of 50 

methylene-blue solution 
and the sol was less trans¬ 
parent than the corre- h 
sponding mixture of 40 

methylene-blue and 
water. This result was 
due to the presence in 
the sol of acetate ions, 
which diminish the trans- 30 

missive power of methyl- 
ene-blue (Table IV and 
Kg. 5 ). Almost identical 
transmission curves were 

20 

obtained for the methyl- 

ene-blue solution + the 577 590 604 620 637 655^, 

aluminium hydroxide sol A. 

and methylene-blue solu- I, 10 % methylene~Mue+water % II, 10 % 

4- An aratate buffer rnethylene-blue+Ni50-acetic mid* III, 10% 
taon -f- an acetate DUner me ^ h yi me .blue+alurmmum hydroxide sol. 

the p K of which was the 

same as that of the sol (3*84).* No adsorption of methylene-blue, 
therefore, can be demonstrated in the case of alu min i um hydroxide 
sol. 

Natural Protein,—A solution of white of egg in water (20 vols.) 

* Compare A. Fodor, “ Determination of the affinity constants of weak 
acids and bases ” (“ Handbuch der biologisehen Arbeitsmethoden,” jE. 
Abderhalden, p. 474). 


1 
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was filtered. The filtrate was turbid, and therefore a had to be 
determined. On comparing ac (where c = transmissive power of 
methylene-blue + buffer solution) with b, no difference was observed 
(Table Y). Natural protein, therefore, does not adsorb methylene- 
blue. 

Table V. 

Transmissive power of white of egg + methylene-blue (10%). 


A (fjifi). 

a. 

c. 

ac. 

6. 

A (jifi). 

a. 

c. 

ac. 

6. 

482 

92 

93 

85*5 

86 

590 

95 

47*5 

45 

44 

501 

98-5 

93 

87 

86 

604 

95 

35 

33 

34 

521 

98-5 

92*5 

86*5 

85*5 

620 

95 

29 

27*5 

28*5 

542 

94 

84-5 

79*5 

78 

637 

95*5 

24 

23 

24 

564 

95 

70*5 

67 

69*5 

655 

96 

33*5 

32 

34*5 


An experiment was also made with the protein at the isoelectric 
point. Acid was added in increasing quantities to solutions of the 
protein, and the concentration was thus found (viz., 0*6 c.c. of 
N /10-hydrochloric acid for 10 c.c. of protein solution) at which 
the protein coagulated most rapidly on heating. The above experi¬ 
ments were repeated with such a protein mixture, but again there was 
no difference between ac and b» 

Finally, the protein was finely dispersed by the addition of sodium 
hydroxide (1 c.c. of N /10-solution to 10 c.c. of protein solution), 
and the mixture with methylene-blue examined in the usual way, 
the comparison liquid being a solution of sodium hydroxide of the 
same p R as the protein mixture. No adsorption of methylene-blue 
was detected. 

Casein .—A solution of 2 g. of casein (Hammersten) in 60 c.c, of 
water and 2 c.c. of iYsodium hydroxide was diluted to 100 c.c. 
with water, a slight excess of hydrochloric acid added, and the 
solution kept for 12 hours. The precipitated casein was washed free 
from chloride, and dissolved in 100 c.c. of if/15-disodium hydrogen 
phosphate or M /15-sodium carbonate. 

The of the phosphate solution was 7*45. A buffer solution of 
the same was made by mixing 84 c.c. of M /15-disodiumhydrogen 
phosphate with 16 c.c. of water. 

Mixtures of either solution of casein (phosphate or carbonate) 
with methylene-blue were examined, but no difference was found 
between ac and b, and therefore no adsorption occurred. 

Pure Albumin .—A 10% solution of white of egg was mixed with 
an equal volume of saturated ammonium sulphate solution, the 
precipitated globulin removed, and the filtrate dialysed for several 
days until it was free from sulphate. The solution of albumin thus 
obtained was used in experiments -with methylene-blue, but no 
adsorption was detected. 
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Saponin .—The transmission curve of a mixture of methylene-blue 
with a 10% solution of saponin (for which a = 1) was the same as 
that of its mixture with water. There was, therefore, no adsorption. 

Kobert (Freundlich, “ Kapillarchemie,” 3rd ed., 1923, p. 889) 
dialysed a saponin solution against a solution of methylene-blue and 
showed that the dye accumulated in the sol so that its concentration 
there exceeded that in the external solution. We tried to repeat 
this experiment; but the whole of the methylene-blue was adsorbed 
by our dialysis membrane (“ Dialysierhulse ” of Schleicher and 
Schiill) and both liquids became colourless. 

Gelatin .—A 1% solution of gelatin, made by warming 1 g. to 70° 
with 100 g. of water, becomes more opalescent on standing, but if 
it is prepared under the proper conditions, reproducible values of its 
transmissive power can be obtained. The calculated and the experi¬ 
mental values of the transmissive power of the mixture methylene- 
blue 4* gelatin were the same. Hence gelatin does not adsorb 
the dye. 

Discussion. 

It has been shown that sols of proteins, such as casein, natural 
white of egg, purified albumin and gelatin, do not adsorb methylene- 
blue; the substances remain mutually uninfluenced. This result 
is very remarkable, because, in the precipitation of a solution of 
protein containing methylene-blue by means of electrolytes, the 
dye always comes down with the coagulum and colours it blue. 
Possibly in the latter case, the particles of protein may be completely 
dehydrated; and the activities of the hydrated and the dehydrated 
particles may be different. 

Also aluminium hydroxide sol and methylene-blue in solution 
are without influence on each other. Flocculating aluminium 
hydroxide, however, may carry down methylene-blue. Since both 
substances are basic, the reason for the carrying down must be sought 
in some physical cause—an explanation which might be applic¬ 
able to coagulating protein also. The conditions of this mechanical 
adsorption are of course not yet known. It must, however, be kept 
in mind that methylene-blue is mechanically retained by substances 
of many different kinds, e.g., glass, filter-paper, different kinds of 
membranes, etc. The adsorption of methylene-blue by finely 
divided kaolin is also a mechanical one, as may be seen from the 
absorption curve. The experimental curve runs almost parallel to 
the calculated one and lies above it. Consequently the transmissive 
power observed is greater than that calculated, but here, unlike 
the case of silica sol or sodium silicate, no new absorption minim u m * 
results, so that there is no new specific absorption curve of the 
mixture to be observed. Indeed the calculated curve for the kaolin- 



112 STUDIES m ADSORPTION BY AN OPTICAL METHOD. 

methylene-blue mixture has an absorption minimum, namely, that of 
pure methylene-blue, at X = 637 and this does not appear in 
the experimental curves for very low concentrations of methylene- 
blue (Table HI). This, however, is because the kaolin adsorbs the 
whole of the methylene-blue. 

The absorption curve of the system silica sol + methylene-blue, 
on the other hand, is characteristic in that it has a new absorption 
minimum (quite removed from that of the methylene-blue). This 
and the production of a violet colour, appreciable by the naked eye, 
indicate chemical combination between the silica and the dye. 

The same violet coloration and the same absorption minimum are 
obtained when a dilute solution of water-glass mixed with methylene- 
blue is used. The same compound is produced with its own absorp¬ 
tion minimum at X = 590 near which the absorption minimum of 
methylene-blue also is to be found. 

This investigation shows that it is possible by spectrophotometric 
methods to determine (1) whether a dye is not adsorbed at all by col¬ 
loidal adsorbents (e.g., albumin, casein, gelatin,* saponin, aluminium 
hydroxide sol), (2) whether a mechanical adsorption takes place, 
e.g., kaolin suspension (i lyosorption ), or (3) whether there is chemical 
combination between the adsorbent and the dye, e.g., water-glass 
solution, silica sol (chemosorption). (See Fodor, Koll.-chem. Beih 
1923, 18, 77; “ Grundlagen der Dispersoid Chemie,” Dresden u. 
Leipzig, 1925.) 

In case 1 the curves calculated from the values of a and c agree 
with the experimental curves. 

In case 2 there is a parallel displacement upwards of the experi¬ 
mental curve. 

In case 3 the curve has a special form with one (or perhaps several) 
new absorption minimum. 

It is often very difficult to distinguish between chemosorption and 
lyosorption. In case 3, however, we believe that the appearance 
of a new absorption minimum indicates chemosorption. An 
example of the capacity of colloidal solutions to form reproducible 
definite stoicheiometric compounds is to be found in the case of the 
albumin solutions investigated by Sorensen and Hoyrup (Z. physiol . 
Ghem ,, 1918, 103 , 104). 

We have to thank Miss S. Rubinstein for help in the experimental 
part of the work. 

The Hebrew University, Jerusalem. [Received, July 6 th, 1925.] 

* * Recent researches have shown that the phospho-protein sol from yeast- 

macerate is able to bx methylene-blue fairly strongly. The results will be 
published later. 
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XIX .—Substituted Dihydropentazines—A New Series 
of Cyclic Nitrogen Compounds . 


By Frederick Daniel Chattaway and George David Parkes. 

It has recently been shown (J., 1925, 127, 975, 1687) that when 
halogens react with benzaldehydephenylhydrazones substitution 
occurs in the hydrazine residue and in the so-called w-position, that 
is, in the *CH; group. This affords an easy method of obtaining 
in quantity many substituted hydrazones, in which the co-halogen 
is unusually reactive. 

Such a)-bromo-substituted hydrazones, for example, react with 
ammonia to form hydrazidines which are converted by the action 
of nitrous acid into tetrazoles (compare Pinner, Ber 1894, 27,984). 

Several tetrazoles, prepared by this method, which establishes 
their constitution, have been shown to be identical with the com¬ 
pounds produced by heating the corresponding hydrazone with 
phenyl azide (compare Dimroth, Ber., 1910, 43, 2899). For 
example, benzaldehyde-2 :4-dibromophenylhydrazone yields l-(2:4- 
dibromophenyl)A~phenyltetrazole by either method, thus : 


ft 7 

PhCBr 


•NH-C 6 H 3 Br 2 


KH, 


1' 


/ 


NH-C 6 H 3 Br 2 


PhC-NH, 


■<^•0 


N-C 6 H 3 Br, 


V 

PhCH 


,NH-C 6 H 3 Br 2 


/n5§£ ,BI! 


_y N/ N-NHPh 

phN * Phc-M 


(I.) 


These co-halogen compounds react also with hydrazine, replacing 
by a hydrazino-group, the w-halogen. For example, o-bromo- 
benzaldehyde-2:4-dibromophenylhydrazone yields u-hydmzino- 
benzaldehyde-2 : 4z-dibromophenylhydrazone * (II) : 

C,H 8 BvNH-|f kh,'Nh, C e H 3 Br 2 -NH-N 

PhCBr -> (H.) PhC-NH*NH a 

This compound behaves as a substituted hydrazine: it forms 
salts with halogen acids, yields an acetyl derivative when treated 
with acetyl chloride, and reacts with aldehydes, forming hydrazones. 
It also reacts with excess of co-bromobenzaldehyde-2:4-dibromo¬ 
phenylhydrazone, forming a compound having probably the con¬ 
stitution (III). 

(HI.) OeH 3 Br 2 -NH-N:GPh-NH-NH€Ph:NOT-G fl H 3 Br^ 

* This behaviour is in marked contrast to that of phenylhydraziae, which 
converts the hydrazone into a formazyl compound (compare Fe ehmann , Ber,, 
1894, 27, 322). 
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When treated with nitrous acid these w-hydrazinobenzaldehyde- 
hydrazones are converted into dihydropentazines. Thus, for 
example, <o-hydrazinobenzaldehyde-2 :4-dibromophenylhydrazone 
yields l-(2 : 4- dibromophenyl)-5-phenyl-l : 4 -dihydropentazine (IV); 


/ 

N 

Ph^Br 


NH'CgHgBr, 


NH-C 6 H 3 Br 2 

NHa-NH, HO-NO 

^ PhC NH 2 * 

\/ 

NH 


If 

PhO 


N-C 6 H 3 Br 2 

/\ 6 


I 




(IV.) 


The 5-phenyldihydropentazines are crystalline, odourless, weakly 
basic compounds which on being rapidly heated decompose, yielding 
benzonitrile. 

Eipbeimental. 

Preparation of l-(2 : 4:-Dibromophenyl)A-phenyl-l : 2 : 3 : 5-itetr~ 
azole (I).—(a) From u-bromobenzaldehyde-2 : 4- dibromophenylhydr - 
azone. The hydrazone was prepared by the action of bromine upon 
benzaldehydephenylhydrazone and converted into the corresponding 
hydrazidine by boiling with an aqueous alcoholic solution of ammonia 
(compare Chattaway and Walker, loc. cit .). 

A suspension of finely ground benzaldehyde-2 : 4-dibromophenyl- 
hydrazidine (5 g.) in a mixture of 20 c.c. of concentrated hydrochloric 
acid and 10 c.c, of water was cooled in a freezing mixture and 1 g, 
of solid sodium nitrite was added very gradually with constant 
stirring. l-(2 : 4- Dibromophenyiy^phenyltetrazole separated as a 
slightly brown solid. It was filtered off, washed repeatedly with 
water, and recrystallised from boiling alcohol, in which it is 
moderately easily soluble and from which it separates in a felted 
mass of fine, white needles, m. p. 127° (Found : Br, 41*7. C 13 H 8 N 4 Br a 
requires Br, 41*95%). 

(b) From benzaldehyde-2 : 4 -dibromophenylhydrazone and phenyl 
azide . A mixture of 5 g. of benzaldehyde-2 : 4-dibromophenylhydr¬ 
azone, 2 g. of phenyl azide, and a solution of 0*4 g. of sodium in 8 c.c. 
of alcohol was heated at 100° in a sealed tube for 15 hours. The 
tetrazole which separated was filtered off, washed with a little 
alcohol, and recrystallised several times from boiling alcohol, separat¬ 
ing as a felted mass of fine, white needles, m. p. 127°. 

This and the tetrazole prepared by method (a) were identical in 
every respect. 

1 - (2 : 4 - Dibromophenyl) - 4 - m - nitrophenyl -1 : 2 : 3 : 5 - tetrazole 
(formula corresponding with I) was prepared similarly from 
<*>-bromo-m-nitrobenzaldehyde-2 : 4-dibromophenylhydrazone. It 
separates from boiling alcohol, in which it is somewhat sparingly 
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soluble, in colourless needles, m. p. 215° (Found: C, 37-0; H, 1-7; 
N, 16*55; Br, 37*5. C 13 H 7 0 2 N 5 Br 2 requires C, 36-7; H, 1*6; 
N, 16-5; Br, 37-65%). 

<si»Hydrazinobmzaldehyde-2 : 4:-dibro)nophenylhydrazone (II).—A 
suspension of 10 g. of finely divided <*)-bromobenzaldehyde-2:4- 
dibromophenylhydrazone in 50 c.c. of alcohol was added to 10 c.c. 
of a 50% hydrazine hydrate solution, and the mixture shaken vigor¬ 
ously for 15 minutes. It was then kept for 12 hours, when the whole 
had become a semi-solid, light brown mass. The solid was filtered 
off and the u-hydrazinobenzaldehyde-2 : 4z-dibromophenylhydrazone 
separated from the hydrazine hydrobromide with which it was 
mixed, by heating it with 40—50 c.c. of alcohol and filtering hot. 
On cooling the warm alcoholic solution, w-hydrazinobenzaldehyde- 
2 - 4-dibromophenylhydrazone separated in almost colourless 
needles, m, p. 123° (decomp.) (Found : Br, 41-8. C^H 12 N 4 Br 2 
requires Br, 41-7%). 

This compound can be preserved unchanged for a considerable 
time in a sealed tube, although it darkens somewhat when exposed 
to light. When exposed to the air, it undergoes slow decomposition. 

On adding excess of strong hydrochloric acid to a warm alcoholic 
solution of <o-hydrazinobenzaldehyde-2 : 4-dibromophenylhydrazone 
the hydrochloride of the base separates on cooling as a colourless, 
microcrystalline powder, m. p. 188° (decomp.). The sulphate, 
obtained similarly, separates in minute, colourless plates which on 
heating decompose without melting. 

a> - Benzylidenehydrazinobenzaldehyde-2 : 4t-dibromophenylhydrazone, 
C 6 H 3 Br 2 *NH*N:CPh-NH-N:CHPh, is obtained as a yellow, crystal¬ 
line powder on warming together in alcoholic solution equivalent 
quantities of benzaldehyde and (o-hydrazinobenzaldehyde-2; 4- 
dibromophenylhydrazone. It separates from boiling alcohol, in 
which it is moderately easily soluble, in small, yellow needles, m. p. 
126° (Found: Br, 33*8. C 20 H 16 N 4 Br 2 requires Br, 33*9%). 

This compound dissolves with a yellow colour in strong alcoholic 
potash, and in strong sulphuric acid with a brown colour which 
soon changes to red. 

o) - p - Nitrobenzylidenehydrazinobenzaldehyde - 2 : 4 - dibromophenyl- 
hydrazone, C 6 H 3 Br 2 *!SIH*NICPh*]SrH*N. , CH*C 6 H 4 *N0 2 , was prepared 
similarly from p-nitrobenzaldehyde. It separates from boiling 
alcohol in small needles which appear dark violet by transmitted 
light and dark green by reflected light; m. p. 194° (Found; Br, 
30*8. O 20 H 15 O 2 N 6 Br 2 requires Br, 31*0%). 

It dissolves in strong alcoholic potash with an intense blue colour, 
which fades almost immediately. With sulphuric acid a brown 
colour is produced which becomes violet on standing. 
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The action of a further quantity of co-bromobenzaldehyde-2:4- 
dibromophenylhydrazone upon <o-hydrazinobenzaldehyde-2:4- 
dibromophenylhydrazone yields a compound, having in all prob¬ 
ability the sym m etrical constitution (III), hydrazobmzaldehyde- 2 : 4- 
dibromophenylhydrazone. 

This compound was obtained by boiling a solution of 2 g. of 
a>-hydrazinobenzaldehyde-2:4-dibromophenylhydrazone and an 
equivalent quantity of co -bromobenzaldehyde-2:4-dibromophenyl- 
hydrazone in 20 c.c. of alcohol under reflux for 12 hours. A solid 
separated which was filtered off and recrystallised from boiling 
glacial acetic acid, in which it was fairly easily soluble and from 
which it separated in colourless needles, m. p. 237° (Found: 
Br, 43-2. C^H^NgBr* requires Br, 43*4%). 

l-(2 :4- DibromophenyiyS-phenyl-l : 4 -dihydropentazine (IV).— 
Five grams of finely divided co-hydrazinobenzaldehyde-2 :4-dibromo- 
phenylhydrazone were added to a mixture of 25 c.c. of concentrated 
hydrochloric acid and 25 c.c. of water, and stirred vigorously. The 
hydrochloride of the base separated in the course of a few minutes 
as a finely divided, colourless, crystalline powder. The whole was 
then cooled in a freezing mixture and treated with 5 g. (a con¬ 
siderable excess) of sodium nitrite with constant stirring. The 
dihydropentazine separated as a pasty, slightly brown, semi-solid 
mass, which was filtered off and washed repeatedly with water. It 
was then washed with a little light petroleum (b. p. 40—60°) and 
recrystallised from boiling alcohol, in which it is fairly easily soluble 
and from which it separates as a colourless, microcrystalline powder, 
m. p. 172° (decomp.) (Found: Br, 40*4; N, 17-6. C 13 H 9 N 6 Br 2 
requires Br, 40*5; N, 17*7%). 

When rapidly heated alone, the compound decomposes with a 
puff of black smoke and formation of benzonitrile. One g. of the 
substance was rapidly heated in a long glass tube sealed ,at one end. 
After decomposition drops of a yellow liquid condensed on the cool 
parts of the tube. The tube was washed out with ether, the ethereal 
solution filtered, and the ether evaporated. The residual drop of 
yellow oily liquid, which had a smell resembling that of benzonitrile, 
slowly dissolved when it was boiled with aqueous sodium hydroxide, 
ammonia being evolved; from the cooled, acidified solution, benzoic 
acid was obtained which separated from boiling water in white, 
shining flakes, m. p. 120°. The yellow oil was therefore benzonitrile. 

l-(2 :4-Dibromophenyl)-5-phenyldihydropentazine is a colourless, 
crystalline solid which exhibits slightly basic properties. It is with¬ 
out odour and is easily soluble in the common organic solvents. It 
is quite stable to air and light. 

The action of nitrous acid on (o-hydrazinobenzaldehyde-2:4- 
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dibromophenylhydrazone might conceivably have yielded, not the 
dihydropentazine, but an azide of the structure 

C 6 H 3 Br 2 -NH-N:CPh-N<|. 

That the compound produced has not this structure is shown by the 
circumstance that when heated at 100° for 60 hours in a sealed 
tube with acetone saturated with acetylene at 0° the whole was 
recovered completely unchanged. Had it possessed the azide struc¬ 
ture it should have reacted with the acetylene, yielding 1 : 2:3- 
triazole-l-(benzaldehyde-2 :4-dibromophenylhydrazone) (compare 
Dimroth, Ber 1910, 43, 2222). Further, as mentioned above, 
Pinner obtained phenyltetrazole and not benzenyliminoazide by the 
action of nitrous acid on benzenylhydrazidine, NHIOPh*NH*NH 2 , 
which is an analogous compound to the a>-hydrazino-compound from 
which the new ring compound was prepared. Its behaviour, there¬ 
fore, is inconsistent with an azide structure, whilst it possesses the 
properties which would be expected in a dihydropentazine. 

The formation of this compound is of considerable interest, as it 
contains a type of nitrogen ring apparently hitherto undescribed. 

The Queen’s and Keble Colleges, 

Oxford. [Received, December 1st, 1925.] 


XX .—Purification of Phosphoric Oxide . 

By George Ingle Finch and Reginald Percy Fraser. 

The method for the purification of phosphoric oxide as devised 
by Finch and Peto (J., 1922, 121, 692) has been employed in these 
laboratories for the last 4 years. In the light of the experience 
thus gained, several modifications in the original apparatus have 
been adopted which permit of the attaining of greater yields and 
increased rapidity of working. The modified form of apparatus 
consists of two iron tubes of 2-inch bore, the one 24 and the other 
12 inches in length, f These tubes are coaxially joined together 
by means of a 2£-inch bore T-piece, the 1-inch long upper branch 
of which is machined flat and closed by the plug P, the lower surface 
of which is also machined. This 36-inch tube is supported in an 
inclined, gas-fired combustion furnace. Oxygen is led from a 
cylinder through glass wool into the lower end of the tube, the 
attachment being made by means of a length of |-inoh iron tubing 
and a screwed adaptor. The cylinder oxygen employed in these 
laboratories is made by fractional distillation at liquid air and 
therefore needs ho preliminary drying. The glass wool serves to 
retain dust. The upper and condensing end of the tube consists 
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of a 2J-inch smoothly rounded, right angle bend, into the lower 
end of which a 2-inch length of 2-inch bore tubing is screwed. 
The receiver in which phosphoric oxide is condensed consists of 
a 1J litre glass-stoppered bottle, the neck of which is just sufficiently 
wide to admit the 2-inch bore iron tube. The right angle bend as 
far as the neck of the bottle is well lagged with asbestos cloth and 
heated by means of a large Teclu burner in order to prevent 
condensation in the tube itself. 

The method of operation is as follows. The main, 36-inch tube 
is first brought to a bright red heat. A rapid stream of oxygen 
(3 litres per minute) is then admitted, and 10 to 15 g. of the impure 
phosphoric oxide are fed in, in one lot, through the short branch 
of the T-piece into the main tube, whereupon the plug is immedi¬ 
ately replaced. The viscous phosphoric acid soon formed on the 


Fig*. 1. 



machined surfaces of the plug and T-piece forms an effective seal. 
Rapid volatilisation of the oxide occurs, and a dense white cloud 
of pure crystalline phosphoric oxide is seen to condense in the 
receiver. A fresh charge of impure oxide is introduced as soon 
as the condensation due to the previous charge subsides. Glassy 
phosphoric acids formed in the main tube flow down towards the 
oxygen inlet end. They may be removed when the tube is cold 
by unscrewing the J-inch adapter and hammering the tube. The 
necessity for this does not arise until after several pounds of oxide 
have been distilled. The 24-inch section of the main tube serves 
to preheat the oxygen and to distil the volatile portions of the 
viscous oxides. The distillation section of the main tube must 
be kept at a bright red heat, and the right angle bend and the 
short piece of tubing attached to it and entering the receiver must 
be kept at a sufficiently high temperature to prevent condensation 
anywhere in the iron tube itself. At a normal rate of working, 
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about 500 g. of oxide can be distilled in this manner in 1 hour. 
The yield obtained varied from 70 to more than 80%, according 
to the nature of the original impure oxide and the skill of the 
operator. Owing to the rapid rate and the high temperature 
(above 800°) at which distillation occurs, a uniform crystalline 
product of a volume about 5 times that of the original oxide, and 
thus well suited for drying operations, is obtained. In order to 
obtain rapidly a good yield of pure product, distillation should 
not be commenced until the main tube is at a bright red heat 
with a large excess of oxygen passing through it. The receiver 
serves as the storage bottle, the stopper being lubricated with phos¬ 
phoric oxide. The pure product obtained and stored in this manner 
will keep indefinitely. 

The suitability of a phosphoric oxide for use in the experimental 
study of heterogeneous gas reactions or the attainment of a Bakerian 
degree of dryness depends on its vapour pressure, voluminous nature, 
and freedom from impurities, such as lower oxides of phosphorus 
and traces of organic matter. Smits and Rutgers (J., 1924, 125, 
2573) have shown that heating at temperatures above 400° yields 
that form of phosphoric oxide which exhibits the minimum vapour 
pressure. The rapid distillation carried out in the manner described 
above yields a crystalline product of great voluminousness. Traces 
of organic impurities may be detected by gently heating the 
moistened product in a test-tube; discoloration occurs if organic 
matter is present. The absence of lower oxides of phosphorus is 
best confirmed by the silver nitrate test described by Finch and 
Peto (loc. cit.). The mercuric chloride test also mentioned by 
them and advocated by Whitaker (J., 1925, 127, 2219) has been 
found by us to be less sensitive than the silver nitrate test and 
therefore is not to be recommended. 

Imperial College op Science and Technology, 

South Kensington, S.W. [Received, December 18 th, 1925.] 


XXI .—Production of Arsenic Subsulphide. Reduction 
of Certain Arsenic Compounds by Sodium Hypo¬ 
sulphite [ Hydrosulphite ]. 

By Walter Farmer and James Brierley Firth. 

Preliminary experiments on the reduction of certain arsenic 
compounds by sodium hyposulphite gave a product which was 
insoluble in colourless ammonium sulphide and appeared to be 
a subsulphide of arsenic. In the present investigation the pro- 
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ducts obtained by reducing various arsenic compounds in acid 
and in alkaline solution by sodium hyposulphite "were examined* 

In all the experiments the amounts of the different arsenic 
compounds taken were equivalent to the quantity of arsenic con¬ 
tained in 1 g. of pure arsenic trioxide, i.e 0-7575 g. of arsenic. 

Filtration and washing of the precipitate at room temperature 
was a very slow process; if, however, the product was heated to 
boiling, the precipitate coagulated, and filtration and washing 
were greatly facilitated; also analysis showed that the composition 
of the precipitate was not affected by this treatment. 

Analysis of the Product .—A solution of the precipitate was 
obtained by two distinct methods : (a) oxidation by fuming nitric 
acid, (6) oxidation by sodium peroxide in presence of hydrogen 
peroxide. Both methods were used for the precipitate obtained 
in each experiment and the two sets of results obtained showed 
satisfactory agreement. In each case, the arsenic was estimated 
as magnesium pyroarsenate (Levol, see Treadwell’s “ Analytical 
Chemistry,” 1915, Vol. ii, pp. 206—208) and the sulphur as sulphate 
(Hentz and Weber; op. cit ., p. 469). To obtain a further check 
on the results, the arsenic remaining in the filtrate , and washings 
was also estimated. 

Series J. Reduction (a) at 18°, (b) at 0° in Hydrochloric Acid 
of Definite Concentration by Sodium Hyposulphite in Various Con¬ 
centrations. —The requisite quantity of the arsenic compound was 
dissolved, if necessary by heating under reflux, in a mixture of 
5 c.c. of concentrated hydrochloric acid and 45 c.c. of water. A 
solution of the requisite quantity of sodium hyposulphite in 50 c.c. 
of water was rapidly added, making the total volume 100 c.c. In 
all cases there was an immediate precipitation of a dark brown 
product, the quantity of which varied with the concentration of 
hyposulphite used. 

Experiments carried out over periods ranging from 30 minutes 
to 12 hours showed that the duration of the experiment did not 
appear to affect the nature of the decomposition product, but 
only slightly increased the amount of the precipitate. In all 
subsequent experiments, therefore, the reaction was allowed to 
proceed for 12 hours, the reaction flask being well stoppered and 
the contents frequently shaken. After 12 hours, the reaction 
products were heated just to boiling point, and the precipitate was 
filtered off, thoroughly washed, dried at 100°, and weighed. In 
seri es (5), the solutions were cooled to 0° before mixing and the 
temperature of the mixed solutions was maintained at 0° for 12 
hours. The results are in Table I; w = grams of hyposulphite in 
100 c.c. of mixed solutions* 
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Table I. 




(a) Reaction temp. 18°. 

( 6 ) Reaction temp. 0°. 

As cmpd. 

w. 

% As 
ppted. 

% As in 
ppte. 

% S in 
ppte. 

% As 
ppted. 

% As in % S in 
ppte. ppte. 

As 4 0 8 

4 

64*19 

86*69 

13*47 

61*25 

87*50 

12*68 

6 

68*74 

85*63 

14*51 

65*39 

86*38 

13*78 


8 

73*09 

85*92 

15*25 

69*98 

85*80 

14*33 


10 

79*12 

84*03 

16*09 

75*26 

84*87 

15*28 

As 2 0 5 

4 

36*34 

75*79 

24*35 

35*61 

85*87 

14-30 

6 

37*20 

74*87 

25*25 

36*75 

85*13 

15-01 


8 

38*98 

74*02 

26*08 

37*98 

84*50 

15-68 


10 

40*05 

73*41 

26*75 

39*78 

83*81 

16*31 

Series II. 

Reduction 

at 18° 

in Oxalic Acid Solution 

of Definite 


Concentration by Various Amounts of Sodium Hyposulphite *—This 


series was carried out in order (if possible) to reduce the rate of 
decomposition of the sodium hyposulphite in the acid solution. 
The requisite quantity of the arsenic compound (— 0*7575 As) 
was dissolved in a solution of 4*5 g. of oxalic acid in 75 c.c. of water. 
The hyposulphite was dissolved in 25 c.c. of water and rapidly 
added to the oxalic acid solution. Other details were as before. 
The results are in Table II. 


Table II. 




AS 2 O 3 . 






% As 

% As in 

%Sin 

% As 

% As in 

% S in 

w. 

ppted. 

ppte. 

ppte. 

ppted. 

ppte. 

ppte. 

4 

73*20 

80*31 

19*86 

36*19 

75*89 

24-25 

6 

87*22 

76*91 

23*24 

37*45 

75*12 

25*03 

8 

88*53 

76*33 

23*86 

38*97 

74*55 

25*56 

10 

90*89 

75*89 

24*31 

40*11 

74*23 

25*93 


Series III . Reduction at 18° in Hydrochloric Acid of Various 
Concentrations by Sodium Hyposulphite of Definite Concentration .— 
In order to ascertain the effect of acid concentration, solutions of 
1 g. of arsenic trioxide in 50 c.c. of hydrochloric acid of definite 
strength were each treated with 25 c.c. of a solution containing 
10 g. of sodium hyposulphite. With increasing concentration of 
acid the colour changed from dark brown to very light brown. 
The results are in Table III&. This series was repeated, a quartz 
vessel being used. The results are in Table IIB. 

Table III. 

As C.c. of % As ppted. % As in ppte. % S inppte. 
cmpd. cone. HC1. a. * b. a. b. a, b. 

As.O s 5 87*16 82*19 85-69 ^ 80*82 14-49 19*46 

10 84*26 78*65 80*96 73*78 19*25 26*47 

20 79*42 76*98 73*48 69*48 26-71 30*83 

30 74*95 71*89 62*77 56*56 37*39 43*73 

40 72*91 70*05 56*22 53*60 43*98 46*76 
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Series IF. Reduction in Potassium Hydroxide Solution of Definite 
Concentration by Sodium Hyposulphite in Various Concentrations .— 
Preliminary experiments showed that no dark brown precipitates 
were formed at room temperature, even after 3 hours* As the 
temperature was being raised to the boiling point of the alkaline 
solution in which the reduction was taking place, there was a 
continuous darkening of the reaction liquid followed by the form¬ 
ation of a dark brown precipitate, the bulk of which increased 
after the liquid had reached the boiling point. The escaping 
vapour contained a gas having a strong garlic odour. This gas 
was further examined. The flask containing the reaction liquid 
was fitted with a small reflux condenser, to the top of which a 
hard glass tube was attached. The reaction liquid was boiled 
for 30 minutes while one part of the tube was strongly heated* 
A white, crystalline sublimate of arsenious oxide and a metallic 
mirror of arsenic formed in the cooler parts of the tube. Further, 
the gas produced a black deposit of metallic silver in a dilute 
solution of silver nitrate and reacted with iodine in solution. 

The subsequent experiments were carried out at the temperature 
of the boiling solution. A solution of the arsenic compound in 
50 c.c. of SiVpotassium hydroxide was treated rapidly with the 
required amount of sodium hyposulphite dissolved in 50 c.c. of 
3iV-potassium hydroxide. The gas evolved from the boiling mixture 
was passed into 25 c.c. of Nj 10-iodine solution, the evolution being 
complete after 20 minutes. In subsequent experiments, therefore, 
the reaction liquid was maintained at the boiling point for 30 
minutes, and was then diluted to 200 c.c. and filtered through a taxed 
filter; the precipitate was thoroughly washed, dried, and analysed. 
The iodine solution was titrated with N /10-thiosulphate. The results 
are in Table IV. 

Table IV. 


As empd. 

W. 

% As 
ppted. 

% As in 
ppte. 

% S in 
ppte. 

%As 

evolved. 

As 2 0 3 

4 

77-02 

95-84 

4-30 

0-50 

6 

79-75 

95-68 

4-49 

0-60 


8 

83-20 

93-50 

6-65 

0-50 


10 

86-66 

89-02 

11-16 

0-49 

AsjOj 

4 

trace 

— 

— 

0*40 

6 

trace 

— 

— 

0-40 


8 

5-93 

92*19 

8-06 

0*42 


10 

8-38 

90-09 

10-08 

0*42 

Series V . 

Reduction at 18°, 

a Neutralisation Method being used 


in which the Arsenic Compound dissolved in Hydrochloric Acid of 
Definite Volume and Concentration is reduced by Various Amounts 
of Sodium Hyposulphite dissolved in Potassium Hydroxide Solution 
of the same Volume and Normality as the Hydrochloric Acid. —The 
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hyposulphite dissolved in 50 c.c. of 1-2^-potassium hydroxide 
was rapidly added to a solution of the arsenic compound in 50 c.c. 
of 1 • 2N -hydrochloric acid. In all cases, there was an immediate 
precipitation of a dark brown substance; after 12 hours, this was 
filtered off, washed, dried, weighed, and analysed. The results 
are in Table V. 



Table V. 

Arsenic trioxide. 

Trisodium arsenite. 


% As 

% As in 

% S in 

% -A*® 

% As in 

% S in 

w . 

ppted. 

ppte. 

ppte. 

ppted. 

ppte. 

ppte. 

4 

82-75 

93-18 

6*96 

69*79 

88-09 

13*12 

6 

88-37 

93-47 

6-70 

76-02 

88-15 

13*08 

8 

94-81 

93-62 

6-57 

80-05 

88-21 

13-02 

10 

99-24 

93-89 

6-24 

87-28 

88-17 

13-06 


Arsenic pentoxide. 

Trisodium arsenate. 


/ 



r 



4 

50-08 

76-89 

23-29 

40-39 

69-31 

30-88 

6 

51-98 

76-42 

23-72 

42-56 

69-17 

30-97 

8 

55-13 

75-93 

24-22 

43-97 

68-88 

31-28 

10 

57-25 

75-73 

24-46 

45-48 

68*77 

32*41 


With the exception of this series (V), the results obtained with 
trisodium and tripotassium arsenites and arsenates were similar 
to those obtained with the trioxide and pentoxide respectively. 

Further Examination of the Precipitates .—The precipitates 
obtained in the foregoing experiments were repeatedly digested 
with colourless ammonium sulphide until on acidifying the extract 
no precipitate of arsenic sulphide was obtained. 

With the exception of those obtained in the experiments in 
alkaline solution, the precipitates contained 6, 12, 25, or 32% of 
sulphur. A few contained 40% or more, and some were of inter¬ 
mediate composition. 

Products of similar composition gave similar results when digested 
with colourless ammonium sulphide. The following are typical 
examples. In the fifth experiment there was, after digestion, a 
very small, dark brown residue containing arsenic and sulphur. 




Table VI. 





Exptl. con¬ 

Comp, before 

Comp, after 

Time of 

Original 

dition as in 

digestion. 

digestion. 

digestion 

As cmpd. 

series. 

% As. 

%s- 

% As. 

%s. 

(days). 

AsgO s 

I (®) 

85-63 

14*51 

77-38 

12*69 

5 

AsgOg 

1 (d) 

83*81 

16-31 

77*33 

12-71 

5 

AsgOg 

n 

80-31 

19-86 

77-35 

12*68 

7 , 

AsgOg 

II 

74-23 

25-93 

77*31 

12-75 

7 

AsgOg 

in 

56-22 

43*98 

• .— 

— ■' 

10 

As a O s 

IV 

95-84 

4*30 

96*11 

3-92 

7 

As a O s 

V 

90-19 

9*98 

94*87 

5*22 

7 

Na 8 AsO* 

V 

68*81 

31*41 

71*17 

25*89 

3 





77*41 

12*81 

10 



124 PRODUCTION OF ARSENIC SXTBSULPHXDE. 

The average sulphur content of the residues after extraction 
was 12-69% in the case of the precipitates containing initially 
12*5 to 32*5% of sulphur. As As 3 S requires S, 12*45%, the final 
product would appear to be this subsulphide, the slightly high 
value for sulphur being due to retention of a little arsenious sulphide, 
the removal of the last traces of which is very difficult. For those 
precipitates containing less than 12% of sulphur, the results were 
not so consistent; e.g., for the final product from arsenic trioxide 
treated by the neutralisation method the mean sulphur content 
after extraction was 4-8%, whilst the precipitates from alkaline 
solutions gave final products containing 2*5 to 5*35% of sulphur. 

Discussion and Conclusions . 

One of the products of reduction of the arsenic compounds used 
is a sulphide of arsenic which contains about 12-7% of sulphur 
and is insoluble in colourless ammonium sulphide. It agrees in 
composition with the subsulphide of arsenic As 3 S and appears to 
be identical with the substance obtained by Scott (J., 1900, 77, 
651) by treating an aqueous solution of an alkali arsenate with 
phosphorus trichloride and saturating the mixture with sulphur 
dioxide. Products containing from 2*5 to 5*35% of sulphur have 
also been isolated. 

In moderately acid solutions tervalent arsenic compounds yield 
precipitates of arsenic subsulphide, AsgS, containing comparatively 
small quantities of arsenic trisulphide, whilst quinquevalent arsenic 
compounds yield precipitates which approximate in composition 
to the formula AggSgjAsgS (25*42% S). The total arsenic pre¬ 
cipitated from the latter compounds is approximately half that 
from the former. 

Similar results are obtained by the neutralisation method, except 
that the precipitates from arsenic trioxide contain 6—7%, and 
those from alkali arsenates 30—32%, of sulphur (2As 2 S 3 ,As 3 S 
requires S, 29*89%). 

Increase in acid concentration increases the amount of arsenic 
precipitated as trisulphide, and in strongly acid solutions the 
precipitate is mainly the trisulphide. 

In alkaline solution, precipitation occurs not at room tem¬ 
perature but at the boiling point of the mixed solutions. In the 
case of arsenic trioxide the products contain 4—11% of sulphur. 
Arsenic pentoxide gives a comparatively small precipitate. A 
■small amount of arsenic is volatilised at the boiling point of the 
mixture, mainly as trioxide associated with the hydride. The 
total arsenic precipitated increases, but not proportionally, with 
the concentration of the hyposulphite. 
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It would appear from the results that the subsulphide is formed 
by reaction between the tervalent arsenic compound and the 
hyposulphite, whilst the trisulphide is produced by the inter¬ 
action of the arsenic compounds with thiosulphate and other thio- 
decomposition products of the hyposulphite. A yellow precipitate 
of arsenic sulphide is obtained when a solution of sodium thio¬ 
sulphate containing alkali arsenite is acidified with hydrochloric 
acid and warmed. Hence increased concentration of hydrochloric 
acid increases the rate of decomposition of the hyposulphite, and 
the quantity of subsulphide produced is diminished and that of 
the trisulphide increased. 

In the case of quinquevalent arsenic compounds, reduction to 
the tervalent compound first takes place with the production of 
thio-decomposition products; the arsenic is subsequently pre¬ 
cipitated, partly as subsulphide by the hyposulphite and partly 
as trisulphide by the thiosulphate, etc. 

At 0° (Series 16), the sulphur content is diminished owing to the 
diminution in the rate of decomposition of the hyposulphite. 

In no case was the arsenic completely precipitated from solution, 
but in neutral solution, with 10 g. of hyposulphite for 1 g. of arsenic 
trioxide, 99*24% (Series V) was precipitated. The maximum 
precipitation of arsenic from quinquevalent compounds was 57*25%, 
obtained in the same series under similar conditions. 

University College, Nottingham. [Received, August Ylth,, 1925.] 


XXII .—Hydrogen Electrode Studies of the Precipitation 
of Basic Chromates , Borates and Carbonates . 

By Hubert Thomas Stanley Britton. 

The work described in earlier papers (J., 1925,127, 2110, 2120, 
2142, 2148; showed that a characteristic property of a metallic 
hydroxide is the hydrion concentration at which it separates from 
solution. The following electrometric titrations have therefore been 
carried out to see if the hydrogen-ion concentrations at which various 
basic precipitates are formed could in any way be correlated with 
the hydrion concentrations at which the respective hydroxides are 
precipitated. 

I. Basic Chromates. 

These titrations were made at 18° by the method used in the 
hydroxide investigations (bo. cit.) and chromic acid titration 
(Britton, J., 1924, 125, 1572). In Table 1 are the particulars 
of the solutions and the pg*s at which precipitation took place. 
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Table I. 


Pption of basic 
chromate began. 
Solution (100 c.c.). E.MJP . p&. 

Pption of 
hydroxide began. 
E.M.F. Ph* 

Pption. 

0*01Af-ThCl 4 

0*00667JW-Al 2 (S0 4 ) s 
0*01Af-Cr 2 (S0 4 ) 3 ,K 2 S0 4 

0-482 

3*45 

0-484 

3*51 

Complete 

0-524 

4-18 

0-521 

4*14 

99 

0-583 

5-20 

0-591 

5-34 

99 

0*02Af-BeS0 4 

0-613 

5* 72 

0-610 

5*69 

99 

0*025Af -ZnS0 4 

0-600 

5-49 

0*583 

5*20 

Partial 

O*01322!f-Nd(NO 5 ) 8 

0-657 

6-48 

0-686 

7*00 

0*0333Af-SaCL 

0-661 

6*55 

0*676 

6*83 

99 

0-01331kr-YCI 3 

0-672 

6*74 

0-674 

6*78 

99 

O*0247Af-CoCl 2 

0-688 

7-01 

0-676 

6*81 

. 99 

Opalescence 

0*0200Af-NiCl 2 

0-674 

6*78 

0-666 

6*66 


M /10-Potassium chromate was used in each titration except that 
of thorium chloride, in which case the concentration was Mj 20. 
The data relating to the different hydroxides were taken from the 
previous papers. The titration curves are given in Fig. 1, the 
arrows indicating the points at which precipitates first appeared. 

Mechanism of the Precipitation of Basic Chromates .—Table I 
shows that in the majority of the titrations a precipitate did not 
form until the hydrogen-ion concentration of the solution had 
become that at which the hydroxide separates. In one or two cases 
the precipitate first formed was the hydroxide uncontaminated with 
any chromate. This was particularly the case with aluminium, 
the initial precipitate being aluminium hydroxide containing some 
unattacked sulphate. The chief factor controlling the concentration 
of hydrogen ions is the reaction whereby the acid, produced from 
the metallic salt by hydrolysis, and the potassium chromate generate 
hydrochromate ions. The dissociation of these ions is exceedingly 
small and is rendered still smaller by the increasing concentration 
of chromate ions from the added potassium chromate. The 
range of hydrogen-ion concentrations which can be produced 
in equilibria involving chromate and hydrochromate ions is 10" 5 
to 10" 8 , as may be seen from the second section of the chromic acid 
titration curve (Britton, be. cit.). For a considerable range of 
equilibria the hydrogen-ion concentration remains approximately 
10 -6 . The reason why potassium chromate precipitates basic 
chromates from salt solutions lies in the inability of the hydro¬ 
chromate ions to react with the metallic bases and thus maintain 
them in solution, except in the few instances in which insoluble 
normal chromates are formed. For example, consider the reactions 
between freshly precipitated aluminium hydroxide and the hydro¬ 
chromate ions present in potassium dichromate solutions of different 
concentrations. It can be shown that the of M /10- and M /100- 
KHCrQ 4 is 3*68 and 4*18 respectively, by assuming the salts to be 
completely dissociated into K* and HCr0 4 ', and the latter ions to 
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be dissociated further into an equal number of hydrogen ions and 
chromate ions. As aluminium hydroxide is precipitated at p K 4-14, 
it follows that at the moment of formation of the precipitate the 
hydroxyl-ion concentration of the solution is A^/10" 4 ' 14 = 10" 10 . 
In order that the aluminium hydroxide may react with the hydro¬ 
chromate ions and consequently dissolve, the hydrochromate ions 


Fig. 1. 



must be capable of providing sufficient hydrogen ions to form water 
with the hydroxyl ions in the solution, e.e., the product [H*][OH'j 
must be greater than K w . If M /100-potassium hydrochromate 
solution be added to freshly precipitated aluminium hydroxide, it 
'will set up a hydrion concentration of lCT 4 ’ 18 , which, being less than 
the precipitation hydrion concentration, will be incapable of causing 
solution, or, in other words, [H'JCOH'j will become equal to 10 -1418 , 
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a value just less than iT w , 10" 14 ' 14 . With M /10-KHCrO 4 , pu = 3*68, 
the hydrogen-ion concentration will be less than that necessary for 
the precipitation of aluminium hydroxide and consequently there 
will be a tendency for the aluminium hydroxide to dissolve, the 
product being 10 ' 13 ' 68 , which just exceeds the ionic product of water 
at 18°. If thorium hydroxide, however, be used, no reaction can 
take place, for its precipitation ps. being 3*5, the product of the 
hydroxyl-ion concentration and the hydrion concentration arising 
from either M /10- or M /100-solution of the potassium acid chromate 
will be less than K w . 

The hydroxides higher in the p s scale (be. cit ., p. 2157) become 
increasingly reactive with the hydrochromate ions, though very 
little reaction takes place with those hydroxides which are pre¬ 
cipitated from acid solutions. This is due to the fact that as soon 
as some hydrochromate ions have been converted into chromate 
ions, the hydrogen-ion concentration becomes considerably reduced 
and so prevents further reaction. As the hydrion concentration 
thereby produced is about 10" 6 , its effect will be most marked with 
those hydroxides whose precipitation p^s are above 7. The reaction 
between those hydroxides, which are precipitated at p K 7 and above, 
and the hydrochromate radical becomes more pronounced and 
consequently potassium chromate causes either partial or no pre¬ 
cipitation. Thus it is clear why potassium chromate fails to 
precipitate magnesium salt solutions. Magnesium hydroxide is 
precipitated at p a 10*5 and is therefore able to react with the ions 
produced in the second stage of the ionisation of chromic acid to 
an extent sufficient to prevent the attainment of the p^ of precipit¬ 
ation. Manganous hydroxide, too, is sufficiently strong (pn 8*4) 
to enter appreciably into combination with the hydrochromate 
radical. No precipitate is formed when potassium chromate is 
added to a manganous salt solution, but after some time the solution 
deepens in colour and eventually a brownish-black precipitate 
appears. This, however, is due to oxidation of the relatively large 
amount of manganous hydroxide present in the alkaline solution 
by the chromate and to some extent by the air (Groger, Z. anorg . 
Ohem 1905, 44, 453). 

The latter precipitation reactions may also be considered from 
the point of view of the alkalinity of the potassium chromate 
solutions. By assuming complete ionisation of the various salts 
involved in the hydrolysis of potassium chromate solutions, it can 
be shown that at 18°, pET] = VK 2 K tc /C KiCv0i> E 2 of chromic acid 
being 4*4 x HT 7 . Therefore p^ of M /10-potassium chromate is. 

id of tb I/lOO-solu&n, 9*25. Hence the addition of 
potassium chromate in either of these concentrations to mag- 
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nesium salt solutions cannot cause precipitation, as the reactants 
are incapable of attaining an alkalinity corresponding to the of 
precipitation of magnesium hydroxide. On the other hand, it 
appears at first sight that if a dilute manganous salt solution con- 
tained (say) M /100-potassium chromate, the hydrogen-ion con¬ 
centration which the latter would impart, viz., 10" 9 ' 25 , would be less 
than that at which manganous hydroxide is precipitated (p K 84). 
The reaction between manganous chloride (say) and potassium 
chromate involves a ready reaction between manganous hydroxide 
and the hydrions from the first stage of ionisation of chromic acid 
to form some Mn(HCr0 4 ) 2 and also the more difficult reaction with 
the hydrions from the second stage. The result is that instead 
of the reaction being one of simple double decomposition, thus 
E^Cr0 4 + MnCl 2 = MnCr0 4 + 2KC1, the formation of a precipitate 
depends on how far the following equilibrium reaction is disturbed, 
Mn(HCr0 4 ) 2 + Mn(OH) 2 =^= 2MnCrD 4 + 2H 2 0, which is governed, 
the oxidation effects which are peculiar to manganous and cobaltous 
hydroxides being excluded, by the two reactions (a) HCr0 4 + 
OIF Cr0 4 " + H 2 0, and (b) Mn~ + 20IF ^ Mn(OH) 2 . 
Equilibrium (a) is dependent on K 2 and K w , and equilibrium (b) on 
[Mn“][OH'l 2 or, more directly, the p R of precipitation. Thus it 
follows that when M /10-potassium chromate is added to a man¬ 
ganous salt solution of the concentration used in these titrations, 
the of the solution barely attains the precipitation pn of man¬ 
ganous hydroxide and no precipitate is at first produced. More 
concentrated solutions of potassium chromate, however, effect 
partial but almost immediate precipitation of basic manganous 
chromate. 

The behaviour of potassium chromate towards niekel and cobalt 
salt solutions is of interest. As shown in Table I, nickel hydroxide 
is precipitated at p R 6*66 and cobalt hydroxide at p s 6*81. Yet 
when M /10-potassium chromate is added to solutions of cobalt 
and nickel salts partial precipitation occurs in the former case and 
merely an opalescence is produced in the latter. The nickel and 
cobalt curves show that potassium chromate produces hydrion 
concentrations less than those at which the respective hydroxides 
are precipitated by alkali. The partial precipitation of cobalt is 
probably due to the tendency of cobalt hydroxide to oxidise. 
Gentle warming of the nickel solution is sufficient to cause 
precipitation. 

The curves showing the course of precipitation of the basic 
chromates of neodymium and samarium have been included, for 
unlike the other metals except thorium, they form well-defined, 
difficultly soluble salts and thus the precipitation of one or the other 

F 
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is determined by (a) the hydrogen-ion concentration and (b) the 
solubility of the normal chromate. 

These hydrogen-ion relationships of the various hydroxides 
explain why solutions of potassium dichromate, in spite of their 
Phs being greater than the precipitation p H ’s of certain hydroxides, 
fail to cause the precipitation of basic chromates, except from zir¬ 
conium salt solutions; and even in this case it is far from complete. 
Unless concentrated solutions be used, in which case the normal 
thorium chromate may be precipitated, the addition of potassium 
dichromate to thorium salt solutions fails to give a precipitate, 
although the p K of the dichromate solution itself is greater (3*68— 
4*18 for solutions ranging from 0*1 M to 0*01 M) than the hydroxide 
precipitation p K , 3*5. Potassium dichromate behaves, towards a 
weak base like thorium hydroxide, as a salt of a strong monobasic 
acid containing no reactive hydrogen atom, and on addition to a 
thorium salt solution merely sets up an equilibrium, ThCl 4 + 
4KHCr0 4 Th(HCr0 4 ) 4 +■ 4KC1, in which the thorium salt is 
largely hydrolysed, and thereby maintains a hydrion concentration 
in the solution which is much greater than that required for the 
precipitation of the hydroxide. An excess of potassium dichromate 
will have a buffering effect on the hydrolysed chromic acid, but, as 
the first section of the chromic acid titration curve shows, the 
excess would have to be considerable before the hydrogen-ion 
concentration could be reduced to p K 3*5. 

Detailed Study of the Precipitation Reactions .— Thorium, It was 
mentioned (J., 1923, 123, 1434) that when M /100-thorium nitrate 
solution was treated with M /20-potassium chromate solution in 
stoicheiometrical amounts, precipitation was partial and the pre¬ 
cipitate contained thoria and chromic anhydride in the molecular 
ratio 1: 1*38. On substituting the chloride for the nitrate, no 
variation was found in the composition of the precipitate. Fig. 1 
shows that 22*7 e.c. of M /20-potassium chromate caused the attain¬ 
ment of the hydroxide precipitation p m at which point basic thorium 
chromate began to be precipitated. The next 30 e.c. caused little 
change in but soon afterwards a rapid diminution in hydrogen- 
ion concentration occurred which marked the end of precipitation. 
On comparing the inflexion thereby produced with that in the 
neutralisation curve of chromic acid, it will be observed that it 
indicates the first half of the neutralisation of all the free chromic 
acid present in the solution, KHCr0 4 being formed. The reaction 
may be regarded as two simultaneous reactions : first, the gradual 
hydrolysis of the thorium salt thus, ThCl 4 + 4H a O —> Th(0H) 4 + 
4HC1, and, secondly, 4HC1 + 4K 2 Cr0 4 4KC1 + 4KHCr0 4 . 

As stated above, it would be expected that thorium hydroxide 
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would show a negligible tendency to react with the small concen¬ 
trations of hydrions which arise from the dissociation of hydro¬ 
chromate ions. Yet the thorium hydroxide which was precipitated 
contained appreciable amounts of chromic anhydride. Two reasons 
may be offered: (a) co-precipitation of thorium chromate, and 
(6) adsorption of chromic anhydride, through chemical forces at 
play between the weak base, thorium hydroxide, and the weak acid, 
HCr0 4 '. The precipitates, apart from being yellow, resembled 
thorium hydroxide and appeared to contain no crystalline thorium 
chromate. Thorium chromate is much more soluble than the 
hydroxide, and seeing that the thorium- and chromate-ion con¬ 
centrations were insufficient to produce a precipitate of the normal 
chromate before the hydroxide precipitation p u was attained, it 
appears improbable that the basic chromate contained any normal 
chromate. The large chromic anhydride content of the basic 
precipitate was probably caused by a process akin to adsorption in 
which the chemical tendencies of the weak agid and the weak base 
played an important part. 

An approximate estimate of the composition of the precipitate 
may be obtained from the titration curve. Precipitation was com¬ 
plete when 53 c.c. of M /20-potassium chromate had been added, 
he., an amount corresponding to the mid-point of the inflexion. If 
thorium hydroxide alone had been precipitated, then, as shown by 
the previous equations, 4 mols. of potassium chromate to 1 mol. of 
thorium chloride would have been required, or 80 c.c. in the titration; 
as compared with 2 mols., or 40 c.c. of M /20-potassium chromate, 
if the normal chromate had been formed. But actually 53 c.c. were 
required, and therefore by alligation the basic chromate precipitate 
must have contained 27Th(Cr0 4 ) 2 ,13Th(0H) 4 , or Th0 2 ,l*35Cr0 3 * 
The precipitate contained 54*55% of Th0 2 and 28*47 % of Cr0 3 , 
and therefore agreed with the formula Th0 2 ,l’38Cr0 3 ,4*570^0, 
which is similar to that suggested by the curve. 

Aluminium . Precipitation began when 5 c.c. of M /10-potassium 
chromate had been added, the attained being that required for 
the precipitation of aluminium hydroxide. At first, the precipitate 
was white basic aluminium sulphate, but gradually became yellow 
and contained some chromate (compare Groger, Ber., 1902, 35, 
3420). The curve shows that very little change in p s ensued until 
20 c.c. of potassium chromate had been added. The main inflexion 
occurred and precipitation became complete when between 32 and 
35 c.c. were added. The precipitate was gelatinous and contained 
chromate, much of which could be removed by washing. 

The experiments of Groger on the solubility of aluminium hydrox¬ 
ide in chromic acid solutions throw some light on the reactivity 

f2 
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of the acid. He found that the number of molecules of chromic 
anhydride required to hold 1 mol. of alumina in solution varied 
from 4*46 to 5*02, and therefore concluded that both aluminium 
chromate and dichromate were capable of existence in solution. 
The explanation lies in the mode of dissociation of chromic acid. 
The first stage of the ionisation permits of the ready solution of 
aluminium hydroxide, thus Al(OH) 3 + SHgCrOa Al(HCr0 4 ) 3 + 
3H 2 0, which requires 6 mols. of Cr0 3 to 1 mol. of A1 2 0 3 , but the 
amount of hydrions produced in the second stage of the dissociation 
will depend on the concentration of chromic acid used. If it be 
large, the great concentration of hydrochromate ions will tend to 
suppress the second stage of dissociation and consequently there 
will be proportionally fewer hydrions available for reaction than in 
a more dilute solution. Hence it is clear why Groger required 
variable amounts of chromic acid which corresponded to somewhat 
less than 6 mols. 

Chromium. Maus lFogg . Annalen, 1827, 9, 127) and later Storer 
and Eliot ( Proc . Amer. Acad. Arts Sci ., 1862, 5, 192) found that 
brown precipitates of basic chromium chromate were produced by 
the action of potassium chromate on solutions of chromium salts, 
from which the chromic acid could be removed by repeated washing. 
The latter investigators stated that the abstraction did not stop 
when the precipitate had attained any particular composition and, 
from an equation based on the molecular proportion of potassium 
chromate which they found necessary for precipitation, concluded 
that Cr0 2 , i.e., Cr 2 0 3 ,Cr0 3 , must have first been formed. 

The titration curve shows that the factor which determined pre¬ 
cipitation was the hydrogen-ion concentration, for when 26 c.c. of 
M /10-potassium chromate had been added and the p s had become 
5*2, as compared with 5*34 found for the hydroxide, the basic 
chromate began to separate. The amount of potassium chromate 
required was 2*6 mols. to 1 mol. of chromic sulphate, and thus 
happens to be about half the quantity (5 mols.) found by Storer 
and Eliot. As the point of precipitation is determined by the 
hydrion concentration, the amount of potassium chromate required 
appears to be a function of the concentration of the reactants. 
The change prior to precipitation was indicated by a line which 
was nearly straight, comparable with the section, corresponding 
to the addition of the first equivalent (to 1 Cr) of sodium hydroxide? 
in the alkali titration curve ( loc. cit). The fact that 2 mols. of 
sodium hydroxide had to be added to 1 mol. of chromium sulphate 
before precipitation began was due to the peculiar property of 
tervalent chromium of forming “ soluble basic salts/’ such that in 
a solution of the sulphate one molecule of sulphuric acid is in a state 
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of loose combination which may perhaps be expressed by the equi¬ 
librium Cr 2 (S0 4 ) 3 + 2H s O (0H) 2 Cr 2 (S0 4 ) 2 _H 2 S0 4 , the loose¬ 

ness of the combination being indicated by the dotted line. This 
molecule of sulphuric acid, on its gradual release, reacted with 
two molecules of potassium chromate, thus : H 2 S0 4 + 2K2Cr0 4 = 
2KHCr0 4 + K 2 S0 4 , and the remaining 0*6 mol. of potassium 
chromate set up an equilibrium with the hydrochromate ions so 
formed to produce the requisite hydrion concentration for pre¬ 
cipitation. 

The precipitates formed by treating chromium sulphate solution 
(alum) with varying proportions of potassium chromate, correspond¬ 
ing to 30,60 and 90 c.c. in the titration, were analysed. After being 
freed from mother-liquor by suction and a little washing by decanta¬ 
tion, the first precipitate was green and had the composition 
Cr2O3,0*079GrO 3 ,#H 2 0, and was thus almost pure chromium 
hydroxide; the second was brown and contained more chromate, 
Cr 2 O 3 ,0*574CrO 3 ,a;H 2 O; and the third, still more, its composition 
being Cr 2 0 3 ,0*871Cr0 3 ,irH 2 0. 

Beryllium is another of the elements that form soluble basic 
salts and this property appears to be reflected in the titration curve, 
the 2 > h at which precipitation began not being attained until 24 c.c. 
of M /10-potassium chromate had been added, i.e., 1*2 mols. for 
1 mol. of beryllium sulphate. 

The alkali curve (loc. cit.) shows a characteristic inflexion during 
the reaction with the first equivalent of sodium hydroxide; pre¬ 
cipitation occurred at p K 5*69 (given at the top of an inflexion), 
when 1*04 equivalents had been added. A similar inflexion occurred 
in the chromate titration curve and precipitation began at p K 5*72, 
indicated by a point in a similar position. The equivalent amount 
of potassium chromate which produced this change was 2*4 times 
that of the alkali and consequently the change in hydrion con¬ 
centration was due to reaction between a loosely bound equivalent 
of acid in the beryllium sulphate molecule and potassium chromate, 
hydrochromate ions being formed which eventually entered into 
equilibrium with the added chromate ions. 

Bleyer and Moorman ( Z . anorg . Chem. 9 1912, 76, 70; see also 
Orlov, ibid., 1913, 79, 365) found that the interaction of potassium 
chromate and beryllium sulphate in solution produced very highly 
basic chromate precipitates, the chromate content of which seemed 
to increase slightly with the amount of potassium chromate added. 
Thus with 2 mols. of potassium chromate to one of beryllium 
sulphate the precipitate contained BeO,0*036CrO 3 , and with 
4 mols! of potassium chromate, Be0,0*070r0 3 , some unattacked 
sulphate being present in ekch precipitate. Bleyer and Moorman, 
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having found that chromic acid solutions saturated -with beryllium 
hydroxide contained the two in equimolecular proportions, stated 
that beryllium chromate existed in solution. Solutions of strong 
acids saturated with beryllia are invariably basic, and, as shown 
by the titration curve of beryllium sulphate and sodium hydroxide 
(loc. cit .), the solution had to be rendered basic to an extent shown 
by the formula Be(SO 4 ) 0 . 5 (OH) before precipitation commenced. 
Similarly, the proportions in Bleyer and Moorman’s solutions show 
that they were basic to the same extent, mz., Be(HCr0 4 )(0H), 
chromic acid being too weak in its second stage of dissociation to 
react with beryllium hydroxide to any appreciable extent. 

Zinc. Table I shows that the p K of precipitation of basic zinc 
chromate was 5*49 and therefore a little higher than that of the 
hydroxide, 5-20. The rapidity with which the changed during 
the addition of the first c.c. of potassium chromate rendered it 
difficult to ascertain with any degree of precision the exact point 
at which the precipitate appeared. The precipitate was basic and con¬ 
sequently the hydrion concentration of the solution was controlled 
mainly by the equilibrium between the liberated hydrochromate 
ions and chromate ions. Groger’s analyses ( Monatsh ., 1904, 25, 
520) showed that the precipitates obtained by treating zinc sulphate 
solutions with potassium chromate were indefinite and contained 
some sulphate, but the precipitates obtained from zinc chloride 
solutions were free from chloride, evidently due to the greater 
ease with which chlorides are hydrolysed. Varying amounts 
of potassium chromate were retained but were removable by 
washing. 

An insoluble normal zinc chromate has been stated to exist by 
Schultze (Z. anorg . Ghem 1895, 10, 148) and Briggs {ibid., 1908, 
56, 254), but the latter’s data are unconvincing. It was thought 
that, if a difficultly soluble chromate did exist, its solubility might 
be too large for it to be precipitated by double decomposition 
through the attainment of the at which the basic chromate 
separated, but that it might be precipitated from a chromic acid 
solution of zinc oxide by the gradual addition of potassium chromate 
so that the should be kept below that necessary for the pre¬ 
cipitation of the basic chromate (compare Britton, J., 1924, 125, 
1875). Indefinite basic chromates were always obtained; e.g., 
one air-dried precipitate, ZnO,0*605CrO 3 , contained 55*03% ZnO 
and 40*90% Cr0 3 , and another contained 58*10% ZnO and 
33*00% Cr0 3 , corresponding to ZnO,0462CrO 3 . 

Some criticism appears to be necessary of Groger’s conclusions 
(Z. ismrg. Chem., 1911, 70,135} from his study of the 25°-isotherm 
of the system ZnO-Cr0 3 -H^O, in which he claims to have established 
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the identity of several definite basic chromates of zinc. The 
<s rests ” were considered, without experimental proof, to be 
the actual solid phases alone. If the molar concentrations of 
Groger’s liquid phases of ZnO be plotted against those of Cr0 3 , 
it will be found that all the points lie on a continuous curve, whereas 
had definite basic salts been formed the curve should display a 
number of “ breaks/’ indicating the univariant points. 

Although Groger’s conclusions can scarcely be regarded as valid, 
the analyses of his liquid phases are important in that they give 
the solubility of zinc oxide in chromic acid solutions varying in 
concentration from 0006.M to 9*7Hf, and therefore should give 
some idea of the reactivity of chromic acid towards zinc oxide. 
The number of molecules of chromic acid, HgCrC^, required to dis¬ 
solve one molecule of zinc oxide varied continuously with increasing 
concentration of acid from 1*20 to 2*03, which led Groger to conclude 
that the more dilute solutions contained both zinc chromate, 
ZnCr0 4 , and zinc dichromate, ZnCr 2 0 7 , whilst the highly con¬ 
centrated solutions contained only zinc dichromate. The fact that 
approximately two molecules of chromic acid were required for 
the most concentrated acid solutions was due to the reaction having 
taken place between zinc oxide and the hydrions of the first dis¬ 
sociation, thus : ZnO + 2H2Cr0 4 —> Zn(HCr0 4 ) 2 + H 2 Q, the 
large concentration of hydrochromate ions having inhibited further 
ionisation and consequent reaction, whereas in the dilute solutions 
some of the hydrions from the second stage of ionisation became 
available for reaction, with the result that less than 2 mols. of 
chromic acid were required. 

Cobalt and Nickel. The reactions of these two metals have 
already been discussed (vide supra). 

Reference may be made to Weil’s proposal (BuU. Soc. chim 
1911, 9 , 20) to use potassium chromate for the separation of cobalt 
from nickel. Although potassium chromate does not precipitate 
basic nickel chromate at room temperature, the titration curve 
shows that the hydrion concentration produced by addition of 
potassium chromate to a nickel salt solution is such that the basic 
salt is on the point of being precipitated. A method depending on 
such a small difference in solubility can give but a rough separation, 
for there will be a great tendency for the gelatinous basic cobalt 
chromate to carry down much nickel. 

Bare Earths .— YUrium . Basic yttrium chromate began to be 
precipitated at the same p# as its hydroxide, but precipitation was 
far from complete and the precipitate was highly basic. The air- 
dried precipitate formed by the interaction of stoicheiometrical 
amounts of yttrium chloride and potassium chromate (40 c.c. of 
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M /lO-KgCrC^ in the titration) solutions contained 38-61% Y 2 0 3 
and 22*29% Cr0 3 , corresponding to the formula Y 2 O 3? l*30CrO 3 . 
The filtrate from this precipitate was treated with more potassium 
chromate, and the new precipitate was still more basic and contained 
Y 2 O 3 ,0*93CrO 3 . 

Neodymium and Samarium. These two elements form well- 
defined but comparatively insoluble chromates (Britton, J., 1924, 
125 , 1875); the power of these earths to unite with chromic acid 
in its two stages being, no doubt, due to the small solubility of the 
salts formed, rather than to the strength of the bases. The solu¬ 
bilities of praseodymium chromate and lanthanum chromate are 
so small that when potassium chromate is added to the respective 
salt solutions the conditions requisite for the precipitation of the 
normal chromates are obtained before the hydroxide p K is reached. 
This is not so with neodymium and samarium chromates, for they 
are sufficiently soluble to allow the at which the hydroxide is 
precipitated to be attained before the respective solubility products 
of the chromates are exceeded, and consequently basic chromate 
precipitates are produced. When neodymium nitrate solution 
was treated with potassium chromate, a flocculent precipitate was 
obtained which on microscopic examination was seen to cont ain 
crystalline needles similar to those of the normal chromate. The 
following analyses refer to precipitates so obtained: (1) Nc^Og, 
44*13; Cr0 3 , 34*59%, corresponding to Nd 2 O 3 ,2*64CrO 3) 9-02H 2 O, 
and (2) Nc^Og, 47*95; Cr0 3 , 31*81%, corresponding to 

N‘d s 0 3 ,2*23Cr0 3 ,7*88H 2 0. The fact that precipitation began at 
Pr 6*48 instead of at 7*0, coupled with the nature of the precipitates 
and the relatively high Cr0 3 content, indicates that the formation 
of these precipitates constitutes a comparatively rare example of 
the co-precipitation of the crystalline normal salt and an indefinite 
basic salt. 

Samarium chromate has a greater solubility than neodymium 
chromate and does not appear to be precipitated with the basic 
chromate. As the titration curve shows, the basic chromate was 
precipitated at^? H 6*55, which was somewhat lower than the hydroxide 
p K . It was yellow and flocculent and when dried and examined 
under the microscope appeared to be entirely amorphous. Its 
separation was partial. The air-dried precipitate from the titration 
contained 25*1% Cr0 3 as compared with 37*84% in Sa 2 (Cr0 4 ) 3 ,8H 2 0. 


II. Basic Borates . 


Electrometric titrations were carried out at 18° with 0*05Jf-borax 
^Utionandsalt solutions, which were so chosen that the pre- 


m- 
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ion concentration as possible. Details of the solutions used and 
the P&S at which precipitates first appeared are in Table II. 

Table II. 


Solution (100 c.o. . 

Pption of basic 
borate began. 
E.M.F. 

Pption of 
hydroxide began. 
E.M.F . p H . 

O-OlM-ZrCI. 

0*517 

4*07 

0*390 

1*86 

0-012fef-ThCl 4 

0*554 

4*70 

0-484 

3*51 

0-0067J!f-Al 2 (S0 4 ) 2 

0*521 

4*14 

0*521 

4*14 

0-01J/-Cr 2 (S0 4 ) 3 ,K 2 S0 1 

0*586 

5-25 

0*591 

5*34 

0-02Af-BeS0 4 

0*613 

5*72 

0*610 

5*60 

0-02itf-ZnS0 4 

0*587 

5*27 

0*583 

5*20 

0-02M-MnClj 

0*792 

8*82 

0*770* 

8*43* 

0-02ikf-MgS0 4 

— 

— 

0*794 

0*885 

8*85 

10*49 


Pption. 

Complete 


Partial 

None 


The titration curves are given in Fig. 2, the arrows showing the 
points at which precipitation began. The top curve in the diagram 
represents the titration of 100 c.c. of 0*02 M -manganous chloride 
with 0*1018if-sodium metaborate. 


Table II shows that, except in the case of zirconium and thorium, 
addition of borax solution did not cause precipitation to begin until 
the pn at which the hydroxide is precipitated had been attained. 
The titration curves in Fig. 2, apart from that of zinc, are similar 
in shape to those representing the alkali titrations. Moreover, 
those curves which correspond to precipitation taking place in the 
acid zone show that the amounts of N /10-borax solution which 
caused the solutions to become alkaline, precipitation having 
become complete, were approximately the same as those required 
in the sodium hydroxide titrations. It appears, therefore, as far 
as the weaker bases are concerned, that sodium pyroborate has 
simply a hydrolysing action in precipitating the hydroxides, and 
in fact behaves as if no borate were present at all. The hydroxides 
which were precipitated contained some unattacked acid radical 
of the original salt, as may be seen from the amounts of Nj 10-borax 
required to render the solutions neutral, if it be assumed that the 
borate radical did not enter into combination. Thus in the zir¬ 
conium titration, 38*5 c.c. were required as compared with the 
theoretical amount, 40 c.c.; thorium, 38*0 instead of 40 c.c.; 
aluminium, 36*0 instead of 40; chromium, 55 instead of 60; and 
beryllium, 37*6 instead of 40 c.c. 

Provided that no insoluble normal borates are formed, it follows 
on theoretical grounds that boric acid, HB0 2 , with its exceptionally 
small dissociation constant, is incapable of producing hydrogen-ion 
concentrations large enough to cause dissolution of any of the 
hydroxides which are precipitated at p& less than 7. As far as the 
reactivity of boric acid is concerned, boric acid behaves as a mono- 
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basic acid. If 5 X lO -10 be taken as an average value of K = 
rH*irB0»']/[HB0 2 ], it follows that in a Mj 10-boric acid solution 
the hydrogen-ion concentration is 10 -5 ' 2 , and 1(T 56 in a M/lOO- 
solution. The hydroxides of beryllium, zinc, chromium, aluminium, 


Tig. 2. 



C.c. JV/lO-XajBjO,. 


and consequently the hydrion concentrations or 
BOlutions of boric acid are too small to have any solution effect on 
- - - -’gg Taking the case of beryllium hydroxide, which 

at the hi gh est of the series under consideration, 


is 
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in order that the reaction Be(OH) 2 + 2HB0 2 —^ Be(B0 2 ) 2 + 
H 2 0 may proceed, water must be formed and therefore the product 
of the concentration of hydroxyl ions due to beryllium hydroxide, 
viz., 10" 1414 /10~ 5 ‘ 69 = 10~ 8 ' 45 , and that of the hydrions from the 
boric acid, about 10" 5 ' 2 , must exceed K w . In this case it is 10' 13 ' 9 , 
and only just exceeds K w , and consequently beryllium hydroxide 
may perhaps be expected to exhibit the slightest tendency to 
dissolve. Any solution, however, would cause an increase in the 
concentration of B0 2 ' ions, which would depress the ionisation of 
boric acid and so prevent further solution. Boric acid does not 
dissolve either of these bases to any appreciable extent. 

The hydrogen-ion concentrations of the solutions at the end of 
these titrations were such as would be given by borate mixtures 
comprising the total quantity of boric acid added and the alkali in 
excess of that required for the precipitations, and therefore confirm 
the view that no boric acid, or relatively little, was contained in 
the precipitates. Thus in the titrations of zinc, beryllium, alu¬ 
minium, thorium and zirconium, it will be seen from Fig. 2 that 
the hydrion concentration when 60 c.c. of N /10-borax had been 
added was 10" 8 ' 3 in each case. By subtracting the 40 c.c. of N/ 10- 
sodium hydroxide which were neutralised during the precipitations, 
it is found that the solutions contained alkali equal to 20 c.c. of 
Nj 10-sodium hydroxide and boric acid equal to 120 c.c. of Nj 10- 
HB0 2 , the boric acid having been one-sixth neutralised. The p K 
of a 0*2i^-solution of boric acid neutralised to the same extent is, 
according to Sorensen, 8-29 (Prideaux, “Theory of Indicators,” 
1917, p. 279), and as the variation in p K produced by the difference 
in concentration of the two solutions is very small, it will be seen 
that the agreement is sufficiently good. 

Although the changes in hydrion concentration which took place 
in the acid zone of the titrations are almost identical with those 
which were obtained when the precipitant was sodium hydroxide, 
in the case of the weakest two bases, zixconia and thoria, the p H ’s 
of precipitation do not compare favourably with the corresponding 
hydroxide p K 9 &. Zirconium hydroxide is generally precipitated at 
a ps somewhere on the very slightly inclined part of the curve. In 
the precipitation of zirconium chloride solution with sodium hydr¬ 
oxide (J., 1925, 127 , 2124) the p K was 1-86, but in the present 
titration the solution remained perfectly clear until the inflexion 
in the curye had been passed and the pu had become 4*06; opales¬ 
cence then began. This was when 3*4 atoms of chloride of the 
zirconium tetrachloride, had been replaced by hydroxyl groups and, 
notwithstanding its highly basic nature, the solution had remained 
perfectly clear. With thorium chloride, the effect was similar; the 

b* 2 
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solution remained quite clear until 3-3 atoms of chloride had been 
replaced and the curve had begun to incline, the being 4-70 
instead of 3*51 obtained by using alkali. Hence it appears that 
the boric acid was having some restrictive influence on the size 
of the particles. It is probable that the tendency, although very 
slight, which boric acid may have to combine with thoria and 
zirconia exerts its greatest influence just at the point where the 
hydroxide or basic salt is about to pass into colloidal solution prior 
to precipitation. If this be the case, it seems reasonable that the 
boric acid, in trying to react with the nascent hydroxide, tended to 
keep it in solution by impeding the growth of the particles. Two 
experiments were made to determine whether the delayed pre¬ 
cipitation from a thorium chloride solution whose is that at 
which precipitation normally takes place is a matter of time: 
To thorium chloride solutions of the concentration used in the 
titration were added amounts of borax equal to 2 and 3 equivalents; 
in neither case did a precipitate separate during a period of several 
weeks. 

In the chromium titration, the solution became green on addition 
of the borax and precipitation occurred when 21*9 c.c. of N/ 10- 
solution had been added, or 1*09 equivalents for each atom of 
chromium. 

The .beryllium curve again is similar to the alkali curve, and 
precipitation was also delayed until 21*9 c.c. (= 1*09 equivalents 
to 1 atom of Be) had been added. 

The zinc curve shows hydrogen-ion changes which were due 
mainly to equilibria which must have been set up between borate 
ions and boric acid. The precipitation p R was the same as that 
when alkali was used. 

The incomplete precipitation which took place from M/5 0- 
manganous chloride solution will be understood when it is remem¬ 
bered that the p K of N /10-borax itself, viz., 9*11, is only slightly 
greater than the p K at which manganous hydroxide is precipitated. 
Table II gives two p K values for manganous hydroxide; the one 
marked with an asterisk is low, probably on account of oxidation 
of manganous hydroxide, and the other, which is approximately 
correct, was extrapolated from the alkali titration curve. In the 
borax titration the precipitate did not appear until 20 c.c. of ^/10- 
borax had been added and p K 8*82 attained. The precipitate was 
white and remained dispersed until 50 c.c. had been added, and, 
unlike the hydroxide, it did not immediately turn brown through 
oxidation. It readily did so when washed. (It is this protective 
action which is conferred on manganous hydroxide by union with 
some boric acid which makes the substance of use as a * e drier 95 
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in paints and varnishes.) The fact that it was precipitated at the 
hydroxide p K suggests that the white precipitate was basic, and 
not manganous borate as was stated by Hartley and Ramage 
(J., 1893, 63, 133). Their precipitates were obtained by pouring 
solutions of manganous sulphate into solutions of borax until no 
further precipitation occurred. From widely differing estimations 
of the manganese content only, they concluded that they had 
prepared a definite borate having the formula MnH 4 (BQ 3 ) 2 when 
dried at 100°, and they state that MnH 2 B 2 Q 5 and Mn(B0 2 ) 2 were 
formed by dehydrating it still more. They also state that man¬ 
ganous borate was produced by the interaction of manganous 
sulphate and sodium metaborate. The precipitate produced by 
the action of Nf 10-borax on M /50-manganous chloride solution 
was both indefinite and basic and contained Mn0,T47HB0 2 . 
In the titration of M /50-manganous chloride with 0*1018A^sodmin 
metaborate, the precipitate appeared when 1 c.c. of precipitant had 
been added and the p K had become 8*77. This precipitate was, 
like the hydroxide, quickly oxidised and was strongly basic. 

Laurent (Comp. rend. Tmv. CMm., 1850, 6, 33) observed that 
manganous salt solutions were not precipitated with potassium 
hexaborate. It will be seen from the hydrogen-ion concentrations 
of the various borate “ buffer ” mixtures that the of a boric 
acid solution, a third of which has been neutralised with alkali 
and which thus corresponds to Laurent’s reagent, is about 8*7; 
this falls just below the p K at which the hydroxide is precipitated. 
When, however, the borate solution is added to a manganous salt 
solution, some of the alkali is neutralised and the p K falls a little 
further below 8*7. 

According to Gmelin-Kraut ( :£ Handbuch anorg. Chem.,” 1908, 
iii, [2], p. 324), Berzelius found that when a magnesium salt had 
been added to a manganous salt solution, borax failed to give a 
precipitate. Neutral salts, such as sodium chloride, sodium 
sulphate, calcium chloride and potassium chloride, also produce 
this effect, but to a lesser extent; e.g., a solution from which 
precipitation had been prevented with magnesium sulphate remained 
clear on standing, whereas by using either potassium chloride or 
any of the other salts brown precipitates appeared after 12 hours. 
Precipitates obtained by means of borax may be forced back into 
solution by the addition of these salts. Since the highest p K that 
could be produced by borax solutions was far removed from the 
precipitation p K of manganous hydroxide, it appeared that the 
behaviour of these salts in preventing precipitation of basic man¬ 
ganous borate lay in their power to diminish th© Ps below that 
necessary for precipitation. For example, when 10 c.c. of a satur- 
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ated solution of magnesium sulphate were added to 100 c.c. of 
N/10-borax solution whose initial p K was 9*11, the p R fell to 8*58; 
with 40 c.c., p K was 8*10; and with 50 c.c., 8*06. The effect of 
potassium chloride was not so marked. The addition of much 
potassium chloride to a Nj 10-borax solution depressed the p& 
only from 9*11 to 8*82—a value, it will be noticed, corresponding 
to incipient precipitation. 

The dotted curve shows the changes produced in hydrogen-ion 
concentration during the addition of N /10-borax solution to a 
M /50-solution of magnesium sulphate. No precipitate was obtained, 
for the pa of the borax solution was below that, 10*49, requisite for 
the precipitation of magnesium hydroxide. Borax produces in 
the boiling solution a precipitate which redissolves on cooling. No 
precipitate was obtained with ^/10-sodium metaborate solution, 
for although its was 10*85, the pa of the mixture became a little 
lower than the necessary value. 


III. Basic Carbonates. 

The hydrogen electrode titration method has been applied in a 
study of the relationships involved in the precipitation of basic 
carbonates. By using a plentiful supply of hydrogen electrodes 
which were efficient in ordinary solutions, potential differences 
between them and the normal calomel electrode were obtained, 
in these carbonate titrations, which were readily reproducible and 
were unaffected by any liberated carbon dioxide. Table HI gives 
the particulars of the several titrations, and Fig. 3 shows the 
titration curves, the points at which precipitation began being 
again denoted by arrows. The sodium carbonate was deeinormal 
in every case except the chromium titration, where it was 0-166JV. 


Table III. 


Solution (100 c.c.). 
O-OLftf-ZrCL 
0*0Ukf-Th(NO 8 ) 4 
0*0067M-A) 2 (S0 4 ) 3 
0*0m-Cr 2 (SO 4 ) s ^SO 4 
0*02Jf-BeS0 4 
0*02Af-ZnS0 4 
0*023f.MnCl 2 
0*02M -MgS0 4 


Pption. of basic 
carbonate began. 

j pjg. 

0*511 3-95 

0*476 3*35 

0*523 4*16 

0*587 5*27 

0*612 5*70 

0*589 5*30 

0*784 8*68 

0*891 10*54 


Pption of 
hydrocsdde began. 
B.M.F. jPb> 

0*390 1*86 

0*484 3*51 

0*521 4*14 

0*591 5*34 

0*610 5*69 

0*583 5*20 

0*794 8*85 

0*885 10*49 


Pption. 

Complete 


Turbidity 


--—The titration curves are of the same type as those obtained in 
gte pi^qeding hydrolytic precipitation titrations, and in every case 
precipitation began at hydrion concentrations equal 
or very nearly equal to those necessary for the corresponding 
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hydroxides. N /10-Sodium carbonate, unlik e the reagents used in 
the previous titrations, when added to the magnesium sulphate 
solution, produced an alkalinity corresponding, but only just so, 


Fia. 3. 



to the pa which the hydroxide is precipitated, which did not 
occur until 27 c.c. had been added. The precipitate formed even 
after 100 c.c. of sodium carbonate had been added did not amount 
to more than a slight turbidity. 


Hydroqen “ion concentration 
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The stoicheiometrical quantity of sodium carbonate required for 
simple double decomposition was equivalent to 40 c.c. of ^/10- 
sodium carbonate, except in the case of chromium, where it was 
36 c.c. The curves for zirconium, thorium, alum i nium, beryllium 
and chromium show that the mother-liquors became alkaline when 
approximately theoretical quantities of sodium carbonate had been 
added. The hydrion concentrations at the end of the titrations, 
although differing somewhat owing to the escape of different amounts 
of carbon dioxide during the precipitations, were such as would be 
produced by mixtures of sodium bicarbonate and carbonate (com¬ 
pare Prideaux, “Theory of Indicators,” p. 299; Auerbach and 
Pick, Arb . K. Gesundheitsamt 1911, 38, 243). The changes in 
hydrion concentration which took place during the precipitation of 
the basic carbonates from solutions whose hydrogen-ion concentra¬ 
tions were greater than 10" 6 were scarcely at all affected by the 
carbon dioxide that was liberated. The carbon dioxide set free 
during the precipitation of basic zinc carbonate, however, had so 
marked an effect on the hydrogen-ion concentration that the 
inflexion corresponding to the formation of sodium bicarbonate 
from the liberated carbon dioxide and the added sodium carbonate 
did not occur until 54 c.c. of the latter had been added. 

The curve for manganese shows that the addition of N[ 10- 
sodium carbonate, after the first 2 c.c., produced a diminution in 
P&, which reached a minimum, 8*2, when 30 c.c. had been added. 
The precipitate appeared when 1*4 c.c. had been added and p K 8*68, 
i.e., nearly the hydroxide pn, had been attained. The precipitate 
first formed was basic, as may be seen from the curve, which shows 
that more than 40 c.c. of sodium carbonate had to be added before 
the p K of sodium bicarbonate was attained, viz., 8*7.* The pre¬ 
cipitate, although basic, did not turn brown through oxidation by 
the air. It is remarkable that the increase in hydrion concentration 
which occurred during the titration did not cause the basic carbonate 
to re-dissolve. This, however, was a case of two precipitations, 
one of the basic carbonate due to the p^s ruling at the beginning 
and at the end of the reaction, and the other of the normal carbonate, 
which was precipitated when the hydrion concentration of the 
solution was enhanced. Sodium bicarbonate when added to a 
manganous chloride solution, preferably saturated with carbon 
dioxide, causes the precipitation of manganous carbonate only, for 
it cannot produce a sufficiently low hydrion concentration to enable 

^ from Noyes’s formula {Z. physikcd* Chem., 1893, 

U» 495), by taking and of carbonic acid to be 3 x 10^ and 1-3 X 
HH 3 , respectively, that the of dilute solutions of sodium bicarbonate is 
about 8*7. 
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the basic carbonate to separate from solution; e.g., the hydrion 
concentration of a manganous chloride solution was gradually 
reduced by the addition of a solution of sodium bicarbonate until 
p u was 7*6; a white precipitate of manganous carbonate then began 
to form. Hence, in order to ensure the precipitation of the normal 
carbonate, the precipitant must be incapable of causing the p K to 
be attained at which the hydroxide is precipitated. 

Normal zinc carbonate has been prepared. The titration curve 
shows that in order to precipitate this salt uncontaminated with 
basic carbonate a reagent must be used which, besides causing the 
solubility product [Zn"][C0 3 "] to be exceeded, will maintain a 
hydrogen-ion concentration greater than that at which the basic 
carbonate would separate. Sodium bicarbonate with its p R of 
8*7 would be useless, even though the carbon dioxide which would 
be set free during the precipitation would tend to increase the 
hydrion concentration. It would be necessary to have the solution 
saturated with carbon dioxide under a very high pressure before 
any addition of sodium bicarbonate. Smith ( J. Amer. Chem. Soc., 
1918, 40, 883) has determined the solubility of zinc carbonate in 
solutions of carbon dioxide under pressures ranging from 4*12 to 
40*6 atmospheres. His results may be used to calculate the 
hydrogen-ion concentrations of the various solutions which, being 
in equilibrium with zinc carbonate, were just on the point of pre¬ 
cipitating zinc carbonate, if it be assumed, as was done by Bod- 
lander (Z. physical. Chem., 1900, 35, 23), that metallic bases exist 
in carbonic acid solutions in the form of bicarbonates. If zinc 
oxide exists as Zn(HC0 3 ) 2 , the concentration of HC0 3 ' ions is equal 
to twice the concentration of dissolved zinc oxide, and, the extremely 
small concentration of hydrions arising from carbonic acid in its 
second stage of dissociation being neglected, it follows that [H‘] 
= [H 2 C0 3 ]^ 1 /[HC0 3 '] = ([C0 2 ] - 2[ZnO]). 3 X 10" 7 /2[ZnO\ It 
was thus calculated that the p H J s of Smith’s solutions varied con¬ 
tinuously from 4*94 to 4*33. Even when the pressure of carbon 
dioxide is very high, the pu at which the normal carbonate is pre¬ 
cipitated is not very much less than that at which the hydroxide 
is precipitated. 

Mikusch (. Z. anorg . Chem., 1908, 56,365) determined the solubility 
of zinc oxide in carbon dioxide solutions in equilibrium with basic 
zinc carbonate. By means of the above formula, it was found that 
the p&& of his solutions lay between 6*05 and 6*15. These hydrion 
concentrations, though somewhat higher than that at which basic 
zinc carbonate began to separate in the present titration, viz., 
p& 5*3, happen to be those that obtained during the main course 
of the precipitation. As zinc carbonate exists in equilibrium with 
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hydrogen ions at a relatively high concentration, it follows that 
water will decompose zinc carbonate to give the less soluble basic 
carbonate. 

The hydrogen-ion concentration which had to be attained in the 
magnesium titration before sodium carbonate produced a precipitate 
shows that, contrary to the statements of several workers, the pre¬ 
cipitate was basic. The solubility product of magnesium carbonate, 
MgCO^SHgO, at 18° is 1*2 x 1(Johnson, J. Amer. Ghem . Soc. 9 
1915, 37, 2014), and consequently, if complete dissociation be 
assumed, the solubility of magnesium carbonate is 1*1 x 10" 2 mol. 
per litre. The solubility of magnesium hydroxide, obtained from 
the solubility product, 2 x 10 ~ u , is 2*7 x 10~ 4 mol. per litre. 
Hence, to precipitate the more soluble magnesium carbonate, a 
precipitant must be used which will supply the necessary carbonate 
ions without introducing the concentration of hydroxyl ions that 
causes the separation of magnesium hydroxide. As magnesium 
hydroxide is precipitated at p K 10*5, it is obvious that sodium 
bicarbonate (p K 8*7), even although added in large excess, cannot 
produce the corresponding concentration of hydrogen ions, and 
therefore cannot precipitate basic magnesium carbonate. It can, 
however, supply the carbonate ions which, provided that the 
magnesium salt solution is sufficiently concentrated, will cause 
magnesium carbonate to separate. Boussingault (Ann. Ghim . 
Phys. 3 1825, 29, 285) found that sodium sesquicarbonate, 
Na 2 C0 3 ,2NaHC0 3 , also could be used for this purpose. The data 
of Auerbach and Pick (Zoc. tit) show that the p K of such a mixture, 
decinormal with respect to carbonic acid, is approximately 9*9, 
which is just a little below the value required for the precipitation 
of the hydroxide. 

No normal carbonates of chromium, beryllium, aluminium, 
thorium, and zirconium are known, and, as would be expected, 
the precipitates they form are highly basic. The shape of the 
beryllium titration curve appears to be peculiar to that element, 
and the precipitate did not appear until 22 c.c. (= 1*1 equivs. 
Na 2 C0 3 to 1 mol. BeS0 4 ) of sodium carbonate had been added. 
In the chromium and thorium titrations, precipitation did not 
begin until 20 c.c. (1*85 equivs. to 1 Cr) and 18 c.c. (1*8 equivs.), 
respectively, of sodium carbonate had been added. As may be 
seen from Table m, the precipitation which took place from 
thorium chloride solution with sodium carbonate was due to the 
,,j|t|amment of the p* at which the hydroxide is precipitated and 
h^efore the precipitate was basic. Chauvenet (Compt. rend*, 
1^11,153, 66), having found that the analysis of such a precipitate 
corresponded to the formula ThO^CO^SHaO, stated that it was 
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normal thorium orthocarbonate, ThC0 4 ,8H 2 0, a salt of a purely 
hypothetical acid. In the case of the zirconium titration the 
curious Effect noted in the borate titration was again observed, 
opalescence not beginning until 3-4 equivalents of sodium carbonate 
had been added and the relatively high p K of 3-95 had been attained. 
In the borate titration the p s was 4*06, and 3*4 equivalents of borax 
were required. As mentioned above, this phenomenon is believed 
to be due to suppression of the growth of the basic particles owing 
to a slight solvent action of the liberated weak acid. 

Summary. 

(1) The hydrogen-ion concentrations which govern the pre¬ 
cipitation of basic salts containing weak acid radicals—chromates, 
borates, and carbonates—have been investigated. 

(2) These basic precipitates are formed at the same p K as the 
respective hydroxides; cases occurred of delayed precipitation 
from zirconium and thorium chloride solutions. 

(3) The precipitability of the different bases as basic salts depends 
on the capacity of the precipitant to produce the p K at which the 
hydroxide is precipitated. In cases where this p K is only just 
attained, the precipitation is partial. 

(4) The conditions for the precipitation of normal salts have 
been discussed wherever possible. 

(5) The mode of dissociation of chromic acid (J., 1924, 125, 
1572) has been shown to account for the action of alkali-metal 
chromates in precipitating basic salts. 

The author’s thanks are due to Professor J. C. Philip, F.R.S., 
for kindly granting facilities, to the Chemical Society for a grant 
from its Research Fund which has defrayed the cost of the rare 
materials, and to the Department of Scientific and Industrial 
Research for a personal grant. 

Imperial College of Science ato Technology, 

London. [ Received, August 26th, 1925.] 


XXIII.— Chloro-derivatives of m-Hydroxybenzaldehyde. 

By Herbert Henry Hodgson and Herbert Greensmith Beard. 

The literature of this subject describes only 6-chloro- (no m. p. 
recorded) and 4 : 6-diohloro-3-hydroxybenzaldehydes (Riedlander 
and Schenek, Ser., 1914, 47, 3044), 2:4: 6-trichloro-3-hydroxy- 
benzaldehyde (Krause, Her., 1899, 32, 123), and the conversion of 
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m-hydroxybenzaldehyde into aldehydotrichloroquino-dichloride by 
the action of chlorine in dilute acetic acid solution (Biltz and 
Kammann, Ber., 1901, 34, 4118). 

The chlorination and the bromination (J., 1925, 127, 876) of 
m-hydroxybenzaldehyde proceed in general on similar lines. A 
noteworthy difference is the production of 2-chloro-3-hydroxybenz- 
aldehyde and but little of the 6-chloro-isomeride by direct mono¬ 
chlorination, bromination under similar conditions yielding 6-bromo- 

3- hydroxybenzaldehyde. The proportion of the 6-chloro-isomeride 
increases at high temperatures. The presence of water promotes 
trichlorination and renders regulated chlorination very difficult. 

4-Chloro-3-hydroxybenzaldehyde was obtained in good yield from 
the corresponding 4-nitro-compound, but, as in the case of 6-bromo-3- 
hydroxybenzaldehyde ( loc . cit. : p. 878), only poor yields of 6-chloro-3- 
hydroxybenzaldehyde were produced by a like procedure. This 
compound, however, was obtained in excellent yield by converting 
2-chlorobenzaldehyde quantitatively into 2-chloro-5-nitrobenz- 
aldehyde, reducing the oxime of this, diazotising the resulting 
2-chloro-5-aminobenzaldoxime, and decomposing the product. 

2 : 6- and 2 : 4-Dichloro-3-hydroxybenzaldehydes were obtained 
by direct chlorination of 2- and 4-chloro-3-hydroxybenzaldehydes, 
respectively, in glacial acetic acid solution, but 6-chloro-3-hydroxy~ 
benzaldehyde yielded a mixture of dichloro-compounds from which 
only the 2 : 6-isomeride could be isolated. In the direct dichlorin¬ 
ation of m-hydroxybenzaldehyde the main product was the 2 : 6- 
dichloro-compound, Friedlander and Schenck’s 4:6-dichloro-3- 
hydroxybenzaldehyde (loc. cit.) being isolated only in small quantity. 
The formation of the 2 : 6-diehloro-eompound from both 2- and 6- 
chloro-3-hydroxybenzaldehyde proves the constitution assigned 
to it. The presence of the 4 : 6-dichloro-compound in the product 
of direct dichlorination of m-hydroxybenzaldehyde points to 
chlorination of the 6 - monoehlor o - compound partially in the 

4- position, Chlorination, however, takes place preferentially in 
position 2, and this preference is strong support for the constitution 
assigned to the 2:4-dichloro-compound obtained quantitatively 
from 4-chloro-3-hydroxybenzaldehyde. 

The chloro-3-hydroxybenzaldehydes all have very pronounced 
sternutatory properties, which are most marked in the 2 :6-, and but 
slightly less so in the 2:4: 6-compound. For the monochloro-3- 
hydroxybenzaldehydes the order is 6-, 2-, and 4-. The property is 
comparatively feeble in the last compound, and thus is indicated 
its dependence on ortho-substitution. The property vanishes on 
methylation, but the methoxy-compounds have now acquired a 
hawthorn-like odour which in turn vanishes when these are oxidised 
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to the benzoic acids. All these compounds attack the moistened 
skin, producing painful blisters. 

The colours produced by the action of alcoholic potash on the 
p-nitrophenylhydrazones are all claret and conform to Chattaway 
and Clemo’s generalisation (J., 1923, 123, 3041). 

The melting points of the ethers are considerably lower than those 
of the hydroxy-compounds, as in the case of the bromo-compounds 
(loc. cit.f pp. 878, 879), while those of their p-bromophenylhydr- 
azones exhibit noteworthy diversity. 

Experimental. 

Monochloro-Z-hydroxybenzaldehydes. 

2- Chloro-3-hydroxybenzaldehyde .—(a) Preparation by direct 
chlorination. Through a solution of m-hydroxybenzaldehyde (50 g.) 
in glacial acetic acid (160 g.) at 15°, chlorine was bubbled (rate about 
3 g. per hour) until the increase in weight was 29 g. After 12 hours, 
the colourless crystals of 2 - chloro - 3-hydroxybenzaldehyde were filtered 
off (22 g.) and recrystallised from dilute acetic acid; m. p. 139*5° 
(Found : Cl, 22-5. C 7 H 5 0 2 C1 requires Cl, 22*6%). The crystals 
become pale pink on prolonged exposure to air. On removal of 
80 c.c. by distillation from the filtrate, a further crop (11 g.) was 
obtained, m. p. 138—140° after one recrystallisation. The solvent 
was then completely evaporated, and the dark residue (28 g.), 
m. p. 80—90°, resolved into two products by partial dissolution in 
hot aqueous sodium carbonate (10 g. of residue, 2 g. of Na 2 C0 3 , 
50 c.c. of H 2 0) and extraction from the cold solution with ether. 
The compound thus removed (3—4 g.), after two crystallisations 
from dilute acetic acid, had m. p. 110° and was identified as 6-chloro- 
3-hydroxybenzaldehyde by comparison with the synthetic product 
from 6-nitro-3-hydroxybenzaldehyde (see later) and with the 
de-alkylated product from 6-chloro-3-methoxybenzaldehyde. On 
acidification of the sodium carbonate solution after ether extraction, 
2-chloro-3-hydroxybenzaldehyde was precipitated; this melted at 
139*5° after crystallisation from dilute acetic acid. 

The quantity of sodium carbonate to be used varies slightly with 
each chlorination experiment, the above being a good average and 
arrived at by trial, viz., a sequence of additions, ether extractions, 
etc., until only 6-chloro-3-hydroxybenzaldehyde is extracted, this 
being much less acidic than the 2-chloro-isomeride. 

Catalysts such as ferric chloride, quinoline, quinoline sulphate, and 
iodine have no effect on the ohlorination, which proceeds equally 
well in carbon disulphide, chloroform, or carbon tetrachloride, 
apart from difficulties arising through the volatility of the solvent. 
Chlorine in solution is less efficient than flowing chlorine. 
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The above process was repeated, a stream ol bromine being 
substituted for the stream of chlorine. 6-Bromo-3-hydroxybenz- 
aldehyde was produced as in the regulated bromination previously 
described (be. cit., p. 876), but in improved yield. 

(b) Preparation from 2-nitro-3-hydroxybenzaldehyde. The nitro¬ 
compound was reduced with sodium hyposulphite (loc. cit.), the 
mixture just acidified at 0° (Congo-paper) with hydrochloric acid, 
and sodium nitrite and hydrochloric acid were then added alternately 
with stirring until diazotisation was complete. The diazo-solution 
was decomposed with cuprous chloride in the usual way, and the 
product distilled with steam. The large distillate was concentrated 
to small bulk after addition of sodium carbonate, and acidified. 
The product extracted therefrom with ether had m. p. 139-5° after 
recrystallisation from dilute acetic acid and also when mixed with 

2- chloro-3-hydroxybenzaldehyde prepared by method (a) (Found: 
01,22*55. Calc., Cl, 22*6%). 

Evidence for its constitution. Two g. of the presumed 2-chloro- 

3- hy dr oxybenzaldehy de obtained in (a) were treated in aqueous 
20% sodium hydroxide with methyl sulphate, and the methyl ether 
was removed in steam and crystallised from dilute alcohol. It 
melted at 57°, was identical with the methyl ether of the product 
obtained in (b), and depressed the m. p. (52°) of 4-chloro-3-methoxy - 
benzaldehyde. On oxidation with alkaline permanganate (loc. cit., 
p. 880), it yielded 2-chloro-3-methoxybenzoic acid, stout, colourless 
rectangles, m. p. 160° (Found: Cl, 18*8. C 8 H 7 0 3 C1 requires 
Cl, 19*0%). 4-Chloro-3-methoxybenzoic acid forms needles, m, p. 
215—216° (Found : Cl, 18*9%). 

The acetyl derivative, m. p. 62° (Found: Cl, 18*0. C 9 H 7 0 3 C1 
requires G, 17*9%), and the benzoyl derivative, m. p. 88° (Found : 
G, 13*5. C 14 H 9 0 3 C1 requires Cl, 13*6%), both separate from alcohol 
in stout, rhombic crystals. The oxime forms colourless needles, 
m* p. 149°, from diluted alcohol (Found: G, 20*8. C 7 H 6 0 2 NG 
requires G, 20*7%). 

The p -nitrophenylhydrazorie crystallises in orange-red, micro- 
crystalline needles, m. p. 244—245°, from hot alcohol (Found: 
N, 14*7; G, 12*0. CisH^OgNgG requires N, 144; G, 12*2%). 

The semicarbazone forms pale yellow needles, m. p. 236—237° 
(Found: G, 16*5. CgHgO^NgG requires Cl, 16*6%). 

4:-Chloro-3~hydroocybenzaldehyde .—This compound was prepared 
from 4-nitro-3-hydroxybenzaldehyde by method (b) above and 
obtained in colourless needles, m. p. 121° (Found: Cl, 22*55. 
requires G, 22*6%). 

fSm oxime separates from dilute alcohol in colourless needles 
containing water of crystallisation. These decompose at 106—110°. 
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The anhydrous needles melt at 126° (Found : Cl, 20*6. C 7 H 6 0 2 NC1 
requires Cl, 20*7%). The p -nitrophenylhydrazone separates from 
dilute alcohol in violet-red needles, m. p. 226—227° (Found: 
Cl, 11*9. C 13 H 10 O 3 N 3 Cl requires Cl, 12*2%), and the semicarbazone 
crystallises in pale yellow needles, m. p. 238—239° (Found : N, 20-0. 
C 8 H 8 0 2 N 3 C1 requires N, 19*7%). 

6- Chloro-3~hydroxybenzaldehyde .—(a) Preparation from 6-nitro-Z - 
hydroxybenzaldehyde. This was carried out by process (b) above. 
The yield was very poor. The compound crystallised from dilute 
acetic acid in colourless needles, m. p. Ill 0 (Found: Cl, 22*4. 
C 7 H 5 0 2 C1 requires Cl, 22*6%). 

(b) Preparation from 2- chlorobenzaldehyde. Nitration. The chloro- 
aldehyde (16*5 g.) was added at 0—5° during 1 hour to a solution of 
sodium nitrate (11 g.) in 98% sulphuric acid (200 g.). After 30 
minutes, the mixture was poured on to ice, and the solid product 
filtered off, washed with warm dilute sodium carbonate (yield 21 g.), 
and recrystallised from dilute acetic acid; m. p. 78—79° (Erdmann, 
Annalen , 1893, 272, 153, gives m. p. 80°). (On oxidation with 
alkaline permanganate it gives 2-chloro-5-nitrobenzoic acid, m. p. 
165°.) Reduction. This proceeds normally with sodium hypo¬ 
sulphite, but the resulting 2-chloro-5-aminobenzaldehyde gave only 
a trace of 6-chloro-3-hydroxybenzaldehyde on decomposition by the 
usual diazotisation-steam distillation process. The chloronitro- 
benzaidehyde was therefore converted into its oxime, m. p. 143°, and 
a solution of this (5*5 g.) in 20 c.c. of aqueous sodium hydroxide 
(20%) and 100 c.c. of water was added gradually to a mixture of 
crystallised ferrous sulphate (50 g.), 20% sodium hydroxide (70 c.c.), 
and water (200 c.c.). After being stirred for 1 hour, the mixture 
was warmed to 30—40°, filtered, and the filtrate just acidified; 
2 -cMoro- 5 - aminobenzaldoxime was then precipitated. This crys¬ 
tallised from alcohol in colourless plates, m. p. 159—160°, which 
turned brown in the air (Found: Cl, 20*7. C 7 H 7 0N 2 C1 requires 
01, 20*8%). Diazotisation and decomposition. The aldoxime was 
redissolved by the addition of concentrated hydrochloric acid 
(20 c.c.), diazotised at 0° (sodium nitrite, 1*75 g.), and the solution 
decomposed by pouring it into boiling dilute sulphuric acid 
(20 %). The 6-chloro-3-hydroxybenzaldehyde thus formed could be 
removed (very slowly) in steam, but was best extracted with ether* 
Yield, 3 g. , # 

The oxime separates from dilute alcohol in colourless needles 
containing 1H 2 0 (Found: H a O, 10*0. C 7 H 6 0JN’Ca[,H 2 0 requires 

H 2 0, 9*5%), and from absolute alcohol in anhydrous needles, 
m, p. 146—147° (Found: Cl, 20*6. C 7 H e 0 2 NGtrequires 0, 20*7%). 
The p~nitrophenylhydrazone crystallises from dilute alcohol in red 
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needles, m. p. 250—251° (Found : Cl, 12*0. C^H^O^d requires 
Cl, 12*2%). 

The semicarbazone forms pale yellow needles, m. p. 236° (Found : 
N, 19*9. C 8 Hg0 2 N 3 Cl requires N, 19*7%). 

DicMoro-Z-hydroxybenzaldehydes . 

2 : 6-Dichloro-3-hydroxybenzaldehyde. —(a) Preparation by chlorin¬ 
ation of 2-chloro-3-hydroxybenzaldehyde . A solution of 5 g. of the 
aldehyde in glacial acetic acid (50 c.c.) was treated at room tem¬ 
perature (15°) with chlorine until the weight had increased by 2*5 g. 
(50 minutes). The white solid that separated crystallised from 
water in colourless needles, m. p. 140°. These melted at 116° when 
mixed with 2-ehloro-3-hydroxybenzaldehyde (m. p. 139*5°) (Found : 
Cl, 36*8. C 7 H 4 0 2 Cl2 requires Cl, 37*1%). On concentrating the 
solution to 20 c.c. the bulk of the product separated. It melted at 
115—118°, and at 140° after two crystallisations from water (yield 
6 g.). There were no coloured by-products such as were formed 
during monochlorination. 

(b) Preparation from m-hydroxybenzaldehyde. Through a solution 
of 20 g. of the aldehyde in glacial acetic acid (90 c.c.), chlorine was 
passed until the increase in weight was 22 g. After an interval the 
rate of absorption slackened, presumably when monochlorination 
had taken place. The product (15 g.) was collected after 12 hours 
and fractionally crystallised from water. The more sparingly 
soluble 2 :6-dichloro-3-hydroxybenzaldehyde separated in stout, 
white, rhombic crystals (yield 12 g.), m. p. 140°, identical with those 
obtained in (a) (Found: Cl, 36*9%). From the concentrated 
mother-liquor 1*5 g. of a homogeneous substance separated in 
needles, m. p. 129°. This was identified with the 4: 6-diehloro-3- 
hydroxybenzaldehyde of Friedlander and Schenck (toe. cit.) and was 
evidently formed from the 6-chloro-3-hydroxybenzaldehyde pro¬ 
duced in the initial monochlorination (see above). 

(c) Preparation from 6 - chloro - 3 -hydroxybenzaldehyde. A solution 
of 2 g. of the aldehyde in glacial acetic acid (15 g.) was chlorinated 
for 18 minutes. Crystals (0*5 g.) of 2 : 6-dichloro-3-hydroxybenz- 
aldehyde separated (m. p. 140°; mixed m. p. 140°). On evaporating 
the filtrate, a mixture of diehloro-compounds (1*5 g.), m. p. 120°, was 
obtained which has defied resolution (Found: Cl, 36*8. Calc., 
d, 37*1%). It is probably a mixture of the 2 :6- and 4:6-iso- 
merides. The p-nitrophenylhydrazone prepared from it melts at a 
lower temperature than that of either of these two compounds. 

The oxime of 2:6-dichloro-3-hydroxybenzaldehyde cryst allis es 
from dilute alcohol in clusters of felted needles, m. p. 174—175° 
(Found: Cl, 34*2, C^OgNC^ requires Cl, 34*5%) and the 
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p -nitrophenylhydrazone in deep orange-red needles, m. p. 205—206° 
(Found : Cl, 21*6. C 13 H 9 0 3 N 3 C1 2 requires Cl, 21*8%). 

2 : 4:’Dichloro-Z-hydroxybmzaldehyde .—The crystals obtained 
quantitatively by the direct chlorination of 4-chloro-3-hydroxybenz- 
aidehyde as in (c) above melted at 136—140°, and at 141° after 
crystallisation from dilute acetic acid. Mixed with 2 : 6-dichloro-3- 
hydroxybenzaldehyde (m. p. 140°), they melted at 111° (Found: 
Cl, 36*9. C 7 H 4 0 2 C1 2 requires Cl, 37*1%). 

The oxime crystallises from dilute alcohol in fine needles, m. p. 
188° (Found : Cl, 34*3. ^HgOgNC^ requires Cl, 34*5%), and the 
p -nitrofphenylhydrazone in orange-red needles, m. p. 277—278° 
(decomp.) (Found: N, 13*2; Cl, 21*6. C 13 H 9 0 3 N 3 Cl2 requires 
N, 12*9; a, 21*8%). 

2:4: §-Trichforo-Z-hydroxybenzaldehyde. 

This is obtained normally by trichlorination in glacial acetic acid 
solution. The crystals separate with acetic acid of crystallisation 
and immediately effloresce when exposed to air. They melt at 
114°, and at the same temperature after they have been crystallised 
from dilute acetic acid (Krause, loc. cit., gives m. p. 116°). 

The sodium salt crystallises in pure yellow needles, which are 
sparingly soluble in water. The oxime separates from dilute 
alcohol in needles, m. p. 174° (Krause, loc. cit., gives m. p. 170°) 
(Found : Cl, 44*1. Calc., Cl, 44*3%). 

The p -nitrophenylhydrazone was prepared by mixing alcoholic 
solutions of the components at 70° and then adding one drop of 
water to the cooled mixture. Crystallisation was spontaneous and 
the product was then almost insoluble in alcohol. It crystallises in 
yellow-orange, microcrystalline needles, m. p. 272—273° (decomp*) 
(Found: Cl, 28*9. C 13 H 8 0 3 N 3 C] 3 requires Cl, 29*5%). 

Methyl Ethers of the Chloro-Z-hydroxybenzaldehydes. 

These were prepared from the corresponding chloro-3-hydroxy- 
or nitro-3-methoxy-benzaldehydes by the methods used in the case 
of the bromo-compounds (Hodgson and Beard, be. cit., p. 878). 

The following details of the methylation are reported because their 
adoption greatly improves the yield: a solution of 6-nitro- or 4-nitro- 
3-hydroxybenzaldehyde (20 g.) in water (100 c.c.) containing sodium 
bicarbonate (25 g.) is boiled and methyl sulphate (25 c,c.) gradually 
added* with vigorous shaking. The mixture is heated under reflux 
for 15 minutes (not longer, else the yield is diminished), and the 
product filtered off on cooling (yield 18*5 g.). 

ft-Nitro-Z-meihoxybenzoic add, prepared by alkaline oxidation 
of the aldehyde, has m. p. 255° (Rieche, Ber., 1889, 22, 2347, gives 
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m. p. 132—133°). It crystallises in thick, colourless prisms (Found : 
N, 7-0. Calc., N, 7*1 %). The silver salt is a white, crystalline solid 
(Found: Ag, 35*2. Calc., Ag, 35*5%). 

Nitration of 3-Methoxybenzaldehyde. —Friedlander’s method 
(loc. dt .) of ad ding the nitric acid “ aufeinmal 5J proved impracticable 
owing to the explosive violence of the reaction. 

3-Methoxybenzaldehyde (20 g.) was added drop by drop during 
2 hours to a mixture of 88*1% nitric acid (94 c.c.) and water (6 c.c.) 
maintained below 5°. The crude product (26*5 g.) obtained on 
pouring the mixture on to ice was washed, dried, and dissolved in 
hot benzene (80 c.c.). On cooling, 2-mtro-3-methoxybenzaldehyde 
(l2 g.) separated in crystals, m. p. 98°, and more (3 g.) was obtained 
on concentrating the mother-liquor. Hecrystallised several times 
from acetic acid, it melted at 102°. The material remaining in the 
benzene solution, consisting mainly of 6-nitro- mixed with a little 
2-nitro-3-methoxybenzaldehyde, was distilled with steam and the 
6-nitro-isomeride, which is the more volatile, was thus isolated. 
No 4-nitro-3-methoxybenzaldehyde was detected in the mixture, 
for on oxidation with alkaline permanganate this yielded an acid 
of m. p. 250° (6-nitro-, 2-nitro-, and 4-nitro-3-methoxybenzoic acids 
have m. p. 255°, 251°, and 208°, respectively). 

Properties of the Chloro-3-methoxybenzaldehydes. —These all crystal¬ 
lise in colourless needles from dilute alcohol, sublime readily, and 
are very volatile in steam. 

2-Chloro~3-methoxybenzaldehyde has m. p. 56° (Found: 01, 21*0. 
CgH 7 0 2 OL requires Cl, 20*8%). 

The oxime crystallises from dilute alcohol in stout needles, m. p. 
130*5° (Found: Cl, 18*9. C 8 H 8 0^NC1 requires Cl, 19*1%), the 
-p-nitrophenylhydrazone from alcohol in old-gold needles, m. p, 226— 
227° (Found : N, 14*0; Cl, 11*9. C 14 H 12 0 3 N 3 C1 requires N, 13*7; 
Cl, 11*6%), and the p - bromophenylhydrazone from alcohol in pale 
yellow plates, m. p. 155—156° (Found: N, 8*3. C^H 12 ON 2 ClBr 
requires 1ST, 8*2%. 0*1624 G. gave 0*1592 g. of mixed silver halides. 
Calc., 0*1585 g.), 

4:-Ghloro^7mthoxybenz(M^yde has m. p. 52° and acquires a beauti¬ 
ful silver-grey colour on keeping (Found : Cl, 20*8%). 

The oxime crystallises in colourless feathery needles, m.p. 98—99° 
(Found : Cl, 18*9%), the p-nitrophenylhydrazone in old-gold needles, 
m. p. 251° (Found: 1ST, 14*1%), and the p -bromophenylhydrazone 
in pale pink, feathery crystals, m. p. 134° (Found; N, 8*0%). 

§-CMoro-3-methoxybenzaldehyde has m. p. 62° (Found: Cl, 
21*2%) and on oxidation (loc. tit*, p. 880) yields 6-chloro-3-methoxy- 
b^Q&oic acid, which crystallises in needles, m. p. 170—171°, from 
dilute acetic acid (Found : Cl, 18*8. Calc., Cl, 19*0%). Peratoner 
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and Condorell ( Gazzetta , 1898, 28, i, 197) give 171° as the m. p. of the 
acid prepared from 6-chloro-3-methoxytoluene. 

The oxime forms fine needles, m. p. 101*5° (Found : Cl, 19*0%), 
the -p-nitrophenyliiydrazone crystallises in old-gold needles, m. p. 
229° (Found : N, 14*0%), and the p -bromophenylhydrazone in pale 
yellow plates, m. p. 100° (Found : N, 8*0%). 

2: 6-Dichloro-Z-methoxybenzaldehyde has m. p. 102° (Found: 
Cl, 34*9. C 8 H 6 0 2 C1 requires Cl, 34*6%) and on oxidation yields 

2: §-dichloro-Z-methoxybenzoic acid, which crystallises in stout 
needles, m. p. 149*5°, from dilute alcohol (Found: Cl, 32*0. 
C 8 H 6 0 3 Cl2 requires Cl, 32*1%). 

The p -nitrophenylhydrazone forms old-gold needles, m. p. 214— 
215° (Found : Cl, 20*7. C^H^gNgCla requires Cl, 20*9%). 

2: k-Dichloro-Z-methoxybenzaldehyde has m. p. 82° (Found: 
Cl, 35*0%) and on oxidation yields 2 :4-dichloro-3-methoxybenzoic 
acid, which crystallises in colourless needles, m. p. 163° (Found: 
Cl, 32*0%). 

The p- nitrophenylhydrazone forms old-gold needles, m. p. 258— 
260° (Found: 01,20*7%). 

2:4: Q-Trichloro-Z-methoxybenzaldehyde was prepared by methyl¬ 
ating the hydroxy-compound. It is only slowly volatile in steam 
and crystallises from alcohol in stout needles, m. p. 76° (Found: 
Cl, 44*1. C 8 H 5 0 2 C1 3 requires Cl, 44*4%). By very slow oxidation 
with alkaline permanganate it is converted into 2:4: 6-trichloro- 
3-methoxybenzoic acid, which crystallises in needles, m. p. 109° 
(Found: Cl, 41*6. Calc., Cl, 41*7%). Zincke (Annalen, 1891, 261, 
239) gives m. p. 90°. 

The authors desire to thank the British Dyestuffs Corporation for 
gifts of chemicals. 

Technical College, Huddersfield. [Received, August 11th, 1925.] 


XXIV .—The Nitration of m-Bromophenol. 

By Herbert Henry Hodgson and Francis HarryMoore. 

The systematic study of the direct nitration of m-bromophenol 
does not appear to have been undertaken, although the following 
derivatives have been obtained by indirect means : 3-bromo- 
6-nitrophenol (Laubenheimer, Ber., 1876, 9, 1155), 3-bromo-6- anti 
-4-nitrophenols (Auwers and Deines, Zrntr., 1924, II, No. 18), 
and 3-bromo«4:6-dinitrophenol (Komer, J-, 1876, 1, 2317), 
Tijmstra {Bee, trav. chim., 1902, 21, 292) has described 3-bromo- 
2:4:6-trinitrophenoL ; ' - ? 
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The present investigation on the direct nitration of wi-bromo- 
phenol was carried out on similar lines to that of m-chlorophenol 
(J., 1925, 127, 1599). 2-, 4-, and 6-Mtro-3-bromophenols, 4:6-, 
2 :6-, and 2 :4-dinitro-3-bromophenols, and 2:4:6- and 2 : 5 : 6- 
trinitro-3-bromophenols have been prepared in excellent yield. 
Their properties are very similar to those of the corresponding 
chloro-compounds. 

3-Bromo-2-nitrophenol forms a remarkably labile, colourless 
hydrate, m. p. 35°, which changes on keeping, particularly in dry 
air, to a bright yellow, anhydrous form of m. p. 65—67°; this 
reverts to the colourless hydrate in moist air. The sensitiveness 
of the compound is such as to make it an approximate indicator 
of atmospheric humidity. This behaviour of the substance led 
to a further examination of the previously reported, colourless 
3-chloro-2-nitrophenol (loc. cit., p. 1601), which was found to be 
likewise a hydrate, but much more stable in air than that of the 
bromo-compound. Our analyst reported on a sample which he 
had thoroughly dried, but made no comment on the change of 
colour. This we ascribed at that time to atmospheric ammonia.) 
The analytical datum, therefore, is for anhydrous 3-chloro-2-nitro~ 
phenol. 

Since 3-bromo-5-nitrophenol has been described by Blanksma 
{Rec. trav. chim ., 1892, 21, 254) and Heller and Kammann (Ber., 
1909, 42, 2191), the anhydrous substance mentioned above must 
have the only remaining constitution, viz., that of 3-bromo-2- 
nitrophenol. 

The order of increasing solubility in water of the three dinitro¬ 
compounds is : 2 : 6-, 4 : 6-, and 2:4-. They form characteristic 
silver salts, that of 3-bromo-4:6-dinitrophenol existing in three 
forms (two yellow and one red); Komer’s observation (loc. cit.) 
is thus confirmed and supplemented. 

The orientations tentatively proposed for the dinitro-com- 
pounds follow from the modes of preparation and by analogy 
with the corresponding chloro-compounds (be. cit.). In addition 
is the following evidence: (1) All three din itro-compounds are 
convertible into 3-bromo-2 : 4 : 6-trinitrophenol; the two nitro- 
groups in each compound are therefore in the meta-position with 
respect to each other. (2) The constitution of 3-bromo-4: 6- 
dinitrophenol is definitely settled by its preparation from 3-bromo-4- 
a&d -6-nitrophenols and from 1: 3-dibromo-4 : 6-dinitrobenzene. 
(3) 3-Bromo-2:6- and -2 :4-dinitrophenols not only differ in 
melting point and solubility and in the properties of their silver 
salts, but the former can be prepared from both 3-bromo-2- and 
-6-nitrophenols, whereas the 2:4-dinitro-compound is obtainable 
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only from a sulphonated 3-bromo-2-nitrophenol. (4) The 2 :6- 
and 2 : 4-dinitro-compounds both yield 2 : 4-dinitro-ra-phenylene- 
diamine when heated in a sealed tube with ammonia, and each 
specimen of this compound gives 2 : 4-dinitroresorcinol when boiled 
with aqueous sodium hydroxide. The vicinal positions of the four 
atoms or groups in each of these two bromodinitrophenols are 
thus established. Also these two compounds are converted into 
2 : 4-dinitroresorcinol by boiling alkalis. 

After prolonged sulphonation followed by treatment with excess 
of nitric acid, m-bromophenol gives a trinitro-sulphonic acid; this 
on hydrolysis yields 3-bromo-2 :5 :6-trinitrophenol, which is 
volatile in steam. 

Experimental. 

Unless otherwise stated, the methods of preparation of the 
3-bromonitrophenols are those of the corresponding chloro-com- 
pounds (Zoc. cit.) with appropriate modifications. 

Mononitration of m-Bromophenol. 

(a) By Sodium Nitrate and Sulphuric Acid (loc. cit., p. 1600).— 

3 - Bromo-6-nitrophenol (yield 8-9 g. from 29 g. of m-bromophenol) 
is volatile in steam and crystallises from light petroleum in yellow 
prisms, m. p. 42°, having a characteristic odour (Auwers and 
Deines, m. p. 41*5—42-5°) (Found: Br, 36*7. Calc., Br, 36*7%). 
The methyl ether forms colourless plates, m. p. 85-5°, the benzoate 
crystallises in cream-coloured needles, m. p. 104°, and the sodium 
salt in scarlet needles. [The corresponding derivatives of 3-chloro- 
6-nitrophenol form colourless plates, m. p. 72°, colourless needles, 
m. p. 91°, and scarlet needles, respectively.] 

Z-BromoA-nitrophenol (yield 18 g.) is non-volatile in steam and 
crystallises from light petroleum in yellowish-white, odourless 
needles, m. p. 131° (Found: Br, 36-6. Calc., Br, 36*7%). It is 
also formed readily by oxidation of 4-nitroso-3-bromophenol (J., 
1925, 127, 2262). The methyl ether crystallises in short, colour¬ 
less needles, m. p. 45°, the benzoate in cream-coloured needles, 
m. p. 102°, and the sodium salt in amber needles. [3-Chloro- 

4- nitrophenol: methyl ether, short, colourless needles, m. p. 
56*5°; benzoate, colourless needles, m. p. 96°; orange sodium 
salt.] 

(b) By Nitric Acid in Oleum (loo, cit., p. 1600).—On dilution of 
the nitration mixture and hydrolysis in a current of steam, the 
first distillates were oily, but from the later ones almost colourless 
needles separated on cooling; m. p. 35° (yield 13 g. br 60%). The 
product at first separated from light petroleum in bright yellow. 
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curly needles, m. p. 65—67°, but later crystals were admixed with 
the colourless product, which when separated mechanically had 
m. p. 33°. The yellow compound dissolves in aqueous sodium 
hydroxide to a red solution, from which the colourless variety is 
precipitated on acidification in the cold. 

The yellow variety is anhydrous 3 - bromo-2-nitrophenol (Found : 
Br, 36-6. C 6 H 4 0 3 NBr requires Br, 36*7%). It has a characteristic 
odour distinct from that of 3-bromo- 6-nitrophenol. The sodium 
salt crystallises in red needles, the methyl ether from dilute alcohol 
in white needles, m. p, 73° (Found : Br, 34*2. C 7 H 6 0 3 NBr requires 
Br, 34*4%), and the benzoate from alcohol in white, feathery needles, 
m. p. 133° (Found: Br, 24*7. C 13 H 8 0 4 ]SrBr requires Br, 24-8%). 

The colourless variety could not be dried in sufficient quantity 
for analysis owing to its ready conversion into the anhydrous 
form and in consequence its degree of hydration has not been 
determined. 

Z-Chhro-2-nitrophenol. —The anhydrous yellow variety , after pro¬ 
longed drying over concentrated sulphuric acid, melts at 45—47° 
(Found: Cl, 20*6. CgH^OgNCl requires Cl, 20*5%). 

The hydrated white variety , crystallised from light petroleum, had 
m. p. 37*5—38° (Found: Cl, 18*5. C 6 H 4 0 3 NC1,H 2 0 requires Cl, 
18*5%). On desiccation over concentrated sulphuric acid, 1*2108 g. 
lost 0*1128 g. after 20 hours and 0*1136 g. after 24 hours. The 
calculated loss for 1 mol, H 2 0 is 0*1138 g. ( M , cryoscopic in phenol, 
99. C 6 H 4 0 3 NC1 requires M , 173-5; and CgB^OgNCl, H 2 0 requires 

M, 96 if the water is completely abstracted by phenol). 

Dinitration of m-Bromophenol. 

The mixed acid referred to below contained 98% sulphuric acid 
(15 vols.), 70% nitric acid (12 vols.), and water (9 vols.). 

3-BromoA: 6~dinitrophenol.—(a) m-Bromophenol (4*4 g.) was 
added gradually to a mixture of 90*5% nitric acid (5 c.c.) and 
glacial acetic acid (5 c.c.), and after 12 hours the red solution was 
warmed for 30 minutes on the water-bath, poured into water, and 
steam-distilled. A little 3-bromo-6-nitrophenol passed over, fol¬ 
lowed by the main product, which solidified in colourless crystals, 
m. p. 90° (yield 2 g.). Recrystallised from light petroleum, this 
melted at 92° (Found: N, 10*7; Br, 30*4. Calc, for C 6 H 5 0 5 N 2 Br : 

N, 10*6; Br, 30*4%). 

( b ) 3-Bromo-6- and -4-nitrophenols (2 g.) were each added 
graduaUy to the mixed acid (8 c.c.) cooled in running water, the 
mixture was kept 2 hours, heated at 80° for 15 minutes, diluted, 
and steam-distilled. The product extracted from the distillate 
by ether crystallised from water or light petroleum in white needles, 
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m. p. 92°, in both cases. The liquor in the steam flask deposited 
in each case, on cooling, 3-bromo-2 : 4 : 6-trmitrophenol. 

(c) 1 :3-Dibromo-4:6-dinitrobenzene (3 g.) was boiled for 
6 hours with aqueous sodium carbonate (3 g. in 20 c.c. of water), 
and the solution filtered hot and made just acid. The precipitate 
was crystallised from water; m. p. 92°. 

The identity of the products in (a), (6), and (c) was established 
by the melting points of their mixtures. 

The silver salt formed as a voluminous, yellow, gelatinous pre¬ 
cipitate when a neutral solution of the ammonium salt was treated 
with aqueous silver nitrate. It gradually changed to a red, 
crystalline variety on keeping (the transition being accelerated by 
rubbing with a glass rod) which was but sparingly soluble in aqueous 
ammonia and in the presence of which conversion into a yellow, 
crystalline form occurred (Found : Ag, 29*0. Calc., Ag, 29-2%). 

Z-Bromo-2 : 6-dinitrophenol. — (a) This was obtained from a 
mixture of 1 g. of 3-bromo-2-nitrophenol and 4 c.c. of mixed acid 
(loc. cit ., p. 1602). The steam-volatile product solidified as a 
feathery, crystalline mass, m. p. 124°, and crystallised from light 
petroleum in colourless needles, m. p. 131° (Found: Br, 30*6. 
C 6 H 3 0 5 N 2 Br requires Br, 30*4%). A non-volatile product was 
3-bromo-2 : 4 : 6-trinitrophenol. 

(6) 3-Bromo-6-nitrophenol (4 g.) was slowly added to 7 c.c. of 
oleum (27% S0 3 ) with cooling. The deep red solution was kept 
for 3 hours at 10°, then nitrated with 0*8 c.c. of nitric acid (90*5%) 
in 4 c.c. of oleum (27% S0 3 ), and, after 1 hour, the mixture was 
poured into water. 

Much decomposition occurred on hydrolysis but a small quantity 
of 3-bromo-2 :6-dinitrophenol was obtained, m. p. 131° (Found: 
Br, 30*3%). 

By the same procedure 3-chloro-2 : 6-dinitrophenol was obtained 
from 3-chloro-6-nitrophenol. 

The red, crystalline silver salt is fairly easily soluble in water 
and readily in ammonia (Found : Ag, 29*1%). 

Z-Bromo-2 :4- dinitrophenol was prepared as was 3-chloro-2; 4-dini- 
trophenol (Zoc. cit, p. 1602). The steam distillate deposited 3-bromo- 
2:6-dinitrophenol (0*7 g.), which was identified by its red silver 
salt, m. p. 131°, and by analysis (Found: Br, 30-5%). The filtrate 
gave to ether 0*8 g. of a product, probably 3-bromo-2:4-dinitro- 
phenol, which crystallised from water in fine, silky, cream-coloured 
needles, m. p. 175° (Found: Br, 30*6. C^O^Br requires Br, 
30*4%). ; 

The yellow, crystalline silver salt was insoluble in ammonia 
(Found: Ag, 29%). 
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Attempts to prepare 3-bromo-2 :4-dinitrophenol from 3-bromo- 
4-nitrophenol were unsuccessful owing to its decomposition during 
the sulphonation-nitration process described under (6) above. 

Separation of a Mixture of Z-Bromo-2 : 6- and -2 : 4 -dinitrophenoU. 
—The mixture was converted, by the method described under 
3-bromo-4: 6-dinitrophenol above, into silver salts, which were 
digested with cold aqueous ammonia. The red silver salt of 
3-bromo-2 : 6-dinitrophenol dissolved completely, the yellow isomer- 
ide was insoluble. The pure phenols liberated by hydrochloric 
acid had m. p. 131° and 175°, respectively. 

Action of Ammonia on 3-Bromo-2 : 6- and -2 : 4 -dinitrophenoU .— 
These (1*3 g.) were separately heated in a sealed tube with con¬ 
centrated ammonia (5 c.c.) to 150° during 2 hours. On cooling, 
the products were obtained quantitatively as brownish-yellow 
needles (0*9 g.) in each case, m. p. 258°. Recrystallised from water 
or glacial acetic acid, they melted, separately or mixed, at 258°. 
The substance was sparingly soluble in water, alcohol, ether, 
or glacial acetic acid (Found : N, 28*1 and 28-5, respectively. 
Calc, for C 6 H 6 0 4 N 4 : N, 28*3%). Barr states (Ber., 1888, 21, 
1545) that 2 :4- dinitr o -m -phenylenediamine melts at 250° with 
partial decomposition. 4 : 6 - Dinitr o-m-phenylenediamine melts at 
about 300° (Nietzki and Schedler, Ber ., 1897, 30, 1667). 

The 2 :4-dinitroresorcinol obtained from each of these products 
by the action of boiling aqueous sodium hydroxide melted, alone 
or mixed with the other, at 146° (Beilstein gives m. p, 142°) (Found : 
3ST, 14*1 and 13*9, respectively. Calc, for C 6 H 4 0 6 N 2 s 3ST, 14*0%). 
Each product gave a red, gelatinous silver salt. 

Mixtures of 3-bromo-2 : 6- and -2 :4-dinitrophenols gave 2:4- 
dinitro-m-phenylenediamine when heated with ammonia as above, 
and 2 :4-dinitroresorcinol on subsequent boiling with aqueous 
sodium hydroxide. Barr’s statement (loc, cit.) that conversion 
into 2 :4-dinitroresorcinol does not occur is therefore disproved, 

Finally 3-bromo-2 : 6- and -2 :4-dinitrophenols when separately 
boiled with aqueous sodium hydroxide gave the same 2 : 4-dinitro¬ 
resorcinol of m. p. 146° and mixed m, p. 146°. 

Trinitration of m-Bromophenol. 

3-Bromo-2 :4: (y-trinitrophenol , prepared as was the corre¬ 
sponding chloro-compound (loc. cit., p. 1603), is non-volatile in 
steam and crystallises from water in characteristic clusters of 
colourless, leaf-like forms, m. p. 149° (Tijmstra, loc. cit., gives 144° 
for the m. p. of the compound crystallised from acetic acid) (Found : 

■ Calc., Br, 26*0%). 

/ She same compound was also obtained by nitrating 3-bromo- 
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4 : 6-, *2 : 6-, and -2 : 4-diiutrophenols : 0*5 g. of each was dis¬ 
solved, by gentle warming, in 98% sulphuric acid (3 c.c.), and the 
cooled sdlution treated with 70% nitric acid (1 c.c.) in 98% sulphuric 
acid (2 c.c.). After 3 hours, the solution was warmed on the water- 
bath for a few minutes and poured into water. On passage of steam, 
no volatile product was detected, and the solution, on cooling, 
deposited crystals of m. p. 149°. The yellow silver salt was insoluble 
in ammonia. 

3~Bromo~2 : 5 : &4rinitrophenol was prepared as was the chloro- 
compound (loc. cit 9 p. 1603). It is volatile in steam and crystallises 
from water in fern-like clusters, m. p. 146° (Found: Br, 26*0. 
C 6 H 2 0 7 N 3 Br requires Br, 26*0%). The yellow silver salt is soluble 
in water but insoluble in ammonia. 

Potassium 3-6romo-2 : 5 : 64rinitropJienolA-sulphonate, isolated 
during the above preparation, gave characteristic, yellow crystals 
from Alcohol which exploded when heated [Found: S, 6*7; Br, 
174. Calc, for C 6 Br(0K)(NO 2 ) 3 -S0 3 K: S, 6-8; Br, 17*2%]. 

The authors desire to thank the British Dyestuffs Corporation 
for gifts of chemicals used in this investigation. 

Technical College, Huddersfield . [Received, August 17 th, 1925.] 


XXV .—Condensation of Z-Bromo- and Z-NitroA- 
dimethylaminobenzaldehyde with Ethyl Acetoacetate 
and Ammonia. 

By Leonard Ebxo Hinkiel and William Rees Madel. 

Ortho- and para-substituted aromatio dialkylamines do not reaot 
normally -with nitrous aoid (Wlirster and others, Ber., 1879, 12, 
1796, 1816; Niementowski, ibid,, 1887, 20, 1890; Koob, ibid., 
p. 2459; Grimaux, Cornet, rend., 1891,112, 290, 727; Friedl&nder, 
Monatsh., 1898, 19, 627). We have observed that by the action 
of nitrous aoid the aldehydo-group in p - dimethylaminobenzaldehyde 
is replaced by a nitroso-group, and that no action occurs with the 
corresponding 3-bromo- and 3-nitro-derivatives, It is to be 
expected, therefore, that the presenoe of a substituent in the ortho¬ 
position. with respect to the dimethylamino-group -will counteract 
any influence which this group may have on. the reactivity of the 
aldehydo-group. 

The behaviour of 3-bromo- and 3-nitro-4rdimethylaminobeiiz- 
aldehyde in Hantzsch’s pyridine synthesis has therefore been inves¬ 
tigated, sinoe it has been shown by one of us (J., 1920, 117, 137) 

a 
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that the introduction of a p-dimethylamino-group into benzaldehyde 
exerts a marked influence upon the condensation. In this case, 
not only is the yield of the dihydxopyridine derivative considerably 
reduced, but the oxidation of the latter with nitrous fumes follows 
an unusual course, the dimethylaminophenyl group being eliminated 
as ^-nitrosodimethylaniline. The dihydropyridine derivative 
readily yields a methiodide and a stable hydrochloride which is 
insoluble in water. In the condensation with 3-bromo-4-dimethyl- 
aminobenzaldehyde the effect of the introduction of the bromine 
atom is strikingly shown, not only in the greatly increased yield 
but also in the properties and the stability of the dihydrolutidine (I)> 

The oxidation of this compound proceeds quite normally with 
nitrous fumes. The dimethylamino-group, however, no longer 
reacts with methyl iodide even when heated under pressure, but 
the compound forms a hydrochloride which is very soluble in water. 
In this condensation the combined effects of the bromine and the 
dimethylamino-group cause the aldehyde to react in a manner 
closely resembling that of benzaldehyde. 

With 3-nitro-4-dimethylaminobenzaldehyde the condensation 
proceeds normally. The yield of the product is not so great as in 
the preceding case, nevertheless it is considerably higher than that 
obtained from ^-dimethylaminobenzaldehyde (loc. cit.), so that the 
influence of the nitro-group on the dimethylamino-group, although 
marked, is not so great as that of bromine. The stability of the 
dihydrolutidine derivative appears to be between those of the com¬ 
pounds derived from ^-dimethylaminobenzaldehyde and its 3-broruo- 
derivative, since its oxidation with nitrous fumes must be more 
carefully regulated in order to prevent the elimination of the 
nitrodimethylaminophenyl group. As in the previous condensation, 
the dihydrolutidine derivative does not form a methiodide, but is 
soluble in dilute mineral acids. 

The further study of the effect of substituents in benzaldehyde 
upon the course of Hantzsch’s pyridine synthesis is in progress. 

Experimental. 

Ethyl 4:-(m-Brcmo-j)-dimethylaminop}benyl)-2 ; 6 -dimethyUl : 4-di- 
hydropyridine - 3 : 5-dicarboxylate (I). — 3-Bromo-4-dimethylamino- 
benzaldehyde (1 mol.) dissolved in ethyl acetoacetate (2 mols.) was 
mixed with an alcoholic solution of ammonia (1 mol.). After 
at the ordinary temperature for 1 hour, the mixture was 
^Ipited for 7 hours in a closed flask. After removal of some of the 
$1$^ mixture solidified. The crude product crystallised from. 
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alcohol in fine, yellowish-white needles (yield 82%), m. p. 133° 
(Found : Br, 17*5. C 21 H 27 0 4 N 2 Br requires Br, 17-7%). The ester 
is very soluble in dilute hydrochloric acid and is not hydrolysed 
even in the boiling solution. 

Ethyl 4:-(m-Bromo-^-di?nethylaminophenyl)-2 : Q-dimethylpyridine- 
3 : 5-dicarboxylate. —Nitrous fumes were led into a thin paste of 
the dihydro-ester and alcohol until a clear solution was obtained. 
The viscous mass obtained after removal of the alcohol slowly 
solidified. It crystallised from aqueous alcohol in pale yellow 
crystals, m. p. 91° (Found : Br, 17*7. C 2X H 25 0 4 N 2 Br requires 
Br, 17*8%). 

Hydrolysis . The ester (7 g). was boiled for several hours with 
30% alcoholic potassium hydroxide (50 c.c.). No potassium salt 
separated (compare J., 1920, 117, 140). The excess of potassium 
hydroxide was removed as carbonate, and the concentrated filtrate, 
after the addition of a small quantity of ether, deposited white 
crystals of the potassium salt. 

Ethyl 4z-(m-Nitro-p-dimethylaminophenyl)-2 : %-dimeihylA : 4-dS- 
hydropyridine- 3 : 5-dicarboxylate . —3-Nitro - 4 - dimethylaminobenz- 
aldehyde (1 mol.), ethyl acetoacetate (2 mols.), and ammonia (1 mol. 
in alcohol) were heated together under the conditions previously 
described. After cooling, the solution was filtered from the crystals 
which had separated, and concentrated, a further crop being thus 
obtained. The product could be obtained in better yield by replac¬ 
ing ethyl acetoacetate and ammonia by ethyl p-aminocrotonate in 
alcoholic solution (yield 70%). The crude product crystallised 
from aqueous alcohol in deep yellow plates, m. p. 127° (Found: 
N, 10*3. C 21 H 27 0 6 N 3 requires N, 10*1%). 

Ethyl 4-{m-Nitro~p-dimethylaminophenyl)-2 : ft-dimethylpyridine- 
3 : 5-dicarboxylate .—The oxidation of the dihydro-ester was carried 
out as previously described; the nitrous fumes were, however, led 
in very slowly and rise in temperature prevented by external cooling 
with water. As soon as the dihydro-ester had dissolved, the passage 
of nitrous fumes was discontinued; the solution almost immediately 
deposited crystals, and a further crop was obtained by concentrating 
the mother-liquor. The base crystallised from alcohol in large, 
yellow crystals, m. p. 109° (Found: 0, 60*6; H, 6*1; N, 10*6. 
C 21 H 25 O q N 3 requires C, 60*7; H, 6*0; N, 10*1%). 

We^are indebted to Messrs. J. R. Geigy & Co. for a gift of the 
p-dimethylaminobenzaldehyde used in this investigation, 

UiovEasiTT College, Swansea, [Received, November 19th, 1925.] 
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XXVI .—The Oxidation of Certain Sesquiterpenes with 
Chromyl Chloride and Chromic Acid ♦ 

By David Templeton Gibson, John Monteath Robertson, and 

James Sword. 

The action of chromyl chloride on the simple terpenes, as is the 
case with aromatic hydrocarbons, results in the formation of com¬ 
pounds of the formula C 10 H 16 ,2CrO 2 Cl 2 , which on treatment with 
water yield m ixtures of oxidation products of the terpene and, 
as a rule, some chlorinated compounds (J., 1922,121, 2717; 1924, 
125, 107). Extending this work to the sesquiterpenes cadinene, 
p-caryophyllene, and cedrene, we now find that additive products 
are formed just as in the former instances, but there is a greater 
absorption of the reagent. The additive compound 0 16 H 24 ,2Cr0 2 Cl2 
apparently is contaminated with C 16 H 24 ,3Cr0 2 Cl2, or perhaps with 
C 15 H 22 ,2 Ct 0 2 C1. The amount of oxidising reagent required in its 
formation indicates the former. These compounds are not so 
sensitive to atmospheric moisture as those obtained from the simple 
terpenes and aromatic hydrocarbons; but when they are decom¬ 
posed by water they yield only a relatively small amount of tractable 
oxidation product. 

iStard (Ann, Chim. PTiys 1881, 22, 218) states that the 
chromyl chloride additive product of toluene is decomposed by 
ether, ethyl chloride being evolved. We find, however, that ether 
carefully dried over sodium has no action whatever either on the 
toluene additive compound or on the new series of compounds we 
have prepared. 

P-Caryophyllene forms an additive compound having the approx¬ 
imate composition C^H^^ICrOaO^. On decomposition with 
water, this yields a ketone, C-^H^O (which gave a crystalline semi- 
carbazone); an unsaturated ketone, C 15 H 20 O 2 , caryophyllene alcohol, 
and some chlorinated oxidation products, but no aldehyde. 

From cedrene, an additive compound of similar composition was 
obtained, which on decomposition yielded a compound , c w h m o, 
which gives a semicarbazcme, together with chlorinated products. 
The compound C^H^O does not give an acid upon further oxid¬ 
ation with, nitric acid, and is therefore probably not an aldehyde. 

When the additive compound obtained from cadinene was decom¬ 
posed, in addition to a small quantity of an acid, a 10% yield of a 
steam-volatile, neutral product was obtained which did not give a 
^crystalline semicarbazone. Owing to the difficulty of preparing 
! : ^^JhydroCarhon,^we did not consider that the yields justified the 
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that a direct oxidation with chromic acid might lead to more 
valuable results. 

Wallaeh (Annalen, 1887, 238, 87) found that, on oxidation with 
chromic acid, cadinene gave a mixture of lower fatty acids. With 
potassium dichromate and sulphuric acid mixture, we obtained 
products which were entirely acid. On careful oxidation with 
chromic anhydride, however, we obtained a compound , b. p. 180— 
196°/12 mm., the composition of which agrees with the formula 
C^B^Og. No definite evidence of the presence of ketonic or 
hydroxyl groups could be obtained. When treated with metallic 
sodium, the compound polymerised. This compound closely 
resembles the hydroxy-ketone described by Ruzicka and Stoll 
( Helv . Chim. Acta, 1924, 7, 94). 

Experimental. 

In each case described below, the additive compound was pre¬ 
pared by allowing the reagents to react in carbon tetrachloride 
solution at such dilution (10%) as allowed the course of the reaction 
to be carefully controlled. 

Action of Chromyl Chloride on ^Oaryophyllene. —p-Caryophyllene, 
b. p. 119°/9 mm., n l *° 1-5030, [oc]}f — 5-2°, gave an additive product 
which had the approximate composition C-^H^^CrOgClg and 
remained unaltered when different proportions of chromyl chloride 
were used (Found : Cr, 2T0, 20-9, 21-3. C 16 H 245 2Cr0 2 Cl 2 requires 
Or, 20-0%, C^H^^CrOgClg requires Cr, 23-3%). It was decom¬ 
posed in the usual way. The steam-distilled oil (17 g. from 75 c.c. 
of oaryophyllene) was fractionated at 1 mm., and a main product 
(10 g.), b. p. 120—140°, Cl, 5%, was collected. This fraction was 
practioally freed from chlorine by refluxing with zinc dust in 
alcoholic solution for a month. The oil thus purified distilled mainly 
at 100—110° (A) and 110—126° (B) at 0-5 mm. (A), which was 
saturated, was treated (5 g.) in the usual way with semicarbazide 
acetate, being allowed to stand 2 months. After removal of the 
solvent and uncombined oil, the residue was recrystallised from 
methyl alcohol, and the resulting semicarbazone (1 g.), after further 
purification from benzene, melted at 234° (Found: 0, 69-3 ; H, 
10-0; N, 15-4. C 16 Hg 7 ON s requires 0, 69-4; H, 9-8; N, 15-2%). 

The uncombined oil on evaporation deposited crystals which, 
after washing with ligroin, melted at 92—95° and did not depress 
the melting point of an authentic specimen of oaryophyllene 
alcohol. . 

The higher fraction (B) gave a non-crystalline semicarbazone 
which, after removal of solvent and uncombined oil, was distilled 
in steam with oxalic acid, and the regenerated oil collected. It was 
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unsaturated ; b. p. 118°/1 mm. (Found : C, 77*8; H, 94. C 15 H 20 O 2 
requires 0, 77*6; H, 8*9%). 

Action of Chromyl Chloride on Cedrene. —Cedrene, b. p. 123— 
12578 mm., df 0*9361, [ a $° - 56*4°, n ir 1*60170, gave an additive 
compound similar to the one described above. When it was decom¬ 
posed, steam-distillation of the product gave an oil which contained 
chlorine (Found : 01, 4*2%). The chlorine content was reduced to 
0*6% by refluxing in alcohol with zinc dust for 8 weeks. The oil 
then distilled at 93°/0*15 mm., and the distillate contained no 
chlorine; n 1!f> 1*5462 (Found : C, 81*0; H, 10*6; M , cryoseopic in 
benzene, 224, in camphor, 223. C 16 H 24 0 requires 0, 81*7; H, 
11*0%; M, 220). 

The oil gave a good yield of an amorphous semicarbazone, which 
was dissolved in methyl alcohol to free it from the solid condensation 
product which semicarbazide forms with itself, purified with animal 
charcoal, and added to a large excess of water. This retained the 
last traces of the condensation product and precipitated the semi- 
carbazone as a white powder (Found: 0, 70*4; H, 10*0; N, 14*4. 
C 16 H 27 ON 3 requires C, 69*4; H, 9*8; N, 15*2%). 

Action of Chromyl Chloride on Cadinene ,—Cadinene, b. p. 130— 
134°/10 mm., df 0-9189, nf 1*6097, [a]&i -126°, regenerated 
from the dihydrochloride, m. p. 118°, gave an additive -compound 
of similar composition to those described above. On decom¬ 
position, it yielded a small quantity of a non-crystalline acid, 
and a neutral product in about 10% yield, consisting of a steam- 
volatile oil, which was mixed with semicarbazide acetate, but even 
after prolonged treatment no crystalline semicarbazone could be 
obtained. 

Chromic Acid Oxidation of Cadinene.—Chromic anhydride (70 g.) 
dissolved in a little water and diluted with acetic acid was slowly 
added with constant stirring to cadinene (60 g.) in glacial acetic 
acid (260 g.) during 1 hour, the temperature being kept below 60° 
by occasional cooling. Finally the mixture was heated on the 
water-bath until green, and water added. The neutral product was 
isolated and purified by fractional distillation at 0*6 pam. After 
removal of unchanged cadinene (dihydrochloride, m. p. 118°) and 
a small amount of acid, a light yellow oil was obtained, b. p. 180— 
196712 mm., ngf 1*6096 (Found ; C, 76*6; H, 10*2. 0 1& H 24 0 2 
requires 0, 76*3; H, 10*2%). 

This oil was unsaturated towards bromine and alkaline per¬ 
manganate. It did not give a semicarbazone, neither did it react 
* with p-nitrobenzoyl chloride, or with phenylcarbimide. Addition 
of finely divided sodium produced polymerisation. 

Tbm acid products of the oxidation were isolated and purified. 
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The chief product gave the following analysis : C, 59*2; H, 8*4%. 
The silver salt gave Ag, 35*4%. 

Cadinene (10 g.) in acetic acid (50 c.c.) was treated with potassium 
dichromate (20 g.) and sulphuric acid (14 c.c.) in aqueous acetic 
acid. The reaction was similar to that described above. After 
a little unchanged cadinene had been removed, there resulted only 
an acid product which appears to be identical with the acid described 
above (Found : C, 59*7; H, 8*6%. Silver salt gave Ag, 35*1%). 

We desire to express our thanks to Professor G. G. Henderson 
for the interest which he took in this work, and to the Carnegie 
Trust for. a grant which helped to defray the expense. 

University of Glasgow. [Received, October 7th, 1925.] 


XXVII .—Action of Hydrogen Fluoride on Compounds of 
Selenium and Tellurium . Part /. Selenium Dioxide . 

By Edmund Brydges Budhall Prideaux and John O’Neil 

Millott. 

The action of hydrofluoric acid on selenious compounds does not 
appear to have been studied, except perhaps with negative results, 
no doubt on account of the unstable and corrosive nature of the 
reagents and of such compounds as they might be expected to form. 
Hydrofluoric acid probably does not form a definite product as it 
does with tellurium dioxide. A solid oxyfluoride of selenium was 
prepared by Moissan (“ Le Fluor,” p. 123) by the action of fluorine 
on selenium, but was not analysed. In the present research 
anhydrous hydrogen fluoride was used. 

A remark of Ditto ( Compt . rend., 1876,83,225) bears on the present 
research, viz., that hydrofluoric acid is energetically absorbed by 
selenium dioxide; the product, however, was not examined. 

Preparation of the Selenium Dioxide .—The method used was 
substantially that of Divers and Haga (J., 1899, 75, 537). The 
selenium was dissolved in concentrated nitric acid and after several 
evaporations to dryness with water the product was transferred 
hot to a long glass tube and sublimed in a ourrent of oxygen dried 
by calcium chloride and phosphoric oxide. The product was 
white or pink and we consider that it was dry; the test for dryness 
described by Prideaux and Green (J. Physical Chem., 1924, 28, 
1274) was applied. The oxide, dissolved in dry alcohol, did not 
immediately redden litmus paper. Also a sample, heated with 
anhydrous copper sulphate, gave no blue colour. 

Preparation of Hydrogen Fluoride —Commercial sodium hydrogen 
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fluoride of high quality and practically dry was finely ground and 
strongly heated before each distillation* This was carried out in 
a copper apparatus. The still, still-head, and receiver were made 
by Mr. E. R. Walter, B.Sc.Eng., whose skill and advice have been 
much appreciated. The still-head was fitted with an additional 
tube through which a current of dry air could be blown. The 
straight condenser cooled by ice-water was succeeded by a spiral 
condenser cooled by ice and salt. After the first runnings the 
liquid hydrofluoric acid was colourless and immediately gelatinised 
filter-paper. The receiver was then screwed on. It contained a 
platinum crucible, in which the acid collected, and was cooled by 
ice or a freezing mixture. The vapour passing on was dry, as the 
condensed acid would retain any traces of water. It passed over 
the selenium dioxide, which was usually contained in a platinum 
bottle supplied with platinum inlet and outlet tubes. The vapour 
then passed through a bubble-counter containing dry chloroform, 
and finally through a soda-lime tube. 

The hydrogen fluoride was rapidly absorbed by the selenium 
dioxide, which liquefied and became warm. The liquid first formed 
was not analysed, but it contained quite a small proportion of 
hydrogen fluoride, the selenium dioxide being very soluble. As the 
hydrogen fluoride bubbled into the liquid it was continually 
absorbed. The experiment was stopped usually when the liquid 
contained 40 to 50% of hydrogen fluoride. This does not represent 
the limit of absorption from the acid vapour at a pressure somewhat 
below one atmosphere. In one experiment, a boat gained weight 
until the hydrogen fluoride was 75% of the total weight. 

Properties of the Product ,—The liquids formed were colourless 
and mobile. They fumed strongly and at the ordinary temperature 
the fumes consisted of hydrogen fluoride only. No volatile selenium 
compound was trapped in the chloroform (or alcohol) bubble-counter. 
The liquid does not mix with chloroform, but forms a layer below 
it. It rapidly attacks copper, forming a dark substance. In 
absence of water it slowly attacks glass. When allowed to evaporate 
in a desiccator with reagents which absorb water and hydrogen 
fluoride, it slowly dries up to a syrup. If water is present, as it 
was in some of our earlier experiments, crystals of selenious acid 
are formed, retaining less than *J% of hydrogen fluoride. 

Distillation ,—The product was distilled from the platinum bottle 
and condensed in a long platinum tube cooled with ice-water. 
Distillation began at about 65°, continued freely to about 85°, then 
M| off; little was obtained above 100° until much higher temper- 
reached. The distillate contained more selenium 
- Can be accounted for by its vapour pressure, which 
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is 12*5 mm. at 70° and 40-6 mm. at 199° (Jannek and Meyer, jZ. 
<morg . Chem., 1913, 83, 60). An analysis of the distillate is given 
in the first line of the table. The residue in the flask was analysed 
by the volumetric method. The distillate was treated with dry 
ether, which gave an immediate white precipitate. After washing 
with more ether, this contained 96 mol.% of selenium dioxide and 
4 of hydrogen fluoride. In another experiment the residual liquid, 
from which much solid had been frozen, was distilled with sulphuric 
acid (the monohydrate). A yellow, fuming liquid came over at 
120° to 130°. This reacted violently with water, giving a solution 
which contained both selenious and hydrofluoric acids, but no 
sulphuric acid. 

The residue in the bottle after distillation (without sulphuric 
acid) contained slightly more than 5 mole, of hydrogen fluoride to 
1 of selenium dioxide. This is the composition at which the vapour 
pressure of the hydrogen fluoride sinks to low values. At higher 
temperatures, the liquid would probably distil as a whole, with 
dissociation. 

Separation of Solid .—Preliminary experiments showed that when 
the liquid was strongly cooled by alcohol-solid carbon dioxide, 
a white solid separated which had a composition similar to that of 
the liquid left after the distillation of the more volatile part. The 
cooling curves of this system were determined in various forms of 
apparatus. The arrests were variable and not well marked. This 
was probably due, partly to the nature of the liquid, which can be 
greatly supercooled, and partly to the difficulty of securing good 
heat transference and suitable thermal capacity in apparatus which 
contained so corrosive a liquid. 

The freezing points were therefore determined by observation of 
the contents of the platinum bottle or crucible in which was placed 
the thermometer in a protecting tube. A portion of solution B, 
containing about 4*5 mols. of hydrogen fluoride to 1 of selenium 
dioxide, was poured into a crucible, which was cooled by direct 
immersion in alcohol-carbon dioxide at —70°. When crystallis¬ 
ation had once started, it proceeded very rapidly. The solid was 
allowed to melt slowly in a second crucible cooled externally. The 
temperature was constant at —17*5°, when about one-third was 
solid, and fell slowly to — 18°, when about three-quarters was solid. 

Methods of Analysis .—Prom what is known of the strengths 
of hydrofluoric and selenious acids it should be possible by a 
volumetric method to determine approximately the amounts of 
each in a mixture; the greater part of the hydrofluoric acid being 
titrated with the first hydrion of the selenious acid with #-nitro- 
nhenol as indicator, and the second with an indicator of alkaline 



170 FRIDEATTX AND MILLOTT : ACTION OF HYDROGEN FDTTORIDE 

end-point. According to the results of Willcox and Prideaux 
(J., 1926,127,1643) the end-point in a titration of 0*05 ^-selenious 
acid is at p K = 10*35; the corresponding value from Blanc's second 
constant is 9*70 {loc. cit). Our solutions were about normal, and 
from the equation 2p K = p* +■ + log c, putting logc = 0 and 
using our second constant A 2 = [H*][Se0 8 '']/[HSe0 8 '] = 0*87 x 
10~ 8 , the end-point will be at $> k = 11*0. The most suitable indicator 
available was thymolphthalein, the transition interval of which is 
9*3 to 10*5. Titrations to a full blue should still be slightly below 
the correct end-point of the dibasic acid. This was confirmed with 
10 c.c. of solutions of selenious acid. 


1st end-point x 2 . 11*7 11*6 10*8 

2nd end-point .. 11-6 11*5 10*65 


Hydrofluoric acid is usually titrated with phenolphthalein on 
account of the lower degree of the second dissociation of H 2 F 2 . 
Titrations first with ^-nitrophenol and then with phenolphthalein 
showed that most of the acid was neutralised at the change-point of 
the former indicator, the factor for converting the former into the 
latter titres being (on the average of several results) 1*03. The effect 
of the short titration with thymolphthalein on the total acid titre 
is negligible, and it is completely overcome by the more important 
error in the ^-nitrophenol end-point of the mixed acids, which 
makes the volumetric estimation of selenious acid too high. The 
necessary corrections were determined by the following titrations of 
known mixtures. 

Acids separately. Acids together. 

C.c. of alkali with p-nitrophenol (a) 13*04 (6) 13*98 (a) 12*90 (6) 13*80 
„ „ thymolphthalein (a) 18*45 (6) 19*39 (a) 18*40 (6) 19*30 

Thus the result of the p-nitrophenol titration must be multiplied 
by a factor, 1*01, to give the sum of the titrations of the acids 
separately, i.e. } of the hydrofluoric acid and the first hydrion of the 
selenious acid. This corrected titration subtracted from the total 
titration (with thymolphthalein) gives the amount of selenious 
acid. This difference, subtracted from the corrected titration with 
2?-nitrophenol, gives the amount of hydrofluoric acid estimated by 
this indicator; and the latter, multiplied by 1*03, gives the amount 
of hydrofluoric acid estimated by phenolphthalein. The corrected 
ratios of hydrogen fluoride to selenious acid so obtained are lower 
than those determined gravimetrically. We have not been able to 
determine the reason of this discrepancy. It is possible that the 
hydrolysis is not quite complete, and that there is some complex 
y||qrmation even in aqueous solutions which diminishes the “ strong 
^^^f|.,;ritration^ • 

: ; was determined gravimetrically by the usual method, 
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i.e., by precipitation with sulphur dioxide from rather concentrated 
hydrochloric acid. In the later experiments the modification of 
Lenher and Kao (J . Amer. Chem. Soc ., 1925, 47, 772) was employed. 
The selenium was precipitated from dilute hydrochloric acid, 
filtered off as red selenium in the cold, washed successively with 
concentrated hydrochloric acid, water, alcohol, and ether, dried 
at 30— 4:0°, then to constant weight at 120—130°. Under these 
conditions, no water or salts are included in the precipitate. 

Analysis .—Attempts were made to determine the fluorine also 
as calcium fluoride in the presence of calcium selenite. These gave 
rather variable results which were low in fluorine compared with 
those of the two methods on which we placed most reliance. Some 
of the results are given in brackets under the gravimetric results 
in column 6 of the table, which are based on the weight of solid 
taken and the gravimetric selenium. Column 7 is obtained by 
subtracting the equivalents of selenium (gravimetric) from the total 
equivalents of the two acids given by the thymolphthalein titrations. 
The difference gives the weight of hydrogen fluoride. The sum of 
the selenium dioxide and the hydrogen fluoride should be equal to 
the weight of the solid taken. Results in which there was not a 
fair agreement have not been included. 

Preparation A consisted of 19*43 g. of liquid which contained 
69*3% HP. The molar ratio by increase of weight was 12*5 :1, 
This was used to determine cooling curves. The first marked arrest 
on the cooling curve was at — 54°, the last on the heating curve, 
at — 29°. The liquid was then distilled up to + 85°. The analysis 
of the distillate is given in the table. The residue, by titration 
only, contained hydrogen fluoride and selenium dioxide in the ratio 
4*9. Two samples of solid separated from the mother-liquor and 
titrated without weighing gave ratios of 4*9 and 4*93* 

Preparation B weighed 21*91 g. and the molar ratio by increase 
of weight was 4*425. The initial arrest on the cooling curve was 
at — 22*5°. The solid B x was frozen out and analysed. The 
residue in the bottle, which had now been reduced to 14*8 g., was 
poured into a crucible and the freezing point determined as described 
above. The remaining samples of B were then taken and analysed. 

The filtration of B x was done in the usual way, except that the 
crucible was surrounded by a glass tube, containing lumps of solid 
carbon dioxide and closed at the top by a stopper in which was a 
calcium chloride tube to dry the incoming air. The platinum 
Gooch crucible contained dried asbestos fibre, above which was a 
false bottom of platinum foil perforated with needle holes. The 
liquid which had run through the asbestos was rejected. The 
solid was removed quickly and weighed in a closed crucible. Sample 

0*2 
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jB 2 was pressed on the Gooch, crucible with the false bottom but 
without the asbestos. It was kept cold inside another crucible in 
the freezing mixture. Sample was washed with dry cold chloro¬ 
form by decantation and dried with filter-paper until strong fuming 
began. Preparation 0, 17*54 g., had a molar ratio of 4*62 to 1. 
The fractions 0 1 and C 2 were obtained by partial freezing and 
decantation of the liquid part; the solid was then broken up, 
stirred, and dried with filter-paper. C 3 was collected from the hard 
solid which first formed round the edge at the top. 

The use of the analytical results in making the table is exemplified 
for sample C v 1*756 Grams of solid give 0*651 g. or 0*00822 gram- 
atom of selenium, which is equivalent to 0-915 gram of the 
dioxide. The difference in weight between the original substance 
and the dioxide, i.e., 1*756—0*915, is taken as the quantity of 
hydrogen fluoride (gravimetric) and is 0*04205 mol. The molar 
ratio of hydrogen fluoride (gravimetric by difference) to selenium 
dioxide (gravimetric) is therefore 0*04205/0*00822 = 5*1. 1*756 

Grams of solid require 58*58 c.c. of 0*988 iV'-alkali, with thymol- 
phthalein as indicator. By subtracting from the total milliequiva- 
lents of acid, i.e., 57*66, the equivalents of selenious acid, i.e., 
0*01645, the equivalent of hydrogen fluoride is found to be 0*0412. 
The ratio hydrogen fluoride (volumetric by difference) to selenium 
dioxide (gravimetric) is 5*0. 

The weight of hydrogen fluoride so found (volumetric by differ¬ 
ence), i.e., 0*824 g., when added to the selenium dioxide, 0*918 g., 
gives the weight of product calculated from the volumetric total 
acid and gravimetric selenium; i.e, 3 1*739. These are the values in 


brackets in column 2. 

Wt. taken, 
Wt. calc, 
from 

Ratio nHF/SeO a Ratio nHF/SeO a 
from gravimetric from gravimetric 
selenium and selenium and 

Description of prepar¬ 

analysis in 

total wt. of 

total acid 

ation and sample. 

brackets. 

sample. 

found. 

Distillate at 85° and over 

■ (p*168). 

0*5435 

(0*507) 

14*65 

12*85 

B v Solid sucked dry on 
cooled Gooch. 

0*5405 

(0*5124) 

4*5 

4*5 

J5 2 . Solid dried by pressing 
on Gooch. 

3*56 

(3-47) 

4*93 

4*94 

B z . Solid washed with cold 
chloroform. 

1*236 

(1-170) 

5*3 

4*8 

C*. Solid, first fraction 
dried with filter- 

1-756 

(1-739) 

5*15 

5*0 

paper, 

<7*. Solid, second fraction. 

Solid first formed on 

0*984 

(0*998) 

0*6695 

4*55 

4*45 

(4*9) 

, surface. ■ ■ 

(0*664) 

— Corrected volumetric 

as on p, 170, 

liquid, mother-liquor 

2*770 

2*83 

4*14 

4*34 
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Summary and Conclusions . 

The analyses show that the solid frozen out of our liquid product 
contains constantly about 5 mols. of hydrogen fluoride to 1 mol. of 
selenium dioxide. The fluctuations are, we consider, due to inclu¬ 
sion of mother-liquor, to the loss of variable quantities of hydrogen 
fluoride, and to other difficulties inherent in the analysis of so 
corrosive a substance. This additive compound, Se0 2 ,5HF, is in 
equilibrium with liquids of various compositions. It dissociates 
in the vapour phase, giving off small quantities of hydrogen fluoride, 
the vapour pressure of which is only a small fraction of that of the 
pure acid. At higher vapour pressures the dissociation of the vapour 
which contains selenium dioxide is not complete. Thus the same 
compound is obtained either by distillation of the excess of hydrogen 
fluoride or by freezing from liquids of different compositions. 

The above is one of the few examples of complex formation 
between hydrogen fluoride and an acid anhydride. Analogous 
compounds with tellurous anhydride have been prepared by Metzner 
(Ann. Chim . Phys ., 1898, 15). These were prepared from 
aqueous hydrogen fluoride. One of them was much hydrated; 
2TeF 4 ,3Te0 2 ,6H 2 0. The other, given as TeF 4 ,Te0 2 ,2H 2 0, might 
of course be written as 2Te0 2 ,4HF. We have prepared a compound 
somewhat similar to this from anhydrous hydrogen fluoride which 
we hope to describe in a later communication. The probabilities 
of the two formulae are evenly balanced in the case of tellurium, but 
in the case of selenium we consider the latter, or additive compound, 
formula far more probable. The fluoride of so strongly electro¬ 
negative an element is probably not formed under conditions which 
involve elimination of water, or at any rate, if there is some anhydrous 
fluoride in the presence of a large excess of hydrogen fluoride, it 
would be very difficult to prove its presence and isolate it. Up 
to the present, no fluorides or oxyfluorides of quadrivalent selenium 
have been described, with the important exception of the compound, 
afterwards claimed to be the hexafluoride, described by Lebeau 
(Compt. rend., 1906,144, 1042). His first preparation, the analysis 
of which corresponded to SeP 4 , had the properties to be expected 
and also resembled our present compound. It was a colourless 
liquid, boiling at about +100°, and solidifying at-~.80V. lt 
decomposed water, giving hydrofluoric and selenious acids in the 
molar ratio 4:1. 

A comparison between the actions of hydrogen fluoride and 
hydrogen chloride on selenium dioxide is instructive. Hydrogen 
chloride also gives in the first place an additive compound, which, 
however, easily loses water, giving the oxychloride SeOCl 2 (Lenher, 
J. Amer. Chem. Soc ., 1920, 42, 2498). Loss of water from our 
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compound did not take place under the conditions tried and is 
unlikely in the case of the compound obtained from hydrogen 
fluoride on account of the order of the affinities of fluorine and 
oxygen for hydrogen. 

The apparatus required in the preparation of the hydrogen 
fluoride, and the platinum used in the manipulation of the products 
were obtained by means of a grant from the Royal Society, which is 
gratefully acknowledged. The selenium was kindly presented by 
the Baltimore Copper Company. 

The thanks of one of us (J. M.) are also due to the Department 
of Scientific and Industrial Research for a maintenance grant. 

University College, Nottingham. [Received, August 24tk, 1925.] 


XXVIII .—The Hydration of Strong Electrolytes , the 
Viscosity of their Aqueous Solutions 9 and the 
Dilution Law . 

By James Netherwood Sugden. 

Many attempts have been made to determine the hydration of 
strong electrolytes in aqueous solution. The results of different 
methods of investigation differ widely, some yielding relatively 
small hydration numbers, up to 20 molecules of water per molecule 
of a hydrated salt, whereas others give much larger values which 
are quoted in many text-books (e.g., Nemst’s “ Theoretical Chemis¬ 
try, 5 ’ 1923, p. 450; Freundlich, “ KapiUarchemie,” 1923, p. 81). 
In consequence of this uncertainty, it has not hitherto been possible 
to apply a hydrate theory to those properties of salt solutions 
which may be expected to depend on the hydration of the solute. 
An attempt has been made in this paper to apply, in a quantitative 
way, a new hydrate theory which is put forward as a result of the 
experimental work outlined in subsequent sections. 

Determination of Hydration Numbers . 

It has been shown by Frazer and Myrick (J. Amer. Chem. Soc ., 
1916, 38, 1907), Scatchard ( ibid 1921, 43, 2406), and Washburn 
{Tech. Quart., 1908, 21, 373), from the osmotic pressure, vapour 
pressure, and freezing-point depression respectively, that at moderate 
temperatures and at concentrations as high as molar, sucrose behaves 
as if it formed a hexahydrate in solution, and this fact forms a 
starting point for testing other methods which are 
both to electrolytes and to non-electrolytes. One such 
as indicated by Philip {Trans. Faraday Soc., 1907, 3, 1), 
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who recalculated the experimental results of Knopp (Z. physikal. 
Chem., 1904, 48, 97), Steiner (Wied. Ann., 1894, 52, 275), and 
Muller (Z. physikal. Chem., 1912, 81, 483) on the solubility of gases 
in aqueous solutions of sucrose, potassium chloride, etc., and showed 
that the solubility of hydrogen, nitrogen, and oxygen in these 
solutions was considerably less than might be expected from their 
known water content. He suggested that this lowering of solubility 
might be accounted for by assuming that some of the water was 
attached to the solute as water of hydration and thereby removed 
from its role of solvent, and that the lowering of solubility afforded 
a direct measure of this “ fixed ” water. Philip and Bramley 
(J., 1915, 107, 377, 1831) employed the distribution method to 
measure this effect, while H. E. Armstrong and his collaborators 
(Proc. Boy. Soc., 1906, 78, A, 272; 1907, 79, A, 576, 579, 586; 
1908, 81, A, 102; 1912, 87, A, 582; J., 1911, 99, 349, 371), by in¬ 
vestigating the velocity of reactions such as the inversion of sucrose 
and the hydrolysis of methyl acetate by dilute acids, alone and in 
presence of their salts, calculated the hydration of the salt by 
estimating the amount of water required to be added to the solution 
in order to restore the velocity coefficient to its original value. In 
view of the approximate agreement of the results obtained by 
these methods, it was thought desirable to make a further study 
of the problem by the distribution method, which is the most 
convenient. 

The experimental conditions desirable on theoretical grounds 
were laid down by Philip and Bramley (loc. cit.), but these have 
been modified in that a system was sought in which the distributed 
solute (a) can be estimated quickly, preferably by simple titration, 
(6) is miscible in all proportions with both the aqueous and the 
non-aqueous phase, and (c) is distributed equally between the two 
solvent phases. Only one such system oould be found, viz., acetic 
acid distributed between water and amyl alcohol, which had been 
investigated by Herz and Eischer ( Ber ., 1904, 37, 4746; 1905, 
38, 1138), The distribution coefficient was found to vary some¬ 
what with the source of the alcohol (usually about the figure 0’96) 
and to be independent of the concentration of the acetic acid when 
tested on the following systems: amyl alcohol and (a) water, 
(b) 2A'-sodium chloride, (c) iV-potassium nitrate, (d) 0-25 A-sucrose, 
and also of the time, showing that esterification in the alcohol 
phase did not take place. The objections to this system are (a) the 
two solvents are slightly miscible with each other, (b) some salts 
are not insoluble in amyl alcohol, (c) iodides are decomposed by 
the acetic acid and the liberated iodine dissolves in the alcohol, 
and ( d) acetic acid cannot be estimated by titration in presence of 
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ammonium salts. Complete immisoibility is, however, not essential 
when the distribution coefficient is approximately unity, and other 
methods can be applied in the case of the soluble lithium, magnesium, 
and calcium salts and of ammonium salts. 

If d x and and C 1 and C 2 , are respectively the densities and 
distribution coefficients of water and a salt solution of normality n, 
the total weight of water per litre of solution is 1000d 2 — nE (E 
being the equivalent weight of the salt). The weight of free water 
is taken to be lOOOd^.O^/C* {d x = 0*99707), and consequently the 
weight of water attached to n gram-equivalents of the salt is 
1000<f 2 — nE — 1000^ C x /0 2 and the apparent equivalent hydration 

H » 1000(tf 2 - C 1 d 1 [0 2 )llSn - JB/18, 

This calculation assumes the solvents to be completely immiscible, 
the quantity of acetic acid (actually I c.c. of acid per 200 c.c. of 
solvents) to be negligible, and the indicating substance (acetic 
acid) to be insoluble in the salt whose hydration is being determined. 

In Table I are the results of the first experiments, with sucrose. 
The apparent molecular hydration, if, increases with dilution until 






Tablb I. 





n. 

d. 


o* 

B. 

n. 

d. 

o* 

Oi¬ 

H. 

W 

1*2532 

0*9870 

2*061 

2*7 

tf/4 

1*0300 

0*9227 

l-Old 

5*0 



0*9625 

2*030 

2*7 


0*9625 

1-042 

5*2 

N 

1*1270 

0*9780 

1*376 

4*2 

N[5 

1*0234 

0*9663 

1*029 

6*1 



0*9625 

1*360 

4*3 


0*9663 

1*030 

5*6 

Nj 2 

1*0623 

0*9625 

1*135 

5*2 

Nf 7 

1*0153 

0*9663 

1*011 

5*5 


0*9628 

1*133 

4*9 


0*9659 

1*012 

6*1 

hT/3 

1*0407 

0*9663 

1*072 

4*8 

N /10 

1*0103 

0*9028 

0*9933 

0*6 


0*9659 

1*073 

4*9 


0*9628 

0*9954 

6*5 


a value of 5 to 6 molecules of water is obtained. The method of 
estimating H is by difference, and the experimental error increases 
rapidly as the fraction of “ fixed ” water decreases, as the 
dilution increases; in the case of sucrose a steady value is not 
indicated until a dilution is reached where the experimental error 
becomes appreciable, nevertheless the average value so obtained is 
in good agreement with that deduced from the osmotic properties 
of sucrose solutions. 

Table II gives the results obtained for all the salts investigated, 
and Table IIa summarises those for the alkali metals. 

In every case except the sulphates, a reasonably constant value 
of H was obtained, usually over the range N ■— Nj 10. The values 
in the column headed U(ex.) * are those which might be ascribed 

ralues of H over the range N—N /4 are reasonably constant, 
as the average. Where H is large and the maximum value 
at normal concentration, e.g., LiBr, LiBrO s , less weight is 
determination. 


Where the 
is taken 


imm*. 



THE VISCOSITY OE THEIR AQUEOUS SOLUTIONS, ETC. 177 

Table II. 


Cone. Cone. 


(JV.). 

C?2* 


C 2 . 

H, 

(N.). 

CZn. 

o,. 

(V 

H. 



LiCl. 




LiBrO a , 



1*516 

1*0332 

0*9526 

1*2990 

8*7 

0*830 

1*0809 

0*9412 

1*0962 

7*5 

1*0 

1*0214 

0*9526 

1*1714 

9*3 

0*415 

1*0392 

0-9412 

1*0143 

7*75 

0*5 

1*0095 

0*9526 

1*0052 

9*8 

0*2075 

1*0180 

0*9412 

0-9774 

7*95 

0*25 

1*0034 

0*9526 

1*0006 

9*75 

0*083 

1*0058 

0*9412 

0*9527 

6*4 

0*1 

0*9995 

0*9526 

0*9698 

8*8 


NaBrO,. 





Nad. 



1*0 

1*1122 

0*9632 

1*1350 

6*4 

2*0 

1*0794 

0*9780 

1*3660 

6-9 

0*5 

1-0550 

0*9632 

1-0437 

6*6 

1*0 

1*0380 

0*9424 

1*1150 

7*0 

0-25 

1-0260 

0-9632 

1-0021 

6*6 

0*5 

1-0180 

0*9526 

1*0331 

8*0 

0-1 

1*0089 

0-9632 

0*9770 

6*0 

0*25 

1*0078 

0*9600 

1*0006 

8*1 



KBr0 3 . 



0*1 

1*0013 

0*9628 

0*9759 

6*5 

0*25 

1*0290 

0*9227 

0-9405 

2*0 



KOI 





LiIO g . 



2*0 

1*0872 

0*9820 

1*1940 

3*3 

0*9927 

1*1506 

0*9227 

1*1106 

7*9 

1*0 

1*0427 

0-9600 

1*0534 

3*3 

0*4963 

1*0745 

0*9412 

1*0241 

7-6 

0*5 

1*0206 

0*9424 

0*9868 

3*5 

0*2482 

1*0360 

0*9227 

0*9613 

7*6 

0*25 

1*0091 

0*9600 

0*9808 

3*3 

0-0993 

1*0127 

0*9227 

0-9393 

8-5 

0*1 

1*0019 

0*9520 

0*9605 

3*3 



NalCV 





LiBr. 



0-25 

1*0400 

0-9412 

0-9700 

5*1 

1*232 

1*0735 

0*9410 

1*1533 

6*9 

0-1 

1-0141 

0*9510 

0*9616 

4-5 

0*616 

10353 

0*9410 

1*0504 

8*1 



KI0 3 . 



0*308 

1*0162 

0*9410 

0*9922 

7-9 

0*25 

1*0414 

0-9227 

0*9376 

1*5 

0*1232 1*0047 

0*9410 

0*9600 

7*5 


JNa.S0 4 





NaBr. 



2-0 

1*1150 

0-9780 

*1-4160 

7*9 

2*0 

1*1503 

0*9520 

1*3024 

6*0 

1*0 

1*0572 

0*9780 

1-1370 

7*2 

1*0 

1*0747 

0*9520 

1*1045 

6*2 

0-5 

1-0283 

0-9410 

1-0020 

6*3 

0-5 

1*0360 

0*9600 

1*0343 

6*4 

0*25 

1*0134 

0*9410 

0*9650 

5*2 

0*25 

1*0165 

0*9526 

0*9892 

6*8 

0*1 

1*0043 

0*9410 

0*9443 

2*0 

0*1 

1*0045 

0*9526 

0*9663 

6*3 



4K 2 S0 4 . 





KBr. 



1*0 

1*0638 

0*9780 

1*0570 

3*0 

2*0 

1*1623 

0*9520 

1*1030 

1*8 

0*5 

1*0310 

0*9410 

0*9661 

1*8 

1-0 

1*0802 

0*9520 

1*0240 

1*9 

0*25 

1*0137 

0*9410 

0*9491 

0*8 

0*5 

1*0394 

0*9520 

0-9861 

1*9 



MgCljy. 



0*25 

1*0181 

0*9520 

0*9687 

1*9 

2*260 

1*0790 

0*9424 

1*4567 

16*0 

0*1 

1*0052 

0*9520 

0*9582 

1*5 

1*130 

1*0389 

0*9424 

1*1983 

19*6 



LiNO s , 



0*565 

1*0183 

0*9424 

1-0632 

21*0 

0*900 

1*0322 

0*9410 

1*0156 

2*9 

0*2825 

1*0077 

0-9424 

0*9998 

19-4 

0*450 

1*0147 

0*94X0 

0*9820 

3*5 

0*113 

1*0013 

0*9424 

0*0615 

18*4 

0*225 

1*0062 

0*9410 

0*9592 

3*1 



CaCl 8 . 



0*090 

1*0006 

0*9410 

0*9478 

2*8 

2*186 

1*0924 

0*9510 

1*4374 

15*8 



NaNOa. 



1*093 

1*0458 

0*0510 

1*1804 

18*6 

2*0 

1*1040 

0*9526 

1*1032 

2*0 

0*546 

1*0216 

0*9400 

1*0403 

18*4 

1*0 

1*0518 

0*9600 

1*0266 

1*9 

0*273 

1*0095 

0*9510 

1*0050 

18*9 

0*5 

1*0247 

0*9526 

0*9815 

1*6 

0*109 

1*0020 

0*9510 

0*0735 

22*4 

0*25 

1*0113 

0*9600 

0*9740 

1*6 



SrCV 



0*1 

1*0028 

0*9600 

0*9625 

1*6 

2*0 

1*1369 

0*9510 

1*4052 

15*8 



KNO s . 



1*0 

1*0679 

0*9510 

1*1090 

18*6 

1*0 

1*0574 

0*9600 

0*9581 

-2*4 

0*5 

1*0320 

0*9510 

1*0514 

10-0 

0*5 

1*0276 

0*9600 

0*9559 

—2*6 

0*25 

1*0150 

0*9510 

0*9980 

18*8 

0*25 

1*0131 

0*9520 

0*9497 

-2*6 

0*1 

1*0044 

0*9510 

0*9713 

21*9 

0*125 

1*0044 

0*9520 

0*9506 

-3*0 



BaCl s . 





NaC10 a . 



2*0 

1-1740 

0*9632 

1*3323 

13*8 

2*0 

1*1335 

0*9632 

' 1*2150 

3*6 

1*0 

1*0869 

0*9600 

1*1387 

16*8 

1*0 

1*0662 

0*9632 

1*0758 

3*7 

0*5 

1-0424 

0*9780 

1*0630 

16*2 

0*5 

1*0319 

0*9632 

0*9736 

3*7 

0*25 

1*0198 

0*9682 

1*0036 

16*3 

0*25 

1*0148 

0*9632 

0*9880 

8*7 

0*1 

1*0062 

0*9632 0*0760 

13*1 

0*1 

1*0044 

0*9632 

0*9716 

2*9 



MgBr a . 





KC10 8 . 



1*7624 

1*1302 

0*9227 

1*2845 

15*9 

0*25 

1*0161 

0*9526 

0*9585 

-1*2 

0*8812 

1*0641 

0*9227 

1*0900 

18*2 

0*1 

1*0048 

0*9526 

0*9554 

-0*9 

0*4406 

1*0308 

0*9227 

1*0090 

19*8 






0-2203 1-0140 

0*9227 

0*9623 

19*0 






0-0881,1-0040 

0*9227 

0*9402 

21*6 
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Table II (continued). 


Cone. 





Cone. 





m- 


G v 

C,. 

H, 

W* 


Of 

C a* 

H. 



CaBr s . 




Ca(NCM fl , 



2*148 

1*1706 

0-9424 

1*3282 

12*8 

2*18 

M243 

0*9400 

1-1448 

6*5 

1*074 

1*0848. 

0*9424 

1*1323 

15*3 

1*09 

1*0618 

0*9400 

1-0346 

6*8 

0*537 

1*0412 

0*9424 

1-0365 

16*8 

0*545 

1*0292 

0*9400 

0-9850 

6-7 

0-268 

1*0193 

0*9424 

0*9857 

16*2 

0*2725 

1*0130 

0*9400 

0-9619 

6*7 

0-1074 

1*0063 

0*9424 

0*9603 

17*9 

0*109 

1*0036 

0-9400 

0-9480 

6*2 



SrBr 2 . 




SrfNO.),. 



2*0 

1*2027 

0*9400 

1*2737 

12*2 

1*9736 

1*1297 

0-9510 

1-1495 

5*4 

1*0 

1*1008 

0*9400 

1*1011 

14*0 

0*9868 

1*0775 

0-9510 

1*0373 

6*7 

0*5 

1*0493 

0*9424 

1*0264 

16*0 

0*4939 

1*0377 

0-9510 

0*9923 

6*8 

0*25 

1*0231 

0*9400 

0*9795 

15*7 

0*2969 

1*0176 

0*9510 

0*9715 

7*0 

0-1 

1*0078 

0*9400 

0*9536 

14*0 

0*09868 

1*0057 

0*9510 

0-9578 

6-0 



BaBr*. 




Ba(NO a ) 2 



2*0 

1*2510 

0*9424 

1*2400 

10*9 

0*5 

1*0494 

0*9510 0*9825 

4*2 

1*0 

1-1251 

0*9424 

1*0900 

12*7 

0*25 

1*0233 

0-9510 

0-9660 

4*0 

0*5 

1*0615 

0*9424 

1*0146 

13-6 

0-.1 

1*0076 

0-9510 

0-9565 

3*5 

0*25 

1*0293 

0*9424 

0*9777 

13*4 



MgSO. r 



0*1 

1*0100 

0*9424 

0*9572 

15*0 

2*0 

1*1104 

0*9400 

1*4855 

20-0 


Mg(NO s ) 

a* 


1*0 

1*0552 

0-0400 

1-1555 

20-4 

2*02 

1*0993 

0*9400 

1*1448 

7*2 

0*5 

1*0266 

0-9400 

1*0287 

19*0 

1*01 

1*0489 

0*9400 

1*0304 

8*0 

0*25 

1*0121 

0-9400 

0*9788 

17*6 

0*505 

1*0231 

0*9400 

0*9889 

8*3 

0*1 

1*0035 

0-9400 

0*9519 

14*4 

0*2625 

1*0100 

0*9400 

0*9634 

8*1 






0*101 

1*0023 

0*9400 

0*9467 

5*3 







to the salt from these experimental results alone, whilst under H 
are the most probable values for the apparent molecular hydration. 
Where the values in the two columns differ, the explanation is 
usually to be found in the solubility of the salt in the alcohol phase; 
the evidence upon which the final figure is based will appear in 
later sections. All previous work on hydration suggests that this 


Salt* 

2 N. 

LiCl 

NTaCl 

KC 1 

8*7 

6*9 

3*3 

LiBr 

HaBr 

KBr 

6*0 

1*8 

XiNO* 

NaNO a 

kno 3 

2*0 

LiC10 s 

NaClOa 

KCIO* 

3*6 

XiBrO* 

KaBrO a 

KBrO* 




Table IIa. 


N, 

Nl 2 . 

Nl 4. 

9*3 

9*8 

9*75 

7*6 

8*0 

8*1 

3*3 

3*5 

3*3 

6*9 

8*1 

7*9 

6*2 

6*4 

6*8 

1*9 

1-9 

1*9 

2*9 

3*5 

3*1 

1*9 

1*6 

1*6 

—2*4 

- 2*6 

- 2*6 

3*7 

3-7 

3*7 

— 

— 

- 1*2 

7*5 

7*75 

7*95 

6-4 

6*6 

6*6 

— 

— 

2*0 

v 7*9 

7*6 

7*6 


5-1 

1*5 


52 

0*8 


$ 710 . 

B (esc.).* 1 * 

H. 

8-8 

9*8 

10*5 

6*5 

8*0 

7*9 

3*3 

3*4 

3*4 

7*5 

8*0 

9-0 

6-3 

6*6 

0*4 

1*5 

1*9 

1*9 

2*8 

3*4 

4*4 

1*6 

1*8 

1*8 

-3*0 

- 2*6 

—2*7 

— 

_ 

6*3 

2*9 

3*7 

3*7 

-0*9 

- 1*0 

- 0*8 

6*4 

7*8 

9*2 

6*0 

6*6 

6*6 

— 

2-0 

2*1 

8*5 

7*7 

7*7 

4*5 

5*1 

5*1 

— 

1*5 

0*0 


7 2 
3*0 


6*3 

1*8 


2*0 
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quantity is not independent of the salt concentration, but the 
results now obtained (with the one exception) do not support this 
view, and, whilst it cannot be shown from them alone whether or 
not the constant value is retained as the dilution is still further 
increased, it will be convenient, for the time being, to regard these 
as fixed values. The sulphates are anomalous, the values of H 
actually decreasing on dilution. This may be due to the appear¬ 
ance and subsequent dissociation of intermediate ions of the type 
KS0 4 , or to some idiosyncrasy of the sulphate ion; salts of the 
type BaClg and Sr(NO s ) 2 behave in the normal way. 

Potassium bromate and iodate are only sparingly soluble salts, 
consequently their hydration could not be determined with accuracy. 
Potassium nitrate and potassium chlorate both gave constant 
negative values for H. Analysis of the figures brings out the interest¬ 
ing fact that the difference between the apparent molecular hydraMon 
of a sodium and a potassium salt is independent of the anion , hydration 
thus being an additive property (Table III). 


Table III. 



Cl. 

Br. 

NO a . 

C10 3 . 

Br0 3 . 

iOa* 

ISTa 

8-0 

6-6 

1*8 

3*7 

6-6 

5-1 

K 

3-4 

1-9 

-2-6 

-1-0 

20 

(1-5) 

Diff. 

4-6 

4-7 

4-4 

4*7 

4-6 

(3-6) 


The average value for the Na~K difference is 4*6 rnols. H 2 0. 
The determination of the corresponding Li-Na difference presented 
some difficulty, due to the solubility of lithium salts in amyl alcohol. 
Of those examined, the iodate alone was insoluble, so the difference 
(2*6 mols. H 2 0) depends on only one determination; moreover, 
sodium iodate is a sparingly soluble salt and the most concentrated 
solution available was N/i> hence the value H = 6*1 for this salt 
is not known with the usual accuracy. Nevertheless, the difference 
value of 2*6 is probably not greatly in error; the hydration values 
for the other lithium salts tabulated in column H (Table II) are 
obtained by adding 2*6 to the hydration number of the correspond¬ 
ing sodium salts. 

Table IV gives a summary of the values of H for the salts of the 
alkaline earths. The magnesium and calcium salts dissolved in 
the amyl alcohol and in each case the numbers in column H (ex.) 
are too small, but good values were obtained for the strontium and 
barium salts; the chlorides and bromides are heavily hydrated 
and hence the maximum value is in some cases not obtained until 
a dilution somewhat greater than normal is reached. 

Table V indicates that hydration is additive in these salts also, 
and Table VI that the chloride-nitrate difference is common to 
both series. 
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Table IV. 


Salt. 

2N. 

N. 

N/2. 

isr/4. 

N/10. 

H (ox.). 

B. 

Mgei* 

16-0 

19*6 

21*0 

19*4 

18*4 

20*0 

24*8 

CaCl fl 

16-8 

18*6 

18*4 

18*9 

22*4 

18*4 

20*6 

SrCla 

15*8 

18*6 

19*0 

18*8 

21*9 

18*8 

18 *8 

BaCl 2 

13-6 

15*8 

16*2 

16*3 

13*1 

16*2 

16*2 

MgBr* 

15-9 

18*2 

19*8 

19*0 

21*6 

19*2 

21*8 

C&r a 

12*8 

15*3 

16*8 

16*2 

17*9 

16*3 

17*6 

SrBr a 

12*2 

14*0 

16*0 

15*7 

14*0 

15*9 

15*8 

RaBr a 

10-9 

12*7 

13*6 

13*4 

15*0 

13*5 

13*2 

asst 

7*2 

6*5 

8*0 

6*8 

8*3 

6*7 

8*1 

6*7 

5*3 

6*2 

8*1 

6*75 

12*8 

8*6 

Sr(NO,) s 

5*4 

6*7 

6*8 

7*0 

6*0 

6*7 

6*8 

Ba(NO s ) a 

— 

— 

4*2 

4*0 

3*5 

4*1 

4*1 

MgS0 4 

20*0 

20*4 

19*0 

17*6 

14*4 

— 

— 



Table V. 



Table VI. 




Cl. 

Br. 

no b . 


Na. 

K. 

JSr. 

JBa. 

Sr 

18*8 

15-9 

6-7 

Cl 

8*0 

3*4 

9*4 

8*1 

Ba 

16.2 

13*5 

4*1 

N0 8 

1*8 

-2*6 

3*35 

2*05 

Dift, 

2*4 

2*4 

2*6 

Diff. 

6*2 

6*0 

6*05 

6*05 


Negative Hydration. 

The salts possessing negative hydration values are the chlorates 
and nitrates of potassium and presumably also of ammonium, 
rubidium, and caesium. Since, so far as the additive nature of 
hydration is concerned, these salts are apparently normal, it is 
probable that this phenomenon is not an abnormality, but merely 
an extreme example of some property common to all strong elec¬ 
trolytes. In this particular case, the negative hydration is indicated 
by the fact that solutions of these salts exert a greater solvent 
power upon acetic acid than does pure water. An obvious explan¬ 
ation is that some measure of combination takes place between 
the salt and acetic acid, but several arguments may be raised 
against this. One of these (and others will appear later) is that 
the negative hydration, or, from the point of view of this explan¬ 
ation, the extent of combination between the two substances is 
independent of the concentration of both the potassium nitrate 
and the acetic acid over a wide range of concentration. The 
increased solvent power of potassium nitrate solutions is not con¬ 
fined to acetic acid alone; reference to the papers of Rothmund 
( Z , pJiysikal. Chem., 1900, 33, 401), Biltz (ibid., 1903, 43, 41), Bray 
andWinninghoff (J.Amer. Chem. Soc., 1911,33,1663), and Glasstone 
and Saunders (J., 1923,123, 2134) shows that the property extends 

» % very wide range of compounds, including the particularly 
ssting ease of lead nitrate (Glasstone and Saunders), which 
m ^ common ion. Moreover, whereas the ordinary process 
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of hydration produces a concentrating effect upon other constituents 
of an aqueous solution, evidence is not lacking that these “ nega¬ 
tively hydrated ” salts actually produce a diluting effect, a property 
which has been noticed by Rennie, Higgin, and Cooke (J., 1908, 
93, 1162), Armstrong and Watson (Proc. Boy, Soc 1907, 79, A , 
586), Harned (J. Amer. Chem. Soc,, 1918, 40, 1461), and Walton 
(Z, physikal. Glum,, 1904, 47, 185). 

Several explanations of these anomalies are to be found in the 
above papers, but in seeking a general interpretation which will 
cover these and other properties of solutions of strong electrolytes 
the possibility was considered that the anions and kations might 
react with the solvent in fundamentally different ways. All the 
published work on hydration of strong electrolytes agrees on two 
points: (1) if kations are arranged in the order of diminishing 
hydration, the caesium ion occupies the lowest position, and (2) if 
the anions are so arranged, the chloride ion occupies the position 
of maximum hydration; this, together with the definite proof 
advanced by Washburn ( J . Amer. Chem. Soc,, 1915, 37, 694) that 
the least hydrated kation (caesium) carries measurably more water 
than the (presumably) most heavily hydrated anion (chloride), 
suggests at once that anions are not hydrated, but possess pro¬ 
perties which in certain cases are sufficiently developed to over¬ 
compensate the hydration effect of the kation. 

When acetic acid is in equilibrium both with water and with 
amyl alcohol, its activity in each phase must be the same, and (if 
the solution is sufficiently dilute) proportional to its mole-fraction, 
which in the aqueous phase is assumed to depend on the “ asso¬ 
ciation factor ” of water. If the mole-fraction (activity) of the 
acetic acid in the aqueous phase is increased by the removal of 
water as water of hydration, some of the acid will escape into the 
alcohol phase until equilibrium is re-established. Alternatively, if 
the association factor of water is decreased by any means what¬ 
soever, the mole-fraction of the acetic acid will decrease and can 
only be restored by transference of the acid from the alcohol to 
the water phase. The suggestion is made, therefore, that whilst 
kations are invariably hydrated, probably as a result of the positive 
field (the intensity of which decreases as the ionic radius increases) 
round the ion and a stray field round the water moleoule, anions 
are not hydrated but in all cases exert (in greater or less degree) 
a depolymerising action on the associated solvent, resulting in a 
shift of the equilibrium (H 2 0) 3 zz (H 2 0) a + H 2 0 3H a O towards 
the right. The properties of solutions of strong electrolytes are 
thus to a large degree determined by the relative magnitudes of 
these two rival processes. 
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An action such as the above, which increases the effective mole- 
fraction of the water, will produce a species of water molecule 
which alone is found in the vapour phase; hence aqueous solutions 
of negatively hydrated salts should have abnormally high vapour 
pressures (compare Washburn, J . Amer. Chem. Soc 1910, 32, 653, 
1636; Washburn and Maclnnes, ibid., 1911, 33, 1686; Bousfield, 
Trans . Faraday Soc ., 1919, 15, 47; Glasstone and Saunders, foe. 
cit; Sidgwick and Ewbank, J., 1924, 125, 2273). 

Hydration and the Equivalent Conductivity at Infinite Dilution. 

Kohlrausch (Proc. Boy. Soc., 1903, 71, A, 348) suggested that 
“ about every ion moves an atmosphere of the solvent the dimen¬ 
sions of which are determined by the characteristics of the ion, 


Fig. 1. 



and the electrolytic resistance of an ion is a frictional resistance 
that increases with the dimension of the atmosphere **; consequently 
a quantitative relationship may be expected between and the 
hydration of the kations.* In order to correlate these properties, 
let it be assumed that H is independent of concentration up to 
infinite dilution. This assumption is not unreasonable in view of 
the facts presented in this paper, and further, it leads to con¬ 
clusions which are supported by considerations based on the con¬ 
stancy of H over the experimental range N — N j 10 only. 

If the apparent molecular hydrations of the alkali chlorides are 
plotted against the equivalent conductivities at infinite dilution, 
the points lie on a smooth curve, which is slightly concave towards 
the origin. The shape of the curve is determined by the pro¬ 
perties (X^ and H) of the kations, and its position on the diagram 
by the equivalent conductivity of the anion. In a similar diagram 
^l^nvfor the salts of a common kation, the points lie irregularly 

* #?®^%^potkesis cannot be true universally if anions are not hydrated. 
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and can only be joined by a zig-zag line. This dissimilarity sup¬ 
ports the hypothesis that anions and kations behave towards the 
solvent in different ways. 

The curvature of the lines relating and H for the alkali metals 
(so far as their hydrations are known) is so slight that the purpose 
of the diagram is served equally well by plotting the values for the 
sodium and potassium salts only and joining the points by straight 
lines (Fig. 1). Two points of interest, which will be encountered 
again later, become evident: (a) the nitrates and chlorates fall on 
one line, and (6) the sequence of the curves for the bromates, 
chlorates, and iodates is unexpected. 

Hydration of Strong Electrolytes and the Viscosity of their Aqueous 

Solutions . 

Strong electrolytes may be divided into two classes according to 
their effect on the viscosity of water. The first (and smaller) class 
consists of the salts of the heavier alkali metals the aqueous solutions 
of which at the ordinary temperature have viscosities lower than 
that of the solvent. With increasing concentration, the viscosity 
falls at first to a minimum and then increases to a value which, in 
the case of very soluble salts, may exceed the viscosity of water. 
At higher temperatures the minimum becomes less marked and 
finally disappears, the solution then behaving as solutions of elec¬ 
trolytes of the second (and larger) class, the viscosities of which 
are always greater than that of water. 

Many unsatisfactory and conflicting theories have been put 
forward to explain the negative viscosity (yi/y/q — 1 being negative) 
of some salt solutions, e.g., by Euler ( Z . physikal . Chem 1898, 
25, 536), Wagner {ibid., 1903, 46, 871), Jones and Veazey {Amer. 
Chem . J., 1907, 37, 405), and Taylor (Proc. Roy * Soc. Edin ., 1907, 
28, 461). 

Getman (J. Chim. Phys ., 1907, 5, 344; J. Amer . Chem . Soc., 
1908, 30, 721, 1077) ascribed negative viscosity at least partly to 
association of the solvent (potassium iodide in non-associated sol¬ 
vents having a positive viscosity), Bousfield (J., 1915, 107, 1797) 
pointed out that “ the viscosity of dilute aqueous solutions’ cannot 
be theoretically treated except in conjunction with the effect of 
the peculiar constitution of water,” and Rabinowitsch (J. Amer. 
Ghem, Soc., 1922, 44, 954) showed, from theoretical considerations, 
that whilst hydration of ions can account for an increased viscosity, 
depolymerisation of the solvent alone supplies a rational explan¬ 
ation of the negative viscosity of some salt solutions- 

When the kation is only slightly hydrated and the non-hydrated 
anion is small, or efficient in depolymerising the solvent, the effect 
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of the anion predominates, and the viscosity of the solution will 
be negative; but with increasing salt concentration, and therefore 
increasing depolymerisation, the average size of the water molecules 
becomes smaller, and hence the tendency of the kation to increase 
the viscosity will become more marked, eventually accounting for 
the minimum value and subsequent increase in the viscosity. 
Increase of temperature causes depolymerisation and consequently 
the disappearance of the minimum in the curve, the solvent func¬ 
tioning at higher temperatures as if it consisted only of simple 
molecules or complexes incapable of easy depolymerisation. 


Fig. 2. 



Fig. 2 shows the relation between the hydration of the alkali 
chlorides and the relative viscosity * of their solutions. If the 
latter is greater than unity, it is at all concentrations a linear 
function of the apparent molecular hydration of the salt; if less 
, than unity, this relationship holds up to approximately semi-normal 
concentration. The straight lines in Fig. 2 all pass through a 
point where 7j/yj 0 = 1 and H = 4*3. If an alkali chloride had this 
hydration value of 4*3, all disturbing influences would exactly 
compensate one another and the viscosity of its solutions at all 
concentrations would be the same as that of pure water. The 
relative viscosities of solutions of the alkali chlorides are propor¬ 
tional to the differences between their apparent molecular hydrations 
and this “ zero 55 value, which may be denoted by H 0 . The point 
of origin rijrj 0 = 1, H = 4*3 is independent both of the concern 

* Except where otherwise stated, the accurate viscosity measurements of 
|4t#E|ineisen (Wise. AbhandU Physikal.-Tech. Beichsanst., 1905, 4, 239), and 
•^ifel'^oileoted data of Noyes and Falk (J. Amer, Chem . Soc., 1912, 34, 463) 
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tration and of the nature of the kation; it is determined by the 
anion, of which it is a specific property. The viscosities of these 
solutions depend, therefore, on (a) the value of H 0i which is fixed 
by the anion, (6) the hydration of the salt (determined largely by 
the kation), and (c) the concentration of the solution. 

Many empirical equations have been proposed connecting the 
viscosities and the concentrations of solutions of strong electrolytes. 
The simplest of these (Arrhenius, Z. physilcal. Chem., 1887, 1, 
284), 

log vho = 0c . . . . . . (1) 

where 0 is a constant varying from salt to salt and c is the number 
of gram-molecules per litre, holds with considerable accuracy over 
a wide range of concentrations, provided the solutions are more 
viscous than water, whilst for solutions of negative viscosity its 
application is limited to dilutions greater than semi-normal. It is 
obvious from Pig. 2 that the constant 0 may be expressed in terms 
of the apparent molecular hydration, H, and a more general con¬ 
stant, K : 

0 = K(H — H 0 ) .(2) 

whence log 77/770 = Kc(H — H 0 ) .(3) 

a general equation which has the same applicability as that of 
Arrhenius. In Table VII, K is evaluated for the alkali chlorides, 
the calculated values of 77/770 being then obtained from the equation 

log vho «« 0*01c(iT ~ 4-3) ... . (4) 


Table VH. 



LiCl. 

B » 

10 * 6 . 

NaCl 

. H » 

7*9. 

KOI. B «* 3*4* 




*llv 0 

ym.mimmm. 


1)1*10 

*l[*]o 

c. 

77/ijo. 

K. 

(calc,). 

1)1*1 0 * 

K . 

(calc.). 

77 / 770 , K . (calc.). 

1*07 

1*160 

0*0098 

1*163 

1*086 

0*0101 

1*085 

0*9820 (0*0088) 0*9785 

0*617 

1*072 

0*0097 

1*074 

1*041 

0*0099 

1*042 

0*9808 0*0097 0*9897 

0*227 

1*031 

0*0107 

1*029 

1*0167 

0*0101 

1*0164 

0*9959 0*0097 0*0958 

0*127 

1*016 

0-0111 

1*014 

1*0086 

0*0103 

1*0082 

0*9982 0*0097 0*9989 

0*06.7 

1*008 

0*0109 

1*007 

1*0046 

0*0110 

1*004 

0*9991 0*0096 0*9998 


Mean value of K » 0*01. 

The figures in brackets in Tables VII and VUI refer to solutions for which 
77 / 170—1 is negative, and of such concentrations that equation ( 1 ) is no longer 
applicable. 

The corresponding diagram for the alkali nitrates closely resembles 
that for the chlorides, except that the origin of the curves has 
shifted to the value H 0 = 0; however, the value of K (0-01) is 
the same (within the limits of experimental error), as will be seen 
from Table Vm. 
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Table VIII. 


l-o# 
0*5# 
0 * 2 # 
0 * 1 # 


LiNO a , B =r 4*4. 

NaNO s . B « 1*8. 

kno 8 . 

H =-2-7. 

vivo 

ij/Vo* K . (calc.). 

S’ '. .\ ■ 

vh o 

Tj/rjQ K . (calc.). 

r" . ' 

yfoo- 

- - ' " 1 ’ -> 

v/7o 
IC (calc.), 


1*1020 0*0094 1*1066 1*0640 0*0127 1*0423 0*9620 (0*0070)0*9397 

1*0603 0*0096 1*0620 1*0219 0*0104 1*0209 0*9764 (0*0083) 0*9694 

1*0200 0*0096 1*0205 1*0082 0*0096 1*0084 0*9883 0*0096 0*9876 

1*0112 0*0107 1*0102 1*0044 0*0102 1*0039 0*9841 0*0094 0*9969 


It is possible, therefore, that K may be a universal constant and 
the equation 

log vho = 0*01c(i? - H 0 ) .... (5) 

a general one. 

For the alkali iodates, which (with the exception of the lithium 
salt) are only sparingly soluble in water, the value of H 0 (Table IX) 
has been calculated from equation (5) instead of being obtained by 
the graphical method. The average value is — 5*5. 




Table IX. 



c. 

T?/l? 0 * H 0 . 

rj/rio (calc.). 

LilO, 

1 *00# 

1*3380 —4*9 

1*3552 


0*20 N 

1*0620 —5*4 

1*0627 


0*0 5# 

1*0158 -5*7 

1*0153 


0*0252V 

1*0086 —6*7 

1*0076 

NalO, 

0 *20# 

1*0496 -5*4 

1*0481 

KIO s 

0 *20# 

1*0270 -5*2 

1*0285 


The negative sign probably indicates that the iodate ion is 
sufficiently large of itself to increase the viscosity of water, an 
effect which is, of course, independent of its depolymerising action. 

The values of H 0 for the bromides (4*1) and chlorates (0*0) were 
similarly found. In the case of the bromates, owing to lack of 
data, new viscosity measurements were made (H 0 = 1*6). 


Table X. 



LiBrOs 

, B 

= 9*2. 


NaBrOj, 

. H 

« 6*6. 

c. 

x ,r ■■ ■ 

vho 9 


, r >b\ 

(calc.). 

c. 

yly o* 

H 0 . 

vino 

(calc.). 

0*830# 

1*154 

1*7 

1*156 

1 *0# 

1*122 

1*6 

1*122 

0*415# 

1*076 

1*6 

1*075 

0*5# 

1*059 

1*6 

1*058 

0*207# 

1*036 

1*8 

1*037 

0*25# 

1*027 

2*0 

1*029 

0*083# 

1*014 

1*5 

1*015 

0 *1# 

1*013 

1*0 

1*012 


The values of H 0 thus found are 4*3 for Cl, 4*1 for Br, 1*6 for 
BrO a , 0*0 for NO s , 0*0 for C10 3 , and — 5*5 for I0 3 . The chlorates and 
nitrates form one system here as in Fig. 1 and the sequence of the 
:;; : ^fes.in.,Fig. 1 is that of these H 0 values. Fig. 3 shows the relation 
between the spacing of the curves in Fig. 1 as measured by the 
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value of Xqq at H = 0, and the values of H Q . This curve can be 
accurately described by the empirical equation 

X* = 100 + 13*5 X 1-327*. .... (6) 

It indicates a lower limit for the position of the curves in Fig. 1, 
only slightly below that of the iodate curve. Moreover, the smooth 
curve in Fig. 3 is of some importance, for whereas the values of 
H 0 are obtained from the viscosities of solutions over a concen¬ 
tration range similar to that available for the determination of 
hydration by the distribution method, the sequence and spacing 
of^the curves in Fig. 1 depend on the application of these hydration 
values at infinite dilution. Fig. 3 therefore supplies some justi¬ 
fication for extending the use of these hydration numbers to in¬ 
finitely dilute solutions, since no serious error is thereby introduced. 
It must be mentioned, however, that “ the viscosity concentration 
curve for all salts has a change of curvature at the dilute end in 


Fig. 3. 



H 0 . 

the sense that the first particles of salt added have a greater effect 
in increasing, or a less effect in diminishing the viscosity of water 
than subsequent additions. The change in curvature is scarcely 
noticeable unless the curve is plotted on a large scale ” (Applebey, 
J., 1910, 97, 2000; see also Griineisen, loc . cit). 

Salts of the type BaCl 2 can be treated in exactly the same way 
as those of the type KC1. By substituting the viscosity and 
apparent molecular hydration of barium chloride in equation (5), 
the value H 0 = 7*4 is obtained. On the assumption that H 0 is 
determined solely by the anion the value for a bivalent chloride 
might be expected to be 8*6. The agreement, therefore, is not 
unsatisfactory, and supports the assumption that K in equation (5) 
is a universal constant.* 

* It appears not unlikely that the size of a (unhydrated) kation is less 
than that of an average water molecule ; consequently some small part of 
the water of hydration may be needed to adjust this difference, whilst the 
remainder tends to increase the viscosity of salt solutions. Hence H 0 for 
a bivalent chloride might be expected to be slightly less than twice the value 
for a univalent chloride, since, although the number of anions per molecule 
is doubled, that of the kations remains the same. 
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Having obtained U 0 for these salts, it is possible to calculate, 
from the equation 

log ^0 = 0*01(5(1? -74) .... (7) 

the values of H for magnesium chloride (H = 24*8) and calcium 
chloride (H » 20*6). Where the final value of H differs fromjthe 
experimental value S (ex.), (i.e,, for soluble salts), it is obtained 

(а) in Table IIa, from the additive property of hydration and 

(б) in Table IV, from this semi-empirical hydration-viscosity 
equation. 

Hydration of Strong Electrolytes and the Dilution Law. 

According to the theory here developed, the apparent molecular 
hydration, H, which represents the resultant of two opposing factors, 
viz. 9 hydration of kations (decrease of the effective mole-fraction 
or activity of water) and depolymerisation by anions (increase of 
the effective mole-fraction or activity of water), may be applied to 
determine the effective mole-fraction of water and thus the 
corrected van 5 t Hoff factor, i. 

Washburn (Tech. Quarts 1908, 21, 373) has shown that the 
effective mole-fraction, n f 9 of the solute may be calculated from 
the freezing-point depression, A f, by means of the equation 

»' = 0*00969 (At - 0*00425A^ 2 ) ... . (8) 

This equation may be used for freezing-point depressions as large 
as 7°, and the mole-fraction is given with an accuracy equivalent 
to an experimental error of 0*001° in measuring At. Equation (8) 
may be equated to (a) ni[(ni + N) and (6) ni c /(ni 0 -f* AF Hn), 
where n and N are the numbers of gram-molecules of solute and 
solvent, and i and i c the uncorrected and corrected van ? t Hoff 
factor, respectively. 

van *t Hoffs factor is defined on the basis of the classical theory 
by the equation (for a uni-univalent salt) £ — 1 + a, where a is 
the <c degree of dissociation.” Alternatively, (1 — a) may be 
regarded simply as the “ osmotic deficiency,” i.e., the fraction 
by which the osmotic properties deviate from those required for 
an ideal solution of a completely dissociated salt. It was necessary, 
therefore, to review the recorded freezing-point depressions, more 
especially those referring to concentrated solutions where the 
hydration correction is considerable. Probably the most trust¬ 
worthy measurements are those of Washburn and Maclnnes ( loc . 
cit.) 9 who selected lithium chloride, potassium chloride, and caesium 
ligate as being representative of the whole range of hydrated 
l^^pfefehxum .chloride being presumably the most and oeesium 
hltote the least heavily hydrated of the uni-univalent strong 
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electrolytes. In addition, the results of Noyes and Falk (J. Amer. 
Ghem. Soc., 1910, 32, 1011), Jones and Pearce (Amer. Chem. J., 
1907, 38, 683), Ponsot (Ann. Chim. Phya., 1897,10, 79), de Coppet 
(J. Physical Chem., 1904, 8, 531; Z. physikal. Chem., 1897, 22, 
239), Biltz ( Z. physikal. Chem 1902, 40, 185), Jahn (ibid., 1904, 
50, 129; 1907, 59, 31), Adams (J. Amer. Chem. Soc., 1915, 37, 


Pig. 4. 



481), Harkins and Hall (ibid., 1916, 38, 2658), Rodebush (ibid., 
1918, 40, 1204), and Rivett (Z. physikal, Chem., 1912, 80, 546) 
have been used for the calculations, of which a selection is given 
in Table XI. In applying the hydration correction it was assumed 
that the hydration is (a) independent of the concentration and 
(6) has the sarnie value at the freezing point as at 25°, the tem¬ 
perature at which the hydration determinations were made. 
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Table XI refers to lithium chloride, potassium chloride, and ceesium 
nitrate. In these three cases the corrected van 5 t Hoff factor, i Ci 
obeyed the dilution law 

2- i c » Ktfn .(9) 

or (1 -* c )^KWn . .... • (10) 

with great accuracy, that is, the corrected “ osmotic deficiency ” 
(1 *— <x c ) is proportional to the cube root of the concentration or 
inversely proportional to the linear distance between the ions. 
The calculations were extended for potassium chloride to the 
cryohydric concentration, i.e., 3*3 gram-molecules of salt per 
1000 grams of solvent,* at which concentration the hydration 
correction f amounts to 20*2% of the total solvent present, an 
amount approximately the same as for molar lithium chloride 
solution. The figures for caesium nitrate apply also to the cryo¬ 
hydric point of a 0*5 molar solution. The hydration of caesium 
nitrate was obtained from Washburn’s transport measurements 
(J. Amer. Ohem . Soc., 1915, 37, 694) and the known value for 
potassium nitrate. Pig. 4 shows in a striking way the effect of 
the corrections, the straight lines representing the corrected and 
the curves the uncorrected values of a, plotted against the cube 
root of the concentration. 

These results, obtained for three salts of the uni-univalent type, 
covering a wide hydration range appear to establish the cube 
root law as being the 4 4 dilution law ” for strong electrolytes. The 
experimental difficulties in working with solutions more dilute 
than the above are very great. Moreover, a small error in At 
corresponds with a large error in (1 — a) and consequently in K , 
whilst the use of a oonstant value for H may not be justified in 
those dilute regions where the small change in curvature in the 
viscosity-concentration curve has been detected, It is, therefore, 
a difficult matter to test the applicability of the cube root law 
(applied to corrected values of a) to very dilute solutions. The 
curves in Pig. 4 differ, however, from the somewhat similar curves 
obtained by plotting the equivalent conductivity against the cube 
root of the concentration in this important respect, that whereas 
the extension of the latter to zero concentration involves an extra¬ 
polation to an unknown destination, X^, the gap in these new 
curves may be bridged by a linear interpolation , since (1 — a) 
must be zero at zero concentration. Hence it appears probable 
that the cube root law may still be valid in this region; altern- 

t' -jU;.*-. the use of Washburn’s equation to a t: p. depression of 

error thus introduced is probably not greater than the 
with which the cryohydric temperature is known, 
tables under the heading “ %.’* 
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Table XI. 


LiCl. H = 10-5. K = 0-31. 


n. 

A U 

a. 

a (corr,). 


a (calc.)* 

%- 

0-025 

0*090° 

0*939 

0-9295 

0-241 

0-910 

0-48 

0-050 

0*177 

0-9075 

0-889 

0-300 

0-8865 

0-94 

0-075 

0*265 

0*905 

0-880 

0-285 

0-873 

1-44 

0-1 

0*351 

0-8925 

0*857 

0-308 

0-857 

1-91 

0-2 

0*694 

0*875 

0-804 

0-335 

0-820 

3-82 

0-3 

1*049 

0-893 

0-781 

0-327 

0*794 

5-73 

0-4 

1-416 

0-924 

0-778 

0-301 

0-773 

7-65 

0-5 

1*791 

0-947 

0*763 

0-303 

0-756 

9-55 

0-8 

2-966 

1-031 

0*721 

0-302 

0-714 

15-3 

1-0 

3*792 

1-083 

0*690 

0-310 

0-690 

19-1 



KC1. 

H = 3*4. K = 

* 0-32. 



0-025 

0*089 

0*917 

0-914 

0-294 

0*907 

0-15 

0*050 

0-175 

0-886 

0-880 

0*326 

0-883 

0-31 

0-075 

0-262 

0-878 

0-870 

0-309 

0-869 

0-46 

0-1 

0-345 

0-8605 

0*849 

0-325 

0-852 

0-62 

0-2 

0*680 

0-837 

0*814 

0-318 

0-814 

1-24 

0-3 

1*009 

0-820 

0-787 

0-318 

0-787 

1-86 

0*4 

1-335 

0-805 

0-765 

0-317 

0-766 

2-48 

0*5 

1-658 

0-802 

0-746 

0-325 

0-747 

3*10 

0-8 

2*635 

0-798 

0-710 

0-313 

0-705 

4-92 

1*0 

3-287 

0*801 

0-691 

0-309 

0*680 

6-20 

1-989 

6*46 

0-791 

0*583 

0-331 

0*600 

11-8 t 

3-30* 

11-10 

0-922 

0-535 

0-312 

0*527 

20-2 % 



CsN0 3 . 

H mm 3-3. K 

= 0-52. 



0-025 

0*086 

0-833 

0-851 

0-510 

0*848 

-0-15 

0*05 

0-168 

0-807 

0-812 

0-510 

0*809 

—0-30 

0-075 

0-247 

0-774 

0-783 

0*514 

0*781 

—0*45 

0*1 

0-352 

0-753 

0-763 

0-511 

0-759 

-0-60 

0-2 

0-622 

0-680 

0-700 

0-513 

0*696 

— 1*2 

0-3 

0-897 

0-618 

0*647 

0-527 

0*652 

—1*8 

0-4 

1-160 

0-571 

0-608 

0-532 

0-617 

—2*4 

0*5 * 

1-419 

0-539 

0-585 

0-531 

0*588 

-3-0 


Wash%urn’s 

Coppet). 


values, except where marked f (Kistiakowski) and f (de 
* Oryohydrio concentration. 


atively, if any departure from the law is involved, not one 
but two changes in curvature would be necessary in order that the 
osmotic deficiency should not have a finite value at infinite dilution. 

The freezing-point measurements of Adams (loc. tit.) and Hovorka 
and Rodebush ( J . Amer. Chem, Soc., 1925, 47, 1614) apply to 
dilute solutions, and are of a high order of acouracy, the former 
having been used to establish the freezing-point laws of Lewis and 
Linhart and of Bransted. In Table XII their values of * s are 
compared with the calculated values: s — g.-mol. of salt in 
1000 g. of water. 

The figures for potassium chloride agree (within the limits of 
experimental error) with one another and with the calculated 
values, but those for the nitrates show considerable divergences 
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Table XXI. 


e. 


0*001 

0*002 

0*006 

0*01 

0*02 

0*06 

0*1 

«-■) 

« 0*3 2Vn. 

0*968 

0*960 

0*946 

0*931 

0*914 

0*883 

0*852 

Ka. 

Adams. 

«_ 

0*909 

0*901 

0*942 

0*920 

0*883 

0*851 

tt 

H. & B. 

0*962 

■_ 

0*966 

0*933 

— 

— 

— 

, »» ^ 

W, 

— 

-— 


— 

— 

0*880 

0*849 

KNO. 

. Adams, 


0*967 

0*968 

0*938 

0*910 

0*863 

0*797 

CsNO, 

H, & B. 

0*966 

— 

0*960 

0*934 

— 

— 

— 

99 

W. _ 

_ 

— 

— 

— 

— 

0*812 

0*763 

(1-a) 

as 0•52'0'W 

0*948 

0*934 

0*911 

0*888 

0*869 

0*808 

0*759 


Table XIII. 

NaCl. H = 7-85. K = 0-32. 


n. 

At. 

a. 

a (corr.). 

K. 

a (calc.). 

%* 

0*006 

0*01815° 

0*953 

0*952 


0*281 

0*945 

0*07 

0*01 

0*036 

0*938 

0*936 


0*297 

0*931 

0*14 

0*02 

0*0714 

0*921 

0*916 


0*310 

0*912 

0*28 

0*05 

0*176 

0*894 

0*881 


0*323 

0*881 

0*71 

0*10 

0*348 

0*876 

0*850 


0*323 

0*850 

1*42 

0*1168 

0*406 

0*875 

0*8435 


0*320 

0*8435 

1*66 

0*235 

0*808 

0*859 

0*797 


0*329 

0*802 

3*32* 

0*434 

1*449 

0*856 

0*7445 


0*340 

0*760 

6 *0* 

0*6148 

2*068 

0*831 

0*6715 


0*374 

0*728 

8*4+ 

0*9291 

3*145 

0*853 

0*609 


0*400 

0*688 

13*lf 



]SfH 4 CL 

B wm 3*3. 

K 

« 0*32. 



0*005 

0*01818 

0*947 

0*946 


0*316 

0*941 

0*04 

0*01 

0*036 

0*928 

0*927 


0*339 

0*931 

0*06 

0*02 

0-071 

0*908 

0*906 


0-346 

0*912 

0*12 

0*05 

0*1744 

0*880 

0*874 


0*342 

,0*881 

0*30 

0*1 

0*344 

0*856 

0*845 


0*334 

0*850 

0*60 

0*2 

0*6784 

0*832 

0*811 


0*323 

0*813 

1*2 

0*2619 

0*889 

0*835 

0*801 


0*313 

0*795 

1*55* 

0*3 

1*0086 

0*819 

0*783 


0*324 

0*786 

1*8 

0*7974 

2*658 

0*820 

0*734 


0*287 

0*703 

4*75* 

1*0523 

3*61 

0*830 

0*715 


0*283 

0*675 

s 6*3* 

2*32 

7*72 

0*863 

0*611 


0*294 

0*576 

13*91 

3*727 

12*52 

0*934 

0*506 


0*319 

0*504 

22 *lJ 



RbCl. 

B * 2*9. 

K 

« 0*32, 



0*1095 

0*379 

0*867 

0*856 


0*301 

0*845 

0-58* 

0*2404 

0*812 

0*826 

0*800 


0*322 

0*799 

1-27* 

0*4061 

1*347 

0*7985 

0*7605 


0*323 

0*762 

2 *12* 

0*5866 

1*927 

0*788 

0*732 


0*320 

0-730 

3*06* 

0*7008 

2*483 

0*792 

0*721 


0*306 

0*705 

4*0* 



CsCl. 

« 

II 

$ 

K 

= 0*32. 



0*02 

0*0717 

0*931 

0*929 


0*262 

0*912 

0*1 

0*05 

0*1757 

0*893 

0*889 


0*301 

0*881 

0*25 

0*1 

0*3454 

0*863 

0*854 


0*315 

0*850 

0*50 

0*2 

0*677 

0*8285 

0*810 


0*325 

0*811 

1*0 

0*3 

1*002 

0*808 

0*780 


0*327 

0*784 

1*5 

0*4 

1*322 

0*792 

0*755 


0*332 

0*762 

2*0 

0*5 

1*637 

0*778 

0*734 


0*340 

0*744 

2*5 

0*093 

2*24 

0*761 

0*6995 


0*340 

0*714 

3*5* 


Mid Falk’s values, except those marked * (Biltz), f (Ponsot), and 
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(compare KN0 3 Adams with CsN0 3 Washburn) and in the most 
dilute solutions agree better with the calculated value for chlorides 
(K = 0*32) than for nitrates (K = 0*52). 

Table XIII refers to the four remaining univalent chlorides. 
With the exception of sodium chloride, they all obey the law in 
a satisfactory way, having a common value of K = 0*32. Sodium 
chloride deviates somewhat, the value of K increasing with con¬ 
centration for solutions above 0*25xV. This is unexpected, since 
the viscosity is normal, and lithium chloride with its greater hydr¬ 
ation number obeys the law, as does sodium bromide (Table XIV). 

Table XIV gives a representative selection of the other salts 
investigated, viz., sodium bromide, magnesium chloride, barium 
chloride, and strontium nitrate, and it will be seen that in each 

Table XIV. 


NaBr. H =* 6-4. K « 0-29. 


n. 

At. 

a. 

a (corr.) 

K. 

a (calc.) 

%• 

0-02 

0*0722° 

0*944 

0*944 

0*203 

0*923 

0*23f 

0*05 

0*1775 

0*910 

0*003 

0*263 

0*895 

0*56t 

0*1 

0*3507 

0*891 

0*867 

0*286 

0*868 

1*1 

1 * 

0*2 

0*6926 

0*871 

0*829 

0*292 

0*833 

2*2 

r 

0*3 

1*031 

0*860 

0*798 

0*301 

0*809 

3*4 

r 

0*4872 

1*691 

0*886 

0*783 

0*276 

0*772 

5*4 


0*6434 

2*232 

0*890 

0*755 

0*284 

0*750 

7*2:| 


0*9731 

3*413 

0*923 

0*707 

0*296 

0*713 

10*9 

t 

1*1632 

4-112 

0*946 

0*694 

0*291 

0*695 

13*0 

£ 

1*3544 

4*820 

0*965 

0*670 

0*291 

0*671 

15*1 

l 



MgCl a . H 

* 24*8. 

K = 0*49. 




0*0562 

0*282 

0*852 

0*818 

0*475 

0*812 

2*60f 

0*1180 

0*580 

0*827 

0*757 

0*495 

0*760 

5*3f 

0*1665 

0*822 

0*834 

0*735 

0*482 

0*730 

7*45± 

0*25072 

1*235 

0*835 

0*682 

0*504 

0*691 

11*5 


0*5046 

2*6768 

0*999 

0*622 

0*475 

0*610 

22*5 


0*76106 

4*433 

1*09 

0*552 

0*491 

0*553 

34*0 


0*9608 

6*062 

1*34 

0*503 

0*504 

0*517 

43*0 




BaCI*. H 

« 16*2. 

K » 0*55. 




0*05005 

0*2477 

0*833 

0*817 

0*497 

0*797 

1*40 

0*07514 

0*3613 

0*796 

0*762 

0*564 

0*708 

2*2 


0*1003 

0*4792 

0*789 

0*751 

0*536 

0*745 

2*8 


0*16312 

0*757 

0*754 

0*695 

0*558 

0*699 

4-7S§ 

0*1727 

0-804 

0*758 

0*694 

0*550 

0*694 

5-056 

0*4043 

1*902 

0*779 

0*628 

0*502 

0*593 

11*8 


1*205* 

7*85 

1*33 

0*443 

0*524 , 

0*415 

35*5|| 



Sr(NO*) s . 

H *» 6 *8. 

0*58. 




0*1004 

0*4587 

0*733 

0*718 

0*607 

0*730 

1*2 


0*2528 

1*0817 

0*655 

0*620 

0*601 

0*634 

3*1 


0*5116 

2*0849 

0*609 

0*541 

0*574 

0*537 

6*15 

0*7771 

3*0453 

0*574 

0*472 

0*570 

0*467 

9*4 


1*0506 

3^9983 

0*544 

0*411 

0*579 

0*411 

12*7 


1*530 * 

5*75 

0*543 

0*352 

0*562 

0*332 

18*4|I 



Jones’s values, except those marked f (Noyes and Falk), J (Bivett), 
| (Ponsot), and || (de Coppet). 

* Cryohydric concentration. 
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case the cube root law is obeyed and applies equally well to bi- 
univalent salts of the type BaCl 2) Sr(N0 3 ) 2 , etc. 

In addition to the above salts, calculations have been made 
for a number of others with the following results : sodium nitrate 
(E = 0*38), potassium nitrate {K = 0*50), and rubidium nitrate 
(K = 0*51) obey the cube root law, with the possible deviation 
of potassium nitrate in dilute solution (see Table XII and com¬ 
ments). The small value of K for sodium nitrate should be noted. 
Potassium bromide gave less satisfactory results, E decreasing 
from 0*31 for dilute solutions to 0*24 at the eutectic (3*836-weight 
normal); This salt behaves as if the hydration value of 1*9 is 
too small; the experimental result, however, is beyond suspicion. 
An increase of H by one unit (which is not justified on any other 
grounds) would give a constant value of K at all concentrations. 

Calcium chloride (K = 0*47), strontium chloride (K = 0*48), 
cobalt chloride (K = 0*45), and copper chloride (K = 0*52) are 
all satisfactory. With barium nitrate (K = 0*80), the constant 
tends to rise slightly, and with lead nitrate (E = 0*93) to fall 
slightly, both in dilute solution; but this is thought to be due to 
possible small errors in the freezing-point measurements. Copper 
bromide gives a small but constant value (E = 0*31), whilst barium 
bromide resembles the potassium salt, the values of E decreasing 
from 0-44 to 0-36. 

Thus far, the results for twenty-two salts have either been given 
in detail or commented upon, and considerable evidence has been 
adduced in favour of the cube root law. In only three of the above 
cases do deviations occur, viz sodium chloride and potassium and 
barium bromides, but five other salts were found not to obey the 
law. These are the nitrates of lithium, magnesium, calcium, copper, 
and cobalt, for which E decreases continuously with increasing 
concentration: e.g., magnesium nitrate n = 0*05, K = 0*46; n = 
1*0423, E a 0*13; calcium nitrate n = 0*05, K » 0*58; n = 1*05, 
E = 0*42; lithium nitrate n 0*04, K = 0*52; n = 1*016, 
E = 0*24. These salts all contain heavily hydrated kations, and 
anions which are very active in dissociating the solvent. Although 
the hydration numbers of these salts are relatively small, since 
they represent the difference between two competing processes, 
they do not afford a measure of the great disturbance suffered 
in these cases by the solution. 

The apparent molecular hydration of magnesium nitrate is 
12*8 HgO ; in a molar solution of this salt, not less than half the 
attached to the magnesium ions and the activity of the 
is increased by 50% by the nitrate ions. It is doubtful, 
Whether the use of a constant hydration correction is 


solvent is 
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permissible, even if Washburn’s equation is applicable to cases 
where the solvent equilibrium is so violently disturbed. Where 
the absolute hydration correction is small (potassium chloride) 
the cube root law is followed with great exactness, even for dilute 
solutions, and it appears probable that an ideal strong electrolyte 
(anion inert, kation not hydrated) would obey the law over the 
whole concentration range. 

The Hydration Theory and the Conductivity Ratio, 

According to the theory of complete dissociation, the conduc¬ 
tivity ratio 'k v j‘k co must be regarded solely as a ratio of mobilities, 
the mobility of the ions decreasing as the concentration increases, 
and this decrease is probably to a large degree due to the decreasing 
distance between the charged ions. If no other influence intervened, 
it is to be expected that the conductivity ratio would depend only 
on the type of salt and be independent of the ion carrying the 
charge. We know, however, that the so-called “ dissociating 
power ” of a solvent depends on the magnitude of its dielectric 
constant, whilst the latter is related to the molecular association 
of the solvent. The hydration theory suggested in this paper 
postulates a continuous decrease in the association of the solvent, 
and consequently a decrease in the dielectric constant, with increas¬ 
ing salt concentration, whilst the efficiency of the depolymerisation 
process varies with different anions. The conductivity ratio, 
therefore, should not only decrease as the concentration of salt 
increases, but it should do so at rates which depend on the sequence 
of the hydration numbers (see p. 186). For the potassium salts at 
semi-normal concentration at 18°, the order of the conductivity- 
ratios is that required by the hypothesis, viz,, KOI, 0*779; 
KBr, 0*786; KC10 S , 0*703; KN0 3 , 0*888. 

Experimental. 

The amyl alcohol was washed with dilute sulphurio acid and 
with water, dried over potassium carbonate, and distilled, the 
fraction boiling at 128—'132° being collected. The distribution 
coefficients were determined by shaking together 100 o.c. of the 
alcohol, 100 c.c. of the solution to be examined, and 1 o.o. of 
purified acetic acid at 25° until equilibrium was established. After 
the two phases had separated completely, the alcoholic layer was 
drawn off rapidly and the acid content determined by titration 
with N /20-barium hydroxide and phenolphthalein. Owing to the 
different nature of the two solvents it was found advisable to 
wash out the pipette with either .20 20 c.c. of 

purified ethyl alcohol, according as the aqueous or non-aqueous* 
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phase was being examined. In the latter case, the ethyl alcohol 
brought the amyl alcohol into complete solution and so facilitated 
the titration. It was necessary to carry out blank experiments 
on each batch of amyl alcohol, owing to slight variations of the 
coefficient with different samples (presumably due to differences 
in the proportion of the isomerides present). The average value 
of the coefficient alcohol’to water was 0*96. 

The viscosity measurements were carried out in an Ostwald 
viscosimeter at 20°, and whilst no outstanding accuracy is claimed 
for these results, all ordinary precautions were observed. 

Summary. 

The hydration of sucrose and some strong electrolytes has been 
determined from the distribution of acetic acid between their aqueous 
solutions and amyl alcohol. The results indicate that the hydr¬ 
ation is (over the concentration range examined) independent of 
dilution and is an additive property which may have either a 
positive or a negative value. 

A modified hydration theory is suggested according to which 
only kations are hydrated whilst anions depolymerise the solvent 
molecules. The first process tends to decrease and the second 
to increase the activity of the water. Hydration is therefore a 
composite effect, the salts having negative hydration numbers 
being those in which the influence of the anion predominates. 
Solutions of such salts have abnormally high vapour pressures. 

The hydration theory has been correlated with viscosity pheno¬ 
mena and a semi-empirical equation established by means of 
which hydration values can be calculated from viscosity data. 

A hydration correction has been applied to calculations of the 
4 4 degree of dissociation ” of strong electrolytes from freezing-point 
measurements, and evidence is adduced in favour of a cube root 
dilution law (1 — a) = Ktyn. Many salts have been shown 
to obey the law with great exactness, and those which do not 
do so are extreme cases in which the application of the correction 
is least certain. 

Corroborative evidence for the new theory has been obtained 
from a consideration of the conductivity ratios of a number of 
strong electrolytes. 

The author wishes to thank Messrs. Brunner Mond & Co. for a 
grant from their research fund which defrayed part of the cost of 
'investigation. 

College ,or Science and Technology, 

S.W. 7. [Received, May 28 th, 1926.] 
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XXIX .—Action of Acetylene Tetrabromide on Organic 

Bases. 

By James Davidson Fulton. 

The present investigation, in which the reagents were allowed to 
react in the absence of a solvent, was suggested by the action of 
nicotine on acetylene tetrabromide. The rotation of the solution 
changed rapidly from negative to positive and the solution became 
hot and coloured; after a few days a solid separated, whilst some 
oily matter remained. The latter, usually small in amount, was 
discarded in this and subsequent experiments. 

The interaction of aniline and acetylene tetrabromide at the 
ordinary temperature was investigated by Sabanejev (Annalen, 
1875, 178, 125), who obtained a number of products including 
acetylenetriphenyltriamine, C 20 H 17 N 3 . Schoop (Ber., 1880, 13, 
2196) obtained octamethyltetra-aminotetraphenylethane by heating 
dimethylaniline with acetylene tetrabromide for 8 days. Elbs and 
Neumann (J. pr. Chem., 1898, 58, 250) failed to substantiate all the 
findin gs of Sabanejev. In the above cases, the hydrobromide of 
the base also was obtained. Dehn (J. Amer. Chem. Soc., 1912, 34, 
286) has shown that the reaction of bases and acetylene tetrabromide ‘ 
in dry ether furnishes the hydrobromide and tribromoethylene 
quantitatively and that sunlight accelerates the reaction. 

In the present instance, in the case of tertiary bases additive 
compounds of the hydrobromide with acetylene tetrabromide were 
obtained. The influence of sunlight on their formation was not 
marked. Abnormal bromoaurates were obtained from nicotine 
and quinoline. 

Experimental. 

Acetylene tetrabromide (usually 2 or 3 mols.) was added to the 
base (1 mol.) in the cold. Solid hydrobromides were immediately 
precipitated from primary and secondary amines. With tertiary 
bases, a solid separated after a day or two. In the case of a-piooline, 
although reaction was apparent, no crystals appeared for weeks 
until the mixture was cooled in liquid air and again left. The solid 
product was filtered off, freed from oily matter, and crystallised 
from alcohol. The well-crystallised substances thus obtained were 
all soluble in cold methyl or ethyl alcohol and very soluble in the 
hot solvent; repeated crystallisation brought about a partial 
change to the hydrobromide. A single crystallisation from acetone 
or chloroform effeots this change almost completely. The compounds 
are sligh tly or not at all soluble in other common organic solvents. 
The total bromine and the ionisable bromine were estimated. 
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Water decomposes these compounds. Acetylene tetrabromide 
is liberated, and the supernatant aqueous solution contains the 
hydrobromide of the base, which was recognised, in the case of 
pyridine and quinoline, by analysis and melting point. 

The bromoaurates separated when hot alcoholic solutions of the 
additive compounds, to which auric bromide in alcohol had been 
added, were allowed to cool. 

Nicotine : C 10 H 14 N 2 ,2HBr,2C 2 H 2 Br 4 , needles, or rhombs by slow 
crystallisation, m, p. 178—180° (decomp.), softening at 140° 
(Pound : total Br, 79'0, Br', 15'9. Calc., 78‘7 and 15-7%, respec¬ 
tively). [«]&._ + 3-21° in alcohol (c = 5-3025). 

The bromoaurate, C w H 14 N 2 ,2HBr,AuBr 3 , forms dark red crystals, 
m, p. 183°, which are soluble in alcohol and slightly soluble in water 
(Pound : Au, 2605. Calc., Au, 25-9%). 

A more stable, less soluble compound, [a^groon + 6-96° in alcohol 
(c = 5-6025), m. p. 182—183° (decomp.), giving the same bromo¬ 
aurate (Pound : Au, 26-0%), was obtained by repeated crystallis¬ 
ation of the above and also from 1 mol. of the base and 1 mol. 
of acetylene tetrabromide [Pound: total Br, 64-4; Br', 32-3. 
(C 10 H 14 N 2 ,2HBr) 2 ,C 2 H 2 Br 4 requires Br, 64-4; Br',32-2%], 

Pyridine : C 5 H fi N,HBr,C 2 H 2 Br 4 , colourless crystals, m. p. 

* 108—109° (Pound: total Br, 79-15; Br', 16-05. Calc., Br, 79-05; 
Br',15-8%). 

The bromocmrate forms brownish-red crystals, m. p. 318—319° 
(Found: Au, 33-0. C 6 H 5 N,HBr,AuBr 3 requires Au, 33-0%). 

Quinoline : The product was washed with a little alcohol and 
ether. It softened at 115° and melted at 136° [Pound: total 
Br, 62-4; Br', 21-2. (C 9 H 7 N,HBr) 2 ,C 2 H 2 Br 4 requires Br, 62-7; 
Br', 20-9%]. This substance is analogous to the lead compound, 
(C 9 H 7 N,HBr) 2 ,PbBr 4 (Classen and Zahorski, Z. angew. Chem., 1891, 
4, 107). 

The bromoaurate forms dark red crystals, m. p. 171—172°, which 
are soluble in alcohol and slightly soluble in water [Pound: Au, 
23-0. (CgH 7 N,HBr) 2 ,AuBr s requires Au, 23-0%]. It is analogous 
to Fenner and Tafel’s chloro-compound (Ber., 1899,32,3227). 

isoQuinoline gave mostly its hydrobromide, m. p. 207° (Pound : 
Br, 38-0. Calc., Br, 38-1%). The additive compound, m. p. 
155—156°, was almost colourless and not quite pure [Pound: 
total Br, 61-4; Br', 22-5. (C 9 H 7 N,HBr) 2> C 2 H 2 Br 4 requires Br, 
62-7; Br', 20-9%]. 

The bromoaurate, obtained from the hydrobromide in dark red 
p. 223°, was normal (Pound: Au, 30-25. Calc, for 
A.uBr a , Au, 30-5%). 

b. p. 153—156° (regarded as 2 :4-dimethylpyridine): 
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Colourless crystals, m. p. 135—140° [Found : total Br, 66-7; Br', 
22*3* (C7H g N,HBr) 2 ,C 2 H a Br 4 requires Br, 66-5; Br', 22*2%]. 

oi-Picoline: C G H 7 N,HBr,C 2 H a Br 4 , colourless needles, m. p. 
104—105° (Found: total Br, 76*8; Br', 15-4. Calc., Br, 76*9; 
Br', 15*4%). 

Interaction of acetylene tetrabromide and piperidine, coniine, 
homopiperonylamine, menthylamine, hexamethylenetetramine, and 
phenylhydrazine gave rise to the hydrobromide only. Antipyrine 
dissolved in hot acetylene tetrabromide crystallised unchanged on 
cooling. Pyrrole also did not react. 

I desire to thank Professor T. S. Patterson for his interest in this 
work and for facilities to carry it out. 

The University, Glasgow. [Received, October 2nd, 1925.] 


XXX.— Heterogeneous Equilibria between the Sulphates 
and Nitrates of Sodium and Potassium and their 
Aqueous Solutions. Part I. The Ternary Systems. 

By Mohammed Abdul Hamid. 

During the course of an investigation of the quaternary system 
H 2 0-Na 2 S0 4 -NaN0 3 -K 2 S0 4 -KN0 3 at 25° and 90°, it became 
necessary to investigate and revise some of the ternary systems 
involved. The subjeot of the present paper is to record the data 
so obtained and to sum up briefly all other information available 
about the isothermal relations in the four ternary systems which 
form the basis of the above quaternary system. In the isotherms 
at 90°, only the invariant points have been determined. The 
solubilities of single salts have been selected from Seidell’s “ Solu- 
bilities of Inorganic and Organic Substances.” The vapour phase 
is always assumed to be absent and the whole subject is treated 
from the point of view of condensed systems at atmospheric 
pressure. 

Experimental. 

All the salts used were carefully purified by repeated crystallis¬ 
ation and their purity was checked by a number of analyses before 
use. Eor the determination of solubility* various complexes were 
vigorously stirred up to equilibrium in wide tubes immersed in 
water- and col-thermostats kept constant within <M>2° at 25° and 
within 0-2° at 80°. The usual time given was about 40 hours at 
25° and about 10 hours at 90°. The compositions of the solutions 
when equilibrium was established were determined by withdrawing 
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portions of them by means of pipettes heated previously to the 
temperatures of the baths, filtering, and weighing in stoppered 
bottles and analysing the solutions. The moist residue was weighed 
separately and analysed. The potassium ion was determined by 
the cobaltinitrite method, sulphate weighed as barium sulphate, 
and nitrate estimated by a modified method of Schlosing. All 
these methods were checked beforehand by a large number of 
estimations in mixtures of sodium sulphate, sodium nitrate, potass¬ 
ium sulphate, and potassium nitrate of known compositions. The 
amounts of sodium and water were determined by difference. In 


Pig. 1. 



some oases all the salts were converted into the chlorides and the 
analytical results checked in this way. 

The thermometers were all compared with those standardised 
at the National Physical Laboratory, Teddington. 

The System Water-Potassium Sulphate-Potassium Nitrate .—This 
belongs to the simplest type of ternary system, neither double 
salts nor salt hydrates occurring in it. The system at 25° is repre¬ 
sented graphically in Fig. 1, and the experimental data for the 
, two temperatures are in Table I. 

: ^ The system water-sodium nitrate-potassium nitrate has been worked 
Remders (. Proc . E. Akad. Wetensch . Amsterdam , 1914, 16, 
,|pip|^:25 0 . The compositions of the binary and ternary invariant 
90° are in Table II. 
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Table I. 


Composition by weight percentage. 
Solution. Rest. 


Temp. 

% K a S0 4 . 

% 

: '% KjSo 4 . 

% kno 3 ? 

Solid phases. 

25° 

10-74 

0 

— 

. — 

k 2 so 4 


8-85 

4-82 

— 

_ 



6-89 

11-05 

— 

— 



4-45 

23-99 

43-18 

36-75 

K a S0 4 -f KNO a 


1-98 

26-01 

— 

—. 

KM)* 


0 

27-97 

— 

• — 


90° 

18-57 

0 

— 

— 

k 2 so 4 

J> 

0-63 

65-92 

— 

— 

K 2 S0 4 + KNO a 

99 

0 66-90 — — 

Table II. 

Composition by weight percentage. 

KNOg 


% NaNO 
61-65 
37-57 

0 

3* 

% kno 8 . 

0 

45-26 

66-90 

Solid phases. 

NaN0 8 

NaN0 8 + KNOa 

KNT0 3 


The system water-potassium sulphate-sodium sulphate is com¬ 
plicated by the existence of a double sulphate of sodium and 
potassium known as the mineral glaserite. As to the composition 
of this compound, there have been controversies from time to time. 
Its correct composition was first reported by Penny (PM. Mag., 
1855, 10, 401), who assigned the formula 3K2S0 4 ,Na 2 S0 4 to it 
and after whom it is sometimes called Penny’s double salt. Penny’s 
results were corroborated by some authors, whilst several double 
sulphates of sodium and potassium of different compositions were 
subsequently described by various investigators. A complete 
literature on this subject can be found in a paper by Retgers 
{Z. physikal. Ghent., 1890, 6, 205). van 5 t Hoff and Barschall 
{Berlin. Sitzmgsber 1903, 359; Z. physikal . Ghent., 1906, 56, 212) 
put forward the view that glaserite is an extreme limit of a series 
of solid solutions saturated with potassium sulphate having the 
composition K a Na{S0 4 ) 2 . Nacken {Berlin. Sitzmgsber., 1910, 
1016) has confirmed the existence of the double salt K a Na(S0 4 ) 2 
and has found that it dissolves sodium sulphate as a solid solution 
up to a certain extent. His results have been confirmed recently 
by Okada {Mem. Coll . Sci., 1914,1, 95). Whereas Nacken assumes 
that the solubility of sodium sulphate in glaserite increases with 
temperature, Okada has shown that it increases to a temperature 
of 60°, where it reaches a maximum, and above that temperature 
the field of solid solutions becomes narrower again. The system 
H 2 0-K 2 S0 4 -Na 2 S0 4 at 25° and 90° is shown in Pigs. 2 and 3 
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ar?h? mfe HI^ tMs SJStem at these two temperature* 

Table III. 


Temp, 

25° 


90° 


■ % Na s S0 4 . 

% K a SO<. 

21-84 

0 

19-93* 

7-06 

6-58* 

11*27 

0 

10*74 

29-90 

0 

27-05 

8*33 

9-23 

14*97 

0 

18*57 

Moyorhoffer and Saunders, 


Solid phases. 
Na 2 SO 4 ,10H 2 O 

/jNajSOj.lOHjO + mixed crystals of 
1 KsNa(S° 4 ) 2 and Na s SO. 

K 2 S0 4 + K 3 Na(S0 4 ) 2 

Na 2 S0 4 

/Na 2 S0 4 + mixed crystals of Na 2 S0 4 
\ and K s Na(S0 4 ). 

$£« + K s Na(S0 4 ) 2 






I!,% ^ 

The points H and G (Figs. 2 and 3) represent the compositions 
° ^ re „ au “ er 8 sa ^ an< * P ure glaserite, respectively. The point 
G (Fig. 2) represents the composition of the solid solution con¬ 
taining the maximum amount of sodium sulphate which glaserite 
oan dissolve at 25°. Similarly the point G" (Fig. 3) represents the 
composition of the solid solution which is formed by di s s o lving the 
maximum amount of sodium sulphate in glaserite at 90° The 
compositions of G, G', and G" are given in Table IV, both in terms 
of weight (w) and molar (m) percentages. 


Table IV. 


Comp, of Gr„ 

Comp, of G'. 


Temp. 25°: K„S0 4 . Na 2 S0 4 . 

m . 76-0 25-0 

. 78*6 21*4 

KjSO.. Na 2 s6 4 . 

71-7 28-3 

75-7 24-3 

im 

3*3 

2*9 

: ■ Comp, of G. 

Comp, of G". 


t 90° S ■, : K s so 4 . : m 2 so 4 . 

• •' ■ 75-0 , 25-0 

' 21*4 

70*5 29*5 

74*6 25*4 

Biff. 

4*5 

4*0 
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The above values of G' are taken from Nacken and Okada and 
those of G" interpolated from Okada’s results. It will be seen 
from the isotherms at 25° and 90° (Figs. 2 and 3) that the solutions 
l and l x are in equilibrium with Glauber’s salt and G' in one case, 
and with sodium sulphate and G" in the other. The solutions all 
along the curves Ik and l x k x are in equilibrium with solid solutions 
whose compositions vary between G and G' in one case and between 
G and G" in the other. It may be mentioned that glaserite is not 
known to form any solid solutions with potassium sulphate. 


Fig. 4. 



1917, 92, 364) at a number of temperatures. In addition to a 
hydrated double salt of the formula NagSO^NaNO^I^O, commonly 
known in Chile as the mineral darapskite, Massink describes an 
anhydrous double salt of the formula 3NalSr0 3> 4Na2S04 at 25°. No 
evidence of this double salt could be obtained at this temperature. 
The only double salt that exists at 25° is the hydrated double salt, 
darapskite, which breaks up at higher temperatures, and at 90° 
the only stable solid phases in the system are the two anhydrous 

h* 2 
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salts, sodium sulphate and sodium nitrate. The system at 25° 
is shown in Tig. 4, and the data for this system at the two tem¬ 
peratures are in Table V. 


Table V. 

Composition by weight percentage. 
Solution. Rest. 


Temp. 

NaJsO*. 

To 

NaN0 3 . 

Na~jS0 4 . 

NaN0 3 . 

Solid phases. 

25° 

21-84 

0 

— 

— 

Na 2 SO 4 ,10H 2 O 

it 

17-52 

7-48 

23-37 

6-15 

it 

it 

15*70 

23*43 

24-82 

16-58 

Na 2 SO 4 ,10H 2 O + Na a SO 

it 

15*43 

24*06 

34-43 

18-40 

Na 2 S0 4 

it 

14*15 

25*96 

39-87 

20*45 

Na 2 S0 4 4- 

it 

11-88 

28-46 

30-00 

31*05 


it 

9-04 

32-68 

27-44 

33-46 

a 

it 

5*42 

39*71 

29-39 

37-52 

it 


3-01 

46-87 

24-63 

62-90 

+ NaN0 3 

it 

0 

47-69 

— 

— 

NaN0 3 

90° 

29*90 

0 

— 

— 

Na 2 S0 4 

it 

2-53 

58-66 

— 

— 

Na 2 S0 4 + NaN0 3 

It 

61*65 

0 

— 

— 

mho* 


„ oi*oo u — — 

Composition of D 1 = Na a S0 4 , 57-96%; NaN0 3 , 34-68%; H 2 0, 7-36%. 


The points H and (Fig. 4) represent the compositions of pure 
Glauber’s salt and pure darapskite, respectively. The point D a 
(Fig. 4) represents the composition of the supposed anhydrous 
double salt of Massink and the point d his supposed ternary iso¬ 
thermal invariant point at which, according to him, the solution 
is in equilibrium with darapskite and the anhydrous double salt 
D a . Not only has this solution been found to be saturated with 
darapskite alone, but on isothermal evaporation of unsaturated 
solutions at 25° which theoretically ought to have deposited the 
anhydrous double salt D 2 , if it could exist, darapskite has been 
found to be precipitated as the first solid. Thus an unsaturated 
solution of the composition % (Fig. 4) on evaporation at 25°, accord¬ 
ing to Massink, should deposit the anhydrous double salt D 2 as ihe 
first solid and should continue to do so until the point d is reached. 
This it does not do. Instead, however, it deposits darapskite, 
which comes down in very fine, needle-shaped crystals, readily 
distinguishable with the naked eye. Besides the double salt D 2 , 
Massink ( loc . cit.) describes another anhydrous double salt of the 
formula 3NaN0 3 ,2Na 2 S0 4 at 35°. It may be noted that he has 
determined the compositions of these two anhydrous double salts 
from one or two analyses of the solution and the wet residue in 
eaae, which in themselves are not sufficient. The improbability 
l^lil^existence of these two anhydrous double salts in this system 
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alleged by Massink himself that these two anhydrous double salts 
do not exist at lower temperatures. According to him, the tran¬ 
sition temperatures which mark the lower stability limits to the 
existence of the two anhydrous double salts lie somewhere between 
20° and 35°. Further, it has been shown by Schreinemakers (Z. 
physikal. Chem., 1909, 65, 553) that if two anhydrous salts can 
form an anhydrous double salt at a certain temperature in the 
binary system, formed by these two salts, they will do so at the 
same temperature in all ternary systems formed by the addition 
of any liquid component to the above binary system, and the 
solubility curves of the two salts will be interrupted by that of the 
double salt in all these systems at this temperature. The converse 
of this principle has been very recently applied by Freeth (j. 
Physical Chem., 1925, 29, 1497) in the deduction of the type of a 
two-component system by the addition of a third component, 
from which it follows that if above a certain temperature in the 
ternary system H 2 0-Na 2 S0 4 -Na]Sr0 3 the solubility curves of sodium 
sulphate and sodium nitrate are interrupted by that of an anhydrous 
double salt, this will be the case also in the binary system Na 2 S0 4 - 
NaN0 3 . Since the solution does not participate in the formation 
of the anhydrous double salt, the transition temperature of this 
binary compound is independent of the number of components of 
the system, i.e., it is the same in all systems whether binary, ternary, 
or quaternary. It is clear, therefore, that at temperatures above 
35° the two anhydrous double salts of Massink, if they can exist 
at all, must be formed in the ternary system H 2 0-Na 2 S0 4 -NaN0 3 
as also in the binary system Na 2 S0 4 -NaN0 3 . From an investig¬ 
ation of the quaternary system H 2 0-Na 2 S0 4 -NaN0 3 -K 2 S0 4 -KN0 3 
at 90° the author has been led to the conclusion that no such double 
salts exist in the ternary system H 2 0-Na 2 S0 4 -NaN0 8 at this tem¬ 
perature, the only solid phases being the two anhydrous salts, 
sodium sulphate and sodium nitrate. This is in complete accord 
with the very recent investigations of Perman and Harrison (J., 
1924,125, 366) of the binary system Na 2 S0 4 -NaN0 3 . 

The author wishes to express his thanks to Professor F. G. 
Donnan, F.R.S., for his kind help and interest during the course 
of this investigation. 

The William Ramsay Inorganic and 
Physical Chemistry Laboratories, 

University College, London. [Received, December ls«, 1925.] 
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XXXI .—Heterogeneous Equilibria between the Sulphates 
and Nitrates of Sodium and Potassium and their 
Aqueous Solutions. Part II. The Quaternary 

System H 2 0-Na 2 S 0 4 -XaX0 3 -K 2 S0 4 -EJSf0 3 . 

By Mohammed Abdul Hamid. 

Beyond tlie observations of some early investigators of the slow 
dissolution of potassium nitrate in saturated sodium sulphate 
solutions with the precipitation of sodium or potassium sulphate 
after a long time and of the ease with which sodium nitrate dissolves 
in solutions of potassium sulphate, no attempt seems ever to have 
been made to study the equilibria involved in the reciprocal salt 
transformation 

Na 2 S0 4 + 2KN0 3 ^ 2NaJTO 3 + K 2 S0 4 . 

The quaternary system formed by the addition of water to the 
two salt pairs, Na 2 S0 4 ~EUST0 3 and ]STaN0 3 -K 2 S0 4 presents certain 
features of interest and is of special importance in the determin¬ 
ation of the most suitable conditions for the separation of the 
nitrates of sodium and potassium from the sulphates of these metals, 
with which they are found contaminated in nature in various parts 
of the world.* 

The various binary and ternary systems which form the basis of 
the above quaternary system have been described in Part I (pre¬ 
ceding paper). All the binary and ternary compounds which occur 
in the ternary systems occupy definite saturation surfaces in the 
quaternary system. In addition to these binary and ternary com¬ 
pounds at 25°, a compound occurs in the quaternary system, the 
composition of which it has not been found possible so far to deter¬ 
mine. It occupies a definite saturation surface in the quaternary 
system, and further evidence on which the conclusion of its existence 
is based will be found in the following pages. The isotherm at 90° 
does not contain the saturation surface of this compound. There 
is therefore no doubt that it splits up at some temperature below 
90° into its simple constituents. 

Graphical Representation .—In order to represent graphically the 
experimental results, Schreinemakers’s pyramidal method of repre¬ 
sentation (Z. physihal . Chem ,, 1909, 69, 557) has been used. Use 
has also been made of the various projection methods (ibid., 1907, 

Nitrate 
Indian 
j Manu- 
Ledger, 


* See “Report on a Programme of Investigation for the Chilean 
1921, by Professor F. G. Donnan; the Report of the 
Comiaission, 1916-18, Appendix F ; and a Report on th< 
imposition of Indian Saltpetre by Hooper (Agricultural 
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Table I. 

The. System H 2 0-Na 2 S0 4 -NaN0 3 -K 2 S0 4 -KN0 3 at 25°. 


Composition in molar percentages. 


Point. / Na 2 S0 4 . 

Na 2 (N0 3 ) 2 . 

k 2 so 4 . 

K 2 (N0 3 ) 2 

. Solid phases. 

a 

3*42 

— 

— 

— 

Na 2 SO 4 ,10H 3 O 


2*85 

1*02 

— 

— 

:Na 2 SO 4 ’l0H 2 Q + Na„S0 4 

b 

3*05 

3*80 

— 

— 

l 

3*35 

— 

0*96 

— 

Na 2 SO 4 ,10H 2 O + D 2 

m 

2*89 

2*75 

0*74 

— 

3STa 2 SO 4 ,10H 2 O + Na.SO* + D, 


3*01 

3*92 

— 

— 

Na 2 S0 4 

c 

2*78 

4*27 

— 

— 

3Sfa 2 S0 4 -j- Dj 


2*76 

4*44 

0*67 

— 

3STa a S0 4 ~f~ Dt 4* D 3 

n 

2*66 

4*49 

1*27 

— 


2*34 

4*70 

— 

— 

d x 


1*82 

5*51 

— 

—. 

it 


1*15 

7*04 

— 

— 

it 

e 

0*68 

8*63 

— 

— 

*f NalSTOg 


0*74 

8-47 

’— 

0*23 

D x + NaNOj + T 

r 

1*05 

7*91 

—. 

0*60 

f 

__ 

8*81 

— 

— 

NaNO a 



8*97 

— 

0*40 

pf 


— 

9*03 

—. 

0*80 



— 

9*10 

— 

1*59 



_ 

9*18 

— 

2*36 

NaNO s + KNO s 

g 

■_ 

9*31 

— 

3*58 


1*17 

8*36 

— 

1*69 

ISTaNOg 4 * I* 


0*77 

8*97 

— 

3*20 


s 

0*67 

9*10 

— 

3*63 

NaN0 8 + KNO, + T 


— 

5* 78 

—* 

3*39 

kno 3 


— 

3*94 

— 

3*26 

it 


— 

2*01 

— 

3*17 

>» 


— 

1*52 

— 

3-18 

tt 


— 

1*02 

— • 

3*20 

?* 


— 

0*51 

— 

3*26 

tt 

h 

— 

— 

— 

* 3*34 



— 

— 

0*28 

3*11 

KN 0 8 + K 3 S 0 4 

i 

— 

— 

0*62 

2*89 



— 

0*85 

1*18 

k 2 so 4 


■ — 

— 

1*04 

0*49 

99 

j 

— 

— 

1*23 

-— 


h 

0*83 

— 

1*34 

— 

k 2 so 4 4 * r > 3 


1*18 

— 

1*09 

0*44 

99 


1*09 


0*89 

0*69 

99 


0*99 

■— 

0*32 

1*75 

99 

V 

— 

1*16 

0*92 

2*70 

K fi S0 4 4B 3 4 KNOg 


— 

2*12 

0*99 

2*32 

D z + KNO a 


— 

4*91 

1*33 

1*82 

99 

'-$■ 

— 

7*91 

1*61 

1*65 

D. + KNO a + T 


— 

8*47 

0*96 

2*32 

KNO s + T 


1*63 

5*42 

1*60 

— 

4" 13? 


1*08 

6*35 

1*92 


it 


0*75 

7*13 

2*09 

__ 

p9 


0*13 

8*32 

2*30 


tt 

P 

—. 

9*13 

2*27 

0-41 

4* -D? 4“ T. 


"*—■ 

8*82 

1*90 

0*84 

D 8 -f T 


= NajSO^ANOs.HjO. D 2 = K s Na(SO«)j. T -= I.,. 


59, 663) for the confirmation of solid phases by the ** rest method ” 
in oertain parts of the system. It may be pointed out that by the 
term, orthogonal projection, is meant a projection made on to the 
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ground plane by means of parallel lines perpendicular to the base 
of the pyramid. 

The experimental and analytical methods used were the same as 
described in Part I, The data for the system H 2 Q-NaN0 3 -KN0 3 
at 25° are taken from Reinders ( Proc . K. Akad. Wetensch . Amsterdam, 
1914,16, 106). 

The Isotherm at 25°.—The compositions of the binary, ternary and 
quaternary solutions saturated at this temperature are expressed 
in g.-mols. of the various salts per 100 g. of the solution in Table I. 
The molecular formulas of sodium and potassium nitrates have 
been doubled in order to give them equal replacing powers with 
sodium and potassium sulphates. 

The Orthogonal Projection. —For the further discussion of the 
system, we shall use the orthogonal projection which is shown in 
Figs. 1 and 2. The apex, W, of the pyramid which represents pure 
water projects to the point w in these figures. The four ternary 
isotherms which form the boundary of the quaternary isotherm are 
shown in this projection separately in Fig. 1. As has been pointed 
out in Part I, the point l represents a ternary isothermal invariant 
solution which is in equilibrium not with Glauber’s salt and glaserite, 
but with Glauber’s salt and a solid solution of glaserite and sodium 
sulphate of the composition K 2 S0 4 = 78*6%, = 21*4%. 

This introduces no new complication in the quaternary system 
provided there is always an excess of sodium sulphate present in 
the solid phase to form the solid solution of glaserite and sodium 
sulphate of the above composition. Strictly speaking, therefore, 
where glaserite is mentioned as a solid phase along with sodium 
sulphate, its composition is given by the above value. The differ¬ 
ence between the composition of glaserite and that of its solid 
solution is not, however, very large and for all practical purposes 
glaserite may be assumed to be of the constant composition 
K 3 Na(S0 4 ) 2 . It may be seen that the line joining the point repre¬ 
senting the composition of pure glaserite to the origin (apex in the 
space model) cuts the saturation curve of potassium sulphate and 
not that of glaserite. Glaserite is therefore decomposed by water 
and the ternary invariant solution l is incongruently saturated. 

In order to show the positions of the quaternary saturation sur¬ 
faces of Glauber’s salt and sodium sulphate and the quaternary 
isothermal invariant point m more clearly in the projection, the 
ternary saturation curve ab of Glauber’s salt in the system H 2 0- 
Na 2 S0 4 -Na-N0 3 is drawn as a straight line in Fig. 2, although the 
actual form of the curve is that shown in Fig. 1. 

WThe darapskite field is enclosed by the curves ce, er 9 rp, pn, and 
^.Here again the line joining the point representing the com- 
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position of pure darapskite to the origin passes through the Glauber’s 
salt and glaserite fields and not through that of darapskite. Darap¬ 
skite also is therefore decomposed by water. 

Fig. 1. 

A ” 


/ 

/ 

/ 



& « f 



} 


K ^ 3 

Fig. 2. 

The quaternary saturation curves er, rs, and sg mark the inner 
boundary limit of the sodium nitrate field. The composition of the 
solution containing the maximum amount of potassium nitrate, 
which the ternary invariant solution e in contact with darapskite 
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and sodium nitrate can dissolve, is given by the point $. The 
same quaternary solution s is obtained when an excess of either 
sodium or potassium sulphate is added to the ternary invariant 
solution g in contact with excess of solid sodium and potassium 
nitrates. 

The point v (Fig. 2) represents a quaternary invariant solution 
in equilibrium with three solid phases, potassium sulphate, glaserite 
and potassium nitrate. The composition of this solution, as will 
be seen from the position of the point v in Fig. 2, cannot be repre¬ 
sented in terms of the solid phases with which it is in equilibrium. 
This solution is therefore incongruently saturated. 

On the addition of sodium nitrate to the solution v in contact 
with glaserite, potassium sulphate and potassium nitrate, the 
following reaction occurs : 

NaN0 3 + 21^0^ = K 3 Na(S0 4 ) 2 + KN0 3 . 

This reaction does not affect the composition of the quaternary 
invariant solution v, so long as there is any solid potassium sulphate 
present in contact with the solution. When so much of the sodium 
nitrate has been added that the whole of the solid potassium sulphate 
which was present in contact with the solution v is converted into 
glaserite and potassium nitrate, it disappears as a solid phase and 
the system acquires a degree of freedom. The point representing 
the compositions of the monovariant quaternary solutions then 
traverses the curve vq on the additions of increasing quantities of 
sodium nitrate to the solution v. The two solid phases in equilibrium 
with all quaternary solutions, the compositions of which are repre¬ 
sented by points on the curve vq between the points v and q, are 
glaserite and potassium nitrate. When so much of the sodium 
nitrate has been added that the composition of the quaternary 
solution is represented by the point q } a distinct halt occurs in the 
movement of the point representing the compositions of the quater¬ 
nary solutions, and further additions of sodium nitrate do not change 
the composition of the solution q, so long as there is sufficient 
glaserite present in contact with it. It is the persistence of the 
constant composition of the solution at q in contact with solid 
glaserite and potassium nitrate with increasingly small additions of 
sodium nitrate that leaves no doubt as to q being an invariant 
point. 

The above facts combined with the positions of the curves up and 
pq all point to the existence of a new solid phase in the quaternary 
astern. Before describing the various attempts that have been 
determine the nature of this new solid phase, we shall sum 
meanings of the various curves and surfaces in the 
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quaternary isotherm at 25°. The letter T stands for the new solid 
phase. 


aZmb is the saturation field of Glauber’s salt. 


bcnm 

cnpre 


rpqs 


1c}iv 
Mmnpqv 


sodium sulphate, 
darapskite. 
sodium nitrate. 

T 

potassium nitrate, 
potassium sulphate. 

glaserite and solid solutions of glaserito and 
sodium sulphate. 


Quaternary curves : 


bm is the saturation 
bn „ „ 

nvn ft tt 

cn tt - tt 

np tt . „ 

er „ „ 

rp tt tt 

ra „ ,, 

gs t, „ 

„ » 
pq „ 

qv „ „ 

iv ft f, 

kv ft ft 


curve of Glauber’s salt and sodium sulphate. 

„ Glauber’s salt and glaserite. 

„ sodium sulphate and glaserite. 

„ sodium sulphate and darapskite. 

„ darapskite and glaserite. 

„ darapskite and sodium nitrate. 

„ darapskite and the compound T. 

„ sodium nitrate and the compound T. 

„ sodium nitrate and potassium nitrate. 

„ potassium nitrate and the compound T. 

„ glaserite and the compound T. 

„ .glaserite and potassium nitrate. 

„ potassium sulphate and potassium nitrate. 

„ potassium sulphate and glaserite. 


The saturation curves and surfaces intersect in points representing 
solutions which are saturated with three solids. These quaternary 
invariant points are m, n, p, q, r, s, and v. The actual compositions 
of these solutions as well as the solids with which they are in 
equilibrium will be found in Table I. 

The Nature of the Phase T .-—The improbability of the existence 
of any compound other than darapskite of sodium sulphate and 
sodium nitrate has been pointed out in Part I. The positions of 
the various quaternary invariant points and those of the quaternary 
saturation curves and the existence of the enclosed area rpqs in 
Kg. 2 point clearly to the formation of a definite compound in the 
quaternary system. That this is essentially a quaternary compound, 
a triple or a tetragenic double salt, is indisputable. Attempts to 
isolate it by the evaporation of unsaturated solutions have proved 
fruitless. It will be seen by reference to Pig. 2 that points in the 
area rpqs represent solutions which are saturated with one solid 
only, viz., the compound T. The points representing the composi¬ 
tions of unsaturated solutions which will deposit this compound on 
isothermal evaporation as the first solid also project on to this area 
in the orthogonal projection. The compositions of all such unsatur- 
ated solutions which will deposit T as the first solid on evaporation 
cannot be read directly from this projection. JanecWs method of 
representation ( u Gessattigte Salzlosungen ”) is of inestimable value 
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for this purpose. A part of the Janecke diagram is shown in Fie 3 

from Ine ^ 0 ^ Procedure unfortunately suffers 

£Ta™ oiTI. rf “‘ V ‘f 6 S0l "™‘^»' «■»«■ -STS 

t ™“! f P t f um and sodium nitrates decreases with rise of 
temperature and oo^aeatly sodium selplrate ie 

Fig. 3. 
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I WS&ztssszzf&m r j- Jd T fa 
W*m<~ - 






SULPHATES AND NITRATES OF SODIUM, ETC. PART II. 213 

necessitates the measurements of the vapour pressure of the hydrated 
double salt, darapskite, as well as those of the saturated solutions at 
this temperature (op, cit,). 

The Isotherm at 90°.—The isotherm at 90° is not so complicated 
as that at 25°. The only double salt that occurs in the system at 
this temperature is glaserite. All others seem to break down at 
temperatures below 90°. In the ternary systems, only the invariant 
points have been determined, and although the ternary curves have 

Fig. 4. 





not been followed completely, it is probable that in most cases thS^v 
are not very different from straight lines. Furthermore, as the 
quaternary curve l x x is practically a straight line, there is no doubt 
that the hydrated double salt, darapskite, in the ternary system 
a 2 S0 4 -NaN0 3 and the compound T in the quaternary system 
split up into the simple salts at temperatures lower than 90°. The 
isotherm is shown in Fig. 4 as the orthogonal projection of the space 
model, and the data for the system at this temperature are in 
Table II in terms of molar percentages. 
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Table II. 

The System H 2 0 -Na 2 S 0 4 -NaN 0 3 ~*K 2 S 04 ~KlN 03 at 90°. 


Composition in molar percentages. 


wni. 

Na 2 S0 4 , 

Na a (N0 3 ) a . 

k 2 so 4 . 

K s (NO s ) a 

Solid phases. 


5-13 


— 


Na 2 S0 4 

h 

» 4-98 

— 

1-25 

— 

Na 2 S0 4 + I) 2 


1*39 

4*72 

2*19 

— 



— 

6*65 

2*04 

0-41 

** 

X 

— 

14*29 

0*64 

8*34 

Na a S0 4 + D a + NaNO, 

y 

0*71 

13*72 

— 

— 

Na 2 SOi 4* N&NOj 

A 

— 

14-67 

— 

— 

NaN0 3 

01 

— 

15*81 

— 

16-02 

NaNTO s + KN0 3 

Z 

— 

16-20 

0*70 

14-96 

NalSTO* + kno 3 + D a 


— 

12*17 

0*67 

14*78 

kno 3 + o* 

K 

— 

— 

— 

15-26 

kno 3 

H 

— 

— 

0-16 

14-89 

KNO s 4- K 2 S0 4 

ii 

— 

— 

2*37 

— 

k 2 so 4 


1*49 

— 

1-97 

— 

K 2 S0 4 + D a 


— 

4-16 

0-59 

14-78 

k„so 4 + d 2 + kno 3 


D 2 = K 3 Na(S0 4 ) 2 . 


The author is indebted to Professor P. G. Donnan for his very 
kind help and interest during the progress, of this work. 

The William Ramsay Inorganic and 
Physical Chemistry Laboratories, 

University College, London. [Received* December 1 st , 1925.] 


XXXII.— Preparation, Hydrolysis and Reduction of the 
Fluoro~ 9 Chloro- 9 and Bromo-benzyl Bromides . 

By John Baldwin Shoesmith and Robert Henry Slater. 

In previous communications (J., 1922,121,1392; 1923,123, 2828; 
1924,125,1312, 2278) an account was given of the manner in which 
the reactivity of halogen atoms in various halogenated benzenoid 
derivatives is influenced by oxygen and by the hydrogen of a methyl 
group. The investigations have been continued with a view to 
discovering the ©Sect of fluorine, chlorine, and bromine in such 
compounds. Prom the point of view of the principle of induced 
alternate polarities the halogens, except fluorine, appear to act as 
weakly negative " key-atoms ” (as pointed out by Lapworth, 
Mem. Manchester Phil . Soc., 1920, 64, No. 3). The present investig¬ 
ation has shown that (1) fluorine is capable of inducing differences 
of reactivity very s i m i lar to, but smaller than those met with in the 
cases of the metboxybenzyl bromides (J., 1922,121, 1392) and the 
<a-bromoxylenes (J., 1924, 125, 2278) and (2) chlorine and bromine 
still smaller differences, and the chloro- and bromo-benzyl 
5 -iplBMes provide the first examples encountered in this series, in 
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which a change of reagent does not cause a change in the order of 
reactivity. 

The order of ease with which the bromides lose their bromine as 
bromidion in solution in aqueous alcohol is: (1) p-fluorobenzyl 
bromide > benzyl bromide >o-fluoro->^-fluoro-; (2) benzyl bromide 
>35-chloro->o-chloro->m-chloro-; (3) benzyl bromide>p-bromo- 
> o-bromo- >m-bromo -. The order of ease of reduction by hydriodic 
acid is : (1) o-fluoro- >m-fluoro- >benzyl bromide>#-fluoro-; 

(2) o-chloro- >jp-chloro- > m-chloro- > benzyl bromide; and (3) 
o-bromo- > p-bromo- > w-bromo- > benzyl bromide. The differences 
of ease of hydrolysis are quite marked. Those of ease of reduction 
are small, but several repetitions of the experiments led to the same 
order of reactivity and, as is seen from the above, the order of ease 
of reduction of the ehloro- and bromo-compounds is not analogous 
to that discovered in the cases of the methoxybenzyl bromides, the 
(D-bromoxylenes, and the fluorobenzyl bromides. 

A series of experiments was undertaken to see if this non-reversal 
of the order of reactivity is due to any of the following causes : (a) 
removal of halogen from the nucleus, (6) liberation of iodine as 
follows : (1) R*C 6 H 4 *CH 2 Br + HI R-C 6 H 4 -CH 2 I + HBr. (2) 
2RC 6 H 4 *CH 2 I R*C 6 H 4 *CH 2 'CH 2 ‘0 6 H 4 E (compare Silberrad, J., 
1924, 125, 2196), and (c) the more rapid formation of the iodide in 
the case of the para-isomerides and subsequent reduction of the 
iodides by hydriodic acid. The bromides were reduced for a long 
time, but the slight elimination of nuclear halogen then noted was 
not sufficient to reverse the discovered order of reactivity when 
correction was made for it. Reaction (2) is a photochemical one 
and does not take place in a dark thermostat such as was used in 
these experiments. In order to test (c), the bromobenzyl iodides 
were prepared; they were reduced by hydriodic acid at the same 
rate as the corresponding bromides. Thus it appears as if the 
conversion of the bromide into iodide is due to a mass-action effect 
and, owing to the concentration of hydriodic acid used, goes almost 
equally rapidly in all cases. Some of the iodides lose iodine more 
rapidly than their isomerides, and when a change in order of re¬ 
activity with change of reagent takes place alternating polar 
influences are very strong, e.g., in the methoxybenzyl bromides. r 

An approximate estimate of the magnitude of the tha^e mfluerw 
which affect the reactivity of the bromine atom in the bromides, 
namely, the general (represented by g) 3 the alternating {represented 
by &), and the so-called steric influence (represented by a), may be 
arrived at from considerations similar Ip those put forward by 
Fliirscheim (J., 1909, 95, 726). A comparison by means of reaction 
velocities, which is the most satisfactory method, is impossible, 
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because only during tbe hydrolysis of o- and m-fluorobenzyl bromides 
and also of the isomeric nitrobenzyl bromides (Shoesmith and 
Hetherington, J., 1924, 125, 1316) were the reactions slow enough 
to give monomolecular velocity coefficients. The reduction of the 
bromides, moreover, is not the simple bimolecular reaction 
investigated by West in the case of bromomalonyl compounds 
(J., 1924, 125, 710). The reciprocals of the times taken for half¬ 
completion of the reaction in the various cases may be used to 
obtain the necessary comparison. 

If E 0> E m , K p and E u represent the reciprocals of the times taken 
for half-completion of the reactions for the ortho-, meta-, para- and 
unsubstituted compounds, respectively, the manner in which the 
velocities of the reactions are affected by the three influences 
mentioned above may be expressed by the following equations : * 

log 3 o E 0 = log 10 E u + g + a + s. 
log 10 log 10 E u + g — a. 
log 10 Kp = log 10 E u + g +a, 
and hence 

9 = i( lo gio K rn + log 10 E p - 2 log 10 K u ), 
a = i(log 10 K p — log 10 E m )> 
and s = log 10 E 0 — log 10 E p . 

Obtained from graphs plotted from observations recorded in 
this and previous communications, the reciprocals of the various 
times taken for half-hydrolysis (x) and half-reduction (y) at the 
temperatures stated are summarised in Table I, on which the 
following remarks are based : 

The general effect . The order in which the atoms or groups affect 
the reactivity of the bromine (a) towards hydrolysing agents in a 
general way is OMe, Me, F, Cl, Br, C0 2 H, N0 2 , ranging from the 
strongly enhancing methoxy-group to the strongly retarding nitro- 
group, and (6) towards hydrogen iodide is OMe and Me, Cl, Br, C0 2 H, 
and F. In the latter case, only the methoxy- and the methyl-group 
have an appreciable general influence on the reduction velocity. 
The strong general influence of the methoxy-group is noteworthy. 

The alternating effect . The order in which alternation towards 
hydrolysing agents is produced is similar to that given above (a ); in 
this case, however, the magnitudes of the effect may be compared. 
The order is OMe>F>Me>Cl>Br >C0 2 H>N0 2 . The differences 
observed in the first five cases, i.e., negative groups, have positive 
values, whilst in the last two, i.e., positive groups, they have negative 
. values. For reduction, the order is OMe and Me>C0 2 H>F, Cl, 

,||f f*.t^arithms are used in order that the expressions shall finally involve 
a quotient as the ease may be. 
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and Br. Here the differences in the cases of the OMe, Me and E 
compounds have positive values and in the other cases negative 
values. According to the principle of induced alternate polarities 
the sign of the difference is determined by the positive or negative 
character of the substituents, and the reduction of the chloro- and 
bromo-benzyl bromides is the only case so far met with in this 
series in which the sign of the difference is other than was expected. 

The steric effect. The values obtained for s show that this effect 
in some cases diminishes and in other cases increases the reactivity, 
the former being observed in the hydrolyses, the latter in the 
reductions. Therefore the retarding of the reactions cannot be due 
to steric hindrance as normally conceived, and the results justify 
the conclusion that there is a disturbing factor governing the 
reactivity of ortho-compounds (see Lapworth and Shoesmith, J., 
1922,121,1394). 

The influence of atoms or groups of atoms having the same 
electronic shell may be compared also, since the maimer in which 
the methyl and the methoxy-group and the fluorine atom each 
affect the reactivity of the bromine atom of the -C 6 H 4 ’CH 2 Br group 
has been investigated. The order of potency is OMe>Me>F, 
except in the case of alternation of hydrolysis, for which the order 
isOMe>F>Me. 

Experimental. 

Preparation of the Isomeric CMorobenzyl Bromides .—The most 
reliable method of preparing the ortho- and para-isomerides is 
indicated by the scheme ; 

C b H 4 C1-CH 3 c 6 h 4 ci-chci 2 ^ C 6 H 4 C1-CH0 

4 eoh 

C 6 H 4 Cl-CH 2 Br C 6 H 4 C1-CH 2 -0H 

The appropriate chlorotoluene, mixed with 5% of its weight of 
phosphorus pentachloride, was chlorinated at 160° until the required 
increase in weight had taken place. The oil thus obtained was 
boiled with twice its bulk of 98% formic aoid (d 1-20) for J hour, 
the mixture poured into an excess of cold water, and the oil separated, 
dissolved in ether, washed twice with water, and once with aqueous 
sodium hydroxide. The aldehyde was precipitated as the bisulphite 
compound, which was carefully washed with ether, dissolved in 
water, and the pure aldehyde liberated by the addition of excess of 
sodium carbonate. It was converted into the alcohol (o-, m. p. 70°; 
72°) by treatment with 25% alcoholic potassium hydroxide, 
into the bromide by means of hydrogen bromide in benzene 
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o~Chlorobenzyl Bromide is an oil, b. p. 102°/9 mm. (Found: Br, 
39*05. C 7 H 6 ClBr requires Br, 38-9%). p-Chlorobenzyl bromide 
has m. p. 51° (compare Jackson and Field, Ber., 1878, 11, 905) 
(Found: Br, 38-7%). 

m-Chlorobenzyl Bromide .—wi-Nitrobenzaldehyde was converted 
into m-ehlorobenzaldehyde (Erdmann and Schwechten, Anncden, 
1890, 260, 59), b. p. 213—214°, and this was reduced to the alcohol 
in alcoholic potassium hydroxide. The alcohol had b. p. 242°, not 
234° as stated by Mettler {Ber., 1905, 38, 1749), and from it m- 
chlorobenzyl bromide , an oil of b. p. 109710 mm. (Found: Br, 
38*8%), was obtained as before. 

The Isomeric Bromobmzyl Bromides. —Each of these compounds 
was prepared by passing a stream of air through a weighed quantity 
of bromine into the appropriate, boiling bromotoluene. The 
product was distilled under diminished pressure, the portion passing 
over between 120° and 140°/12—16 mm. lieing collected, cooled, 
and when solid recrystallised from alcohol. The bromides thus 
obtained had m. p.’s: o-, 31°; m-, 40°; and p 63° [Found: 
hydrolysable Br, (o-) 32-1, (m-) 31-8, (p-) 31*8. Calc, for C 7 H 7 Br 2 , 
hydrolysable Br, 32*0%] (compare Jackson, Ber., 1876, 9, 932). 

The isomeric bromobenzyl iodides were prepared by boiling aqueous 
acetone solutions of the corresponding bromides with rather more 
than the calculated quantity of potassium iodide for \ hour. The 
mixture was then poured into water, and the iodide recrystallised 
from light petroleum, o -Bromobenzyl iodide crystallises in shining, 
white needles, m. p. 47° (Found: I, 42*75. C 7 H e BrI requires 
X, 42*7%). m-Bromobenzyl iodide crystallises in white, six-sided 
prisms, m. p. 42° (Found: X, 42*8%). ^-Bromobenzyl iodide 
crystallises in white needles, m. p. 73° (Hantzsch and Schultze, Ber., 
1896, 29, 2253, give 80—81°) (Found : 1,42*9%). 

[With B. H. Slater.] 

Preparation of the Isomeric Fluorotoluerm. —A solution of the 
requisite toluidine (25 g.) in a mixture of 30 c.c. of concentrated 
sulphuric acid and 80 c.c. of water was cooled to — 5° and diazotised 
with 20 g. of sodium nitrite dissolved in 50 c.c. of water, the temper¬ 
ature being kept below 5°. The solution of the diazotised base was 
added to about 400 c.c. of commercial hydrofluoric acid (50—60%) 
in a 1,500 c.c. brazed ‘spun-copper flask surrounded by ioe,/after 
which the flask was fitted, by means of a cork, with a copper reflux 
condenser and very carefully warmed on a water-bath for about 
an hour (alternatively, the mixture may be left at room temperature 
for about 16 hours). The condenser was then reversed and the flask 
heated directly. The mixture of fluorotoluene, hydrofluoric acid* 
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and cresol that distilled was collected in a copper beaker containing 
300 c.c. of 30% aqueous sodium hydroxide solution surroundedjby a 
good freezing mixture. When all the fluorotoluene had distilled, 
the alkaline mixture in the beaker was extracted thrice with ether, 
the combined extracts were de-emulsified by saturated ammonium 
sulphate solution and dried over anhydrous sodium sulphate, and 
the ether was evaporated. In each case the fluorotoluene distilled 
at 113—118° and the yield was 15—16 g. (65%) (compare Holleman 
and Beekman, Bee. trav . ckim ., 1904, 23, 238). 

Preparation of the Isomeric Fluorobenzyl Bromides .—Each 
fluorotoluene (80 g. in four lots) was brominated by volatilising 
bromine (30 g.) in a slow stream of dry air and passing the vapour 
into the boiling fluorotoluene (20 g.); by using small quantities 
nuclear substitution was avoided. The brominated oil was boiled 
with formic acid (d T20; ca. 2 vols.) for 6 hours, fluorobenzotri- 
bromide and fluorobenzylidene bromide being thus converted into 
fluorobenzoic acid and fluorobenzaldehyde, respectively, and some 
of the fluorobenzyl bromide into fluorobenzyl alcohol. The mixture 
was poured into a large excess of water, and the oil was separated, 
and washed in ethereal solution with 10% aqueous sodium hydroxide 
until free from fluorobenzoic and formic acids. After complete 
removal of the fluorobenzaldehyde with freshly prepared sodium 
bisulphite solution—the aldehydes and the benzyl bromides form 
constant-boiling mixtures—the ethereal solution was dried over 
anhydrous sodium sulphate, and the ether distilled. *The residual 
oil was saturated in benzene solution with dry hydrogen bromide 
to convert any fluorobenzyl alcohol into the bromide, and after the 
removal of the benzene the fluorobenzyl bromide was fractionally 
distilled in a vacuum in the apparatus described by Widmer {Hein. 
Chim . Acta , 1924, 7, 52). o-Fluorobenzyl bromide had b. p 84— 
85°/15 mm.; m-fluorobenzyl bromide , 77°/12 mm.; and p-j flwro* 
benzyl bromide , 85°/15 mm. [Found: Br, 42*4 (o-); 42*0 (m-); 
42-1 (p -). C 7 H 6 FBr requires Br, 42*3%]. 

Hydrolysis of the Bromides .—Twenty c.c. of a standard solution 
(105 c.c.) of the bromide in absolute alcohol were placed in a standard 
25 c.c. flask, 5 c.c. of water added, and the volume was made exactly 
25 c.c. by adding absolute alcohol. The whole was thoroughly 
mixed, immersed in the vapour of boiling carbon tetrachloride for a 
definite time, and then poured into a large volume of water. The 
liberated hydrobromic acid was titrated directly with standard 
aqueous sodium hydroxide and methyl-red. The results are in 


Table II, where w represents the total weight of benzyl bromide 
^||i, x» the percentage changed, and t the time of hydrolysis in 
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Table II. 


Ortho-compounds. Meta-compounds. Para-compounds. 


F: 
Cl: 
Br : 

w » 0*5218 g. 
0*5600 „ 
0*6702 „ 

X . 

_ * _ 



0*5456 g. 
0*5441 „ 
0-6600 „ 
x . 


0*5102 g. 
0*5418 „ 
0*6693 „ 

£C. 


t . 

F. 

Cl. 

Br. 

F. 

Cl. 

Br. 

F. Cl. 

Br. 

4 

25 

25 

24 

24 

21 

21 

68 45 

40 

l 

51 

46 

44 

41 

38 

39 

88 69 

62 

2 

76 68 

66 

63 

58 

60 

96 88 

85 

4 

94 

88 

87 

86 

80 

82 

98 96 

95 

8 

95 

96 

96 

94 

92 

95 

99 98 

98 


In Table III are results obtained in a similar manner in order to 
compare the hydrolysis of benzyl bromide, m-methoxybenzyl 
bromide,* the fluorobenzyl bromides, and the w-bromoxylenes at 
60*5° (b. p. of chloroform). 


Table III. 



Fluorobenzyl bromides. 

m-Methoxy- 

Benzyl 


0 . 

m . 

p. 

benzyl bromide. 

bromide. 

w . 

0*5240 

0*5252 

0*5102 

0*543 

0*4610 

t . . 

x . 

x . 

X . 

X . 

x . 

\ 

9 

7 

26*5 

14 

22 

1 

20 

11 

48 

29 

39 

2 

33 

23 

69 

49 

59 

4 

56 

41 

90 

72 

80 

8 

76 

63 

95 

88 

88 

16 

91 

81 

96 

— 

— 


Reduction of the Bromides .—Reduction at 25° under the conditions 
described by Lapworth and Shoesmith and by Shoesmith and Slater 
(foe. cit.) being so slow that satisfactory results could not be obtained, 
the bromides were reduced in a thermostat at 101°. Ten c.c. of a 
standard solution of the bromide in 50 c.c. of glacial acetic acid were 
placed in the 25 c.c. standard flask, 10 c.c. of freshly distilled hydriodio 
acid (d 1-680) added, the volume was made up to 25 c.c. with glacial 
acetic acid, and the whole thoroughly mixed, and kept in the 
thermostat for a definite time. The percentage reduction was then 
estimated as in previous cases. 

The concentration of the hydriodic acid and the amount of 
iodine in it both influence the rate of reduction, and therefore a 
series of reductions was carried out on the same day with the same 
hydriodic acid. The results are in Table IV, t and x having the same 
significance as before, 

* At all temperatures, in. aqueous alcoholic solution, p-methoxy benzyl 
bromide is completely, and the o-compound almost completely, hydrolysed 
in 2J minutes. 
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Table IV. 

Ortho-compounds. Meta-compounds. Para-compounds. 




X . 



X , 



x . 


t . 

£~ 

Cl. 

Br. 

F~ 

Cl. 

Br. 

F. 

Cl. 

Br. 


29*5 

32 

30 (31) 

23 

23 

23 (21) 

22*5 

28 

26 (27) 

3 

45 

53 

53 (54) 

37 

43 

43 (41) 

34 

49 

47 (47) 

6 

65 

76 

74 (76) 

63 

64 

61(60) 

57 

68 

64 (65) 


Benzyl bromide : x ~ 25, 38, and 61 for t ~ 1J, 3, and 6, respectively. 

The figures in brackets represent the reduction of the bromobenzyl 
iodides. In Table V are the results of reductions of the bromides 
made at a higher temperature (110°) in order to determine the 
amount of nuclear halogen eliminated. 


Table V. 

Ortho-compounds. Meta-compounds. Para-compounds. 

x . x. x . 









t. 

CL 

Br. 

CL 

Br. 

Cl. 

Br. 

2 

76 

77 

57 

57 

70 

72 

4 

91 

91 

81 

79 

88 

88 

8 

102 

100 

97 

97 

98 

97 

18 

104 

103 

100 

100 

101 

101 


p-Chlorobenzyl iodide (m. p. 65°) was isolated from the reaction 
of jp-chlorobenzyl bromide and hydrogen iodide in glacial acetic acid 
at 25° (compare Shoesmith and Slater, loc. cit.) 9 but, owing to the 
dilution at which the reductions had to be carried out, end-products 
in the other cases could not be separated. The figures obtained, 
however, show that the reaction in the cases of the meta- and para- 
isomerides was quite normal in that it first involved conversion of 
the bromide into iodide and subsequent reduction of this to the 
halogenated toluene. 

The iodobenzyl bromides have not been examined, since in a 
former communication we showed that hydrogen iodide reduces iodo- 
toluene to toluene. 

The authors gratefully acknowledge the many valuable sugges¬ 
tions made by Dr. W. O. Kermack, especially with regard to the 
formulae on pp. 216, and the receipt of a grant from the Earl of 
Moray Research Fund. They also thank the Trustees of the Carnegie 
Trust for the Universities of Scotland for a scholarship which enabled 
one of them (R. H. S.) to take part in this research. 
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XXXIII *—Cyclic Organo-metallic Compounds . Part I. 
Compounds of Tellurium . 

By Harry Dtjgald Keith Drew. 


The present work has for its object the investigation of cyclic organo- 
metallic compounds (i.e., compounds in which a metallic atom is 
united directly to carbon atoms, taking part therewith in ring 
formation), few of which have hitherto been synthesised. 

Tellurium tetrachloride and diphenyl ether slowly but almost 
completely condense when heated together in chloroform solution. 
Hydrogen chloride is evolved and a yellow telluritrichloride is 
formed in which the group -TeCl s has replaced a hydrogen atom of 
one of the aromatic nuclei. This substance is p -phenoxyphenyl- 
telluritnchloride (I), PhOC 6 H 4 *TeCl 3 , since on reduction with 
aqueous potassium metabisulphite it becomes transformed to a 
purplish-red, crystalline substance, pp '-diphenoxydiphenyl ditelluride 
(II), PhO*C 6 H 4 *Te:Te*C 6 H 4 *OPh, which shows a normal molecular 
weight in freezing benzene. 

The formation of these substances demonstrates that the tellurium 
atom can be caused to enter an aromatic nucleus without the aid of 
Grignard reagents (compare Morgan and Drew, J., 1925,127, 2307). 
That the group -TeCl s enters the aromatic nucleus almost exclu¬ 
sively in one position was shown by the absence of an isomeric 
telluritrichloride from the by-products of this condensation and by 
the homogeneity of the ditelluride resulting upon reduction. 

The telluritrichloride (I) melts at 156°, but if it is heated to about 
200° a further (intramolecular) condensation occurs; a molecule 
of hydrogen chloride is evolved, and a colourless, crystalline, 
cyclic compound, 10 : 10-dicMorophenoxtelluriTie (III), is produced. 
That this substance contains the tellurium atom in a di-ortho¬ 
position relatively to the oxygen atom is indicated both from 
stereochemical considerations and by the existence of structurally 
analogous compounds of sulphur (IV) and of arsenic (V), of which 
the constitutions must be regarded as established (compare, for 



AsCl 



A 

0 

(V.) (VI.) 

example, Turner and Sheppard, J., 1925, 127, 544). Additional 
evidence upon tins point is afforded by the ready reduction of the 
telluridichloride (III) to a yellow, crystalline, cyclic substance, 
phenoxtdluririe (VI), of such marked chemical and physical stability 
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that there seems no doubt as to the nature of its tricyclic 
structure. This substance, which shows a normal molecular weight 
in freezing benzene, resembles somewhat closely the colourless 
sulphur analogue, phenoxthin or phenothioxin (IV; Mauthner, Ber., 
1906, 39, 1344), in both physical and chemical properties. It has, 
for example, a delicate floral odour suggesting rose-water, whereas 
phenoxthin is described as having a geraniol smell; and both sub¬ 
stances develop intense colorations with concentrated sulphuri#' 
acid. Phenoxtellurine readily adds on bromine or iodine in chloro¬ 
form solution, yielding primrose-yellow 10: IQ-dibromophenoxtel- 
lurine and red 10 :10 -di-iodophenoxtellurine, respectively; while the 
action of warm nitric acid converts it into colourless phenoxtellurine 
10 : 10-dinitrate. 

The formation of a cyclic tellurium compound from the telluri- 
trichloride (I) suggests that the latter must in reality be the o- 
compound (VII). Since, however, it has been shown (Morgan and 
Drew, loo. cit.) that in the analogous condensation with phenetole 
the group -TeCl 3 takes up exclusively a para-position with respect to 
ethoxyl, a para-orientation with respect to the phenoxy-group in 
the present case also would be anticipated. There remains thus the 
probability that the telluritrichloride is actually the ^-compound (I) ? 
and that; on being heated above its melting point, it suffers a pre¬ 
liminary isomeric change into the o-compound (VII), which can then 
undergo the inner condensation ■ 



(VII.) 


In an endeavour to test this possibility, the action of concentrated 
nitric acid upon the ditelluride (II) was tried. The telluritrinitrate, 
PhO*C 6 H 4 *Te(NO s ) 3 , was first produced and then the tellurium atom 
displaced, pp'-dimtrodiphenyl ether (m, p. 143°) being formed; no 
o-nitro-compound was isolated. Of the two obvious mechanisms of 
displacement of the tellurium atom, viz., 
(l)Ph0*C 6 H 4 *Te{N0 3 ) 3 +H0*N0 2 =Te(N0 3 ) 3 -0H+Ph0-C 6 H^N0 < >, 
and (2) PhO-C 6 H 4 *Te(N0 3 ) 3 + H-N0 3 = Te(N0 3 ) 4 + PhO*C 6 H 5 , the 
more probable would appear to be (1); and, if this is the case, the 
production of a p-nitro-compound of diphenyl ether proves the 
structure of the telluritrichloride and of the ditelluride derived from 
it. The possibility of mechanism (2), in which diphenyl ether is first 
■ liberated and then nitrated, cannot, however, be ignored with 
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On the whole, the weight of evidence seems to be in favour of the 
para-structure; and accordingly it is considered best to adopt, for 
the present, the formulae I and II for the telluritrichloride and 
ditelluride respectively, and to assume the transformation of the 
^-telluritrichloride into its o-isomeride as an intermediate step in 
the synthesis of the cyclic dichloride (III). 

^ The best method of preparing 10 : 10-dichlorophenoxtellurine, 
giving a yield of 50%, is to heat at about 200° a mixture of tellurium 
tetrachloride and diphenyl ether in molecular proportions. The 
reaction proceeds in two stages, marked evolution of hydrogen 
chloride occurring first near 120° and then again near 200°. These 
stages apparently represent respectively the formation of the 
telluritrichloride and its transformation to the cyclic telluridi- 
chloride. The hypothetical preliminary isomeric change of the p- 
to the o-telluritrichloride must then occur between the temperature 
of the melting point of the telluritrichloride and the higher temper¬ 
ature, i.e.j between about 160° and 200°, a separate experiment 
having shown that the presence of chloroform in the preliminary 
stages of the above reaction had no effect upon the nature of the 
ultimate product. 

Accordingly, an attempt was made to isolate the o-telluritri- 
chloride by heating the supposed p -telluritrichloride to about 160° 
in an atmosphere of nitrogen. From the glassy product, which was 
a complex mixture containing a proportion of regenerated tellurium 
tetrachloride, a substance was obtained which had the properties 
of a telhmtrichloride and yet was not identical with the initial 
material. This compound, which crystallised from benzene in 
almost colourless, pearly flakes decomposing at 125°, was possibly 
the o-telluritrichloride (VII), since it was easily reduced to a red 
substance possessing the characteristics of a ditelluride. Neither 
of these compounds was obtained in a pure condition, however, and 
their identity with the above structures has not been definitely 
established. 

A colourless non-cyclic telluridichloride occurs as a by-product 
in the condensation of tellurium tetrachloride and diphenyl ether 
in chloroform solution; and this substance results also when the 
telluritrichloride (I) is heated with an excess of diphenyl ether at 
about 160°, hydrogen chloride being set free. This telluridichloride 
must therefore be pp '-diphenoxydiphenyltelluridichloride (VIII), 
PhO-C e H 4 -TeOVO ? H 4 -OPh. 

Here again the di-para-orientation is considered the more probable, 
since the substance is formed in small amount even at the low temper¬ 
ature of a condensation in chloroform. Owing, however, to the 
uncertainty attaching to the conditions under which the hypothetical 

I 
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change of the tellurium atom from the p- to the o-position occurs, 
a di-ortho-, or even a para-ortho-structure is not definitely excluded. 

The non-cyclic teiluridichloride (VIII) was unchanged by the 
action of heat at 210°, and its formation was therefore unconnected 
with the production of the cyclic teiluridichloride (III). It was of 
interest, therefore, to find that the latter was the main product of 
the action of heat at 200° upon a mixture of tellurium tetrachloride 
and a large exoess (3| mols.) of diphenyl ether, for this result seems 
to supply further evidence in favour of the hypothetical isomeric 
change of the p- to the o-telluritrichloride; since, in the absence of 
this transformation, it would be expected that the whole of the 
telluritrichloride would be changed at 200° into the non-cyclic 
teiluridichloride (VIII), a reaction which is fairly rapid even at 
160°. The production of the o-telluritrichloride must therefore 
accelerate rapidly at temperatures approaching 200°. 

Leaving aside the question of orientation, we have thus the 
following series of changes which have been realised experimentally, 
with the temperatures at which the reactions are appreciably 
rapid 

TeCl 4 + C 6 H 5 -OPh HC1 + TeCl 3 (C 6 H 4 -OPh); 

* D 0 (with or without OHOl^ 0 4 ' 7 

TeCl 3 (C e H 4 *OPh) + C 6 H 5 -OPh w > HC1 + TeCl 2 (C 6 H 4 *OPh) 2 ; 

TeCl 3 (CeH 4 *OPh) «»• ^ HC1 + TeCl 2 (C 6 H 4 *0‘C 6 H 4 ); 

TeCl 4 + C 6 H 5 *OPh 2000 > 2HC1 + TeCl 2 (C 6 H 4 *0*C 6 H 4 ). 

It is probable that jpp'-diphenoxydiphenyltelluridichloride (VIII) is 
always formed, at least in minor quantities, when tellurium tetra¬ 
chloride and diphenyl ether are heated together; but this telluri- 
dichloride is not readily separated from the resinous or colloidal 
by-products associated with it in the reaction-mixture. 

Attempts are being made to clear up the uncertainty which exists 
regarding the orientations of the foregoing substances; and, in 
addition, the author is investigating the analogues and derivatives 
of phenoxtellurine and similar compounds containing other metals 
and metalloids. 

Experimental. 

Condensation of Tellurium Tetrachloride with Diphenyl Ether in 
presence of Chloroform .—Pour experiments were carried out, with 
proportions of diphenyl ether ranging from 1 to 1J mols. per mol. 
of tellurium tetrachloride and with amounts of chloroform varying 
between 0*6 and 2 c.c. per g. of the tetrachloride; the times of heating 
between 8 and 26 hours. The optimum experiment only will be 
Ascribed in detail: 23*8 g. of tellurium tetrachloride, 18*7 g_ 
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(l£ mols.) of diphenyl ether, and 15 c.c. of dry chloroform were 
heated under reflux during 26 hours, moist air being excluded. 
Hydrogen chloride was evolved and all the tellurium tetrachloride 
dissolved in about 1£ hours. The yellow trichloride that was 
gradually deposited from the intensely orange-brown solution 
was recrystallised from boiling dried chloroform; the mother- 
liquor on concentration to a syrup gave further crops of trichloride, 
which were recrystallised as before (total yield, 31*5 g. or 90%). 
The final syrup, on long standing in a desiccator, gave the diehloride 
(0*5 g.) in large, colourless prisms, which were recrystallised from 
ethyl alcohol or acetone. In this and in other experiments the 
separating trichloride was practically pure. Portions of it were 
subjected to careful fractionation from boiling dry chloroform, in an 
attempt to detect the presence of a possible isomeric trichloride. 
The melting points and mixed melting points of the recrystallised 
first and final fractions were always practically identical. Slight 
differences sometimes observed were traced to the presence of small 
amounts of the dichloride. 

p-Phenoxyphenyltelluritrichloride (I) separates from its yellow 
solution in chloroform or carbon tetrachloride in opaque, nodular 
rosettes of very small, pale yellow needles. The rosettes crumble, 
on drying, to a creamy yellow, crystalline powder. The substance 
melts at 156—157° to a transparent, yellow liquid, but never quite 
sharply, usually softening from about 154°, behaviour which suggests 
a partial change near the melting point. The compound is almost 
insoluble in light petroleum, sparingly soluble in hot carbon tetra¬ 
chloride, but more soluble in hot chloroform or benzene. It is 
readily hydroxylated by water or hydroxylic organic solvents 
(Found: 0, 35-6; H, 2-3; Cl, 26-6, C 12 H 9 OCl s Te requires 0, 
35-75; H, 2*25; Cl, 26*4%). 

pp f -Diphenoxydiphenyltelluridichloride (VIII), a by-product in 
the foregoing condensation, was best prepared by heating 3*9 g. 
(1 mol.) of the above trichloride and 1-7 g. (1 mol.) of diphenyl 
ether together at 140—165° during 6 hours, moist air being excluded 
and a slow current of nitrogen maintained in the apparatus* 
Hydrogen chloride was evolved even at 145°. The hard, serpi- 
crystalline mass was extracted with ether, the ether removed, and 
the resulting semi-solid triturated successively with light petroleum 
and ethyl alcohol, and filtered. There remained 2*8 g, of crude 
dichloride containing an amorphous impurity, readily soluble in 
chloroform, benzene or acetone, from which it was found difficult 
to free the diehloride. Purification was finally effected by fractional 
solution in cold benzene, followed by crystallisation of the least 
soluble fraction from benzene-light petroleum (b. p. 40—60°). 



228 DREW : CYCLIC ORGAiTO-METALLIC COMPOUNDS. 

When two molecular proportions of diphenyl ether were employed 
and the heating was conducted during 10 hours at 115—150°, a 
similar product (1*1 g. from 1*5 g. of trichloride) was obtained, 
which yielded the dichloride on purification by means of carbon 
tetrachloride and ether. When quite pure, the dichloride separated 
from boiling methyl or ethyl alcohol in transparent, colourless, 
prismatic needles, which became slightly pink on keeping. The 
solutions in hot alcohol of impure specimens always became cloudy, 
on cooling, before crystallisation set in. The dichloride melted 
without decomposition at 157—158°, and depressed the almost 
identical melting point of the trichloride to about 120°. It was 
much more easily soluble than the trichloride in organic solvents, 
being readily soluble in cold benzene, chloroform or ether; but it 
was insoluble in light petroleum, and only moderately easily soluble 
in hot ethyl alcohol. The halogen atoms were firmly bound in this 
substance, which remained unaffected by cold aqueous potash, 
although it was decomposed by the boiling reagent with liberation of 
diphenyl ether (Found: Cl, 13*15. C 24 H 18 0 2 Cl 2 Te requires Cl, 13*2%). 

When this dichloride was heated at 210° during an hour, it 
remained unchanged, no trace of diphenyl ether or of cyclic telluri- 
dichloride being produced. 

pp '-Diphenoxydiphenyl Ditelluride (II).—The trichloride (7 g.) 
was reduced with 50 e.c. of ice-cold water and 11*6 g. (3 mols.) of 
powdered potassium metabisulphite, which was slowly added during 
J hour, the mixture being stirred mechanically. Sulphur dioxide 
was evolved, and a soft red mass produced. The reduction was 
completed by grinding the whole in a glass mortar during a 
further \ hour. The deep purple, crystalline product was filtered 
off, washed with water, and dried in a vacuum; the yield of crude 
product (5*3 g.) was quantitative. The substance was then rapidly 
crystallised from hot light petroleum (b. p. 40—60°) saturated with 
sulphur dioxide, two crystallisations producing the analytically 
pure ditelluride. Careful examination of the mother-liquors failed 
to reveal the presence of an isomeride. 

pp '-Diphenoxy diphenyl ditelluride separates from petroleum or 
alcohol in clusters of minute, bronzed, brownish-violet or purplish- 
red needles, which dissolve in organic solvents to dark red solutions. 
It commences to soften at 85° and melts to a deep red liquid at 
87—88°. It is easily soluble in benzene, chloroform, carbon tetra¬ 
chloride, ether, or acetone, only moderately easily soluble in light 
petroleum or alcohol, and insoluble in water [Found: C, 48*55; 
H, 3*05; Te, 43*1; Jf, cryoscopic in benzene, 579 (c = T39), 595 
: 2-04). C24H 18 0 2 Te 2 requires C, 48*55; H, 3*05; Te, 43*0%; 
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Great difficulty was at first experienced in purifying this substance 
sufficiently for analysis. Although it crystallised well from ethyl 
or methyl alcohol and from acetone or ether, the crystals were 
persistently low in carbon content (Found : C, 47-6, 47*6, 47*5, 
48*05; H, 3*1, 3*2, 3*1, 3*15%). Finally the impurity was isolated : 
it consisted of a white, amorphous oxide, which was slowly reduced 
by aqueous potassium metabisulphite or aqueous sulphur dioxide 
to the ditelluride. In solution the ditelluride slowly precipitates 
this oxide when exposed to the air. With bromine in cold chloro¬ 
form solution the ditelluride reacts to form a yellow bromide melting 
near 180° and readily soluble in hot chloroform. This substance is 
probably the analogue of the trichloride, since it is again reduced 
to the ditelluride by aqueous alkali bisulphites. With warm con¬ 
centrated nitric acid the ditelluride yields ultimately #p'-dinitro- 
diphenyl ether (needles from alcohol; m. p. 142—143°). 

Preparation of 10 : 10 -Dichlorophenoxtellurine. —(1) Action of heat 
on p-phenoxyphenyltelluritrichloride . The trichloride (1*4 g.) was 
heated gradually during 4f hours, from 150° to 210°; hydrogen 
chloride was slowly evolved. The cooled melt was extracted with 
ether; a substance sensitive to moisture (probably tellurium tetra¬ 
chloride) was then found to be present. The residue from the ether 
extraction, on crystallisation from boiling toluene, yielded 0*4 g. 
(or 33%) of the pure cyclic telluridichloride, identical with the 
following product in (2). 

When the trichloride (5*6 g.) was heated at a lower temperature 
(150—160°) during 2 hours in a current of nitrogen, a lesser propor¬ 
tion of hydrogen chloride was evolved. On cooling, the melt 
solidified to a brown glass, which was powdered and dissolved in 
hot dry chloroform. The solution, kept out of contact with moist 
air, deposited pale pinkish-white micro-needles (0*5 g.) of a telluri- 
trichloride (probably corresponding with formula VII) which, how¬ 
ever, still contained traces of tellurium tetrachloride (Found; 
Cl, 27*3; whereas formula VII requires Cl, 26*4%). Recrystallised 
from hot benzene, the compound formed a voluminous mass of 
almost colourless, nacreous flakes, decomposing near 125° with 
darkening and evolution of hydrogen chloride. It was readily 
reduced by aqueous potassium metabisulphite to a red substance 
(probably the ditelluride), which was soluble in benzene but 
easily oxidised by the air, while in solution, to a less soluble 
substance. 

The main product of the above reaction was a glutinous mixture 
containing free tellurium tetrachloride. 

(2) Action of heat upon an equimolecular mixture of tellurium tetra¬ 
chloride and diphenyl ether . Six experiments under varying condi- 
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tions were carried out, but the yield of cyclic dichloride seemed 
almost constant (about 50%). The following is a typical experi¬ 
ment : Tellurium tetrachloride (11-1 g.) and diphenyl ether (7*0 g.) 
were heated together in a flask with a long air-condenser, carrying a 
moisture guard-tube, a slow current of nitrogen being bubbled through 
the melt (this was not essential, however). The temperature was 
raised slowly from 100° to 240° over a period of 13 hours, when 
hydrogen chloride was evolved, mainly during two maximal phases, 
the first occurring near 120° and the second near 200°. The melt 
gradually thickened and after about 8 hours partly solidified even 
at 190°, but remelted as the temperature rose. The cooled melt 
finally set to a crystalline cake, which was ground to a loose brown 
powder. The powder was stirred with ether, filtered off, dissolved 
in acetone, and filtered from 0*8 g. of free tellurium. Evaporation 
of the acetone left 9*4 g. of the fairly pure cyclic dichloride (62%); 
but, on further purification of the product in a Soxhlet apparatus 
with toluene, the yield fell to 48%. 

Keeping the temperature below 220°, reducing the time of heating 
to 5 hours, adding a little chloroform at the commencement of heat¬ 
ing, and other similar modifications produced no important variation 
in the yield. 

The material obtained by evaporating the ethereal extracts of 
the product contained free diphenyl ether or chlorinated diphenyl 
ether, as well as soluble tellurium compounds which could not be 
isolated from the viscous residues. 

10: 10-DichlorofJierLoxtellurifie (III) crystallises from boiling 
toluene in colourless, nacreous platelets, which melt without decom¬ 
position at 265° to a transparent, yellow liquid. At 100° the 
crystalline solid is yellow, but reverts to the colourless form on 
cooling. It is extremely stable to heat and can be vaporised without 
undergoing much decomposition; is almost insoluble in ether or 
petroleum, sparingly soluble in chloroform or ethyl alcohol, rather 
more soluble in benzene or toluene, and easily soluble in acetone. 
It is slowly hydrolysed by boiling water, a white oxide resulting. 
Boiling aqueous potash detaches the tellurium atom and generates 
diphenyl ether. The solution in cold concentrated sulphuric acid is 
yellow (Found; C, 39*8; H, 2*2; Cl, 19*3. C 12 H 8 OCl 2 Te requires 
C, 39*3; H, 2*2; 01, 19-35%). 

Phenoxtdlurine (VI).—The powdered dichloride (4 g.) was reduced 
at 0° with 25 c.c. of water and 4*8 g, (2 mols.) of potassium meta¬ 


bisulphite, slowly added with stirring, when sulphur dioxide was 
evolved. The yellow product was ground beneath the liquid in a 


mortar during an hour to complete the reduction, and the 


Siim Was then filtered off, washed with water, and dried. The 
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yield (3*2 g.) was nearly theoretical. The product was recrystallised 
from light petroleum (b. p. 40—60°). 

Phenoxtellurine separates from hot petroleum in long, spear-like 
needles and from the cold solvent in large, transparent prisms, 
both forms being lemon-yellow to orange in colour, melting without 
decomposition at 78—79°, and having a delicate floral odour. The 
compound is very stable to heat and can be vaporised unchanged. 
It is insoluble in water, but easily soluble in ethyl alcohol, ether, 
benzene, or carbon tetrachloride to yellow solutions. It dissolves 
in cold concentrated sulphuric acid to a deep purplish-red solution, 
and is stable towards hot concentrated hydrochloric acid or dilute 
aqueous caustic soda [Found: C, 48*7; H, 2*9; Te, 43*4; M, 
cryoscopic in benzene, 287 (c = 1*25), 294 (c = 2*18). C 12 H 8 OTe 
requires C, 48*7; H, 2*7; Te, 43*1%; M, 295*5]. 

Warm concentrated nitric acid does not immediately cause 
nuclear nitration of phenoxtellurine, but produces the 10:10- 
dinitrate , which forms colourless needles decomposing near 258°. 
Bromine and iodine in chloroform solution readily yield respectively 
the 10 : 10-dibromide, bright yellow spangles from chloroform or 
primrose-yellow prisms from toluene (decomposing at 290°), and 
the 10 :10 -di-iodide, red spangles (decomposing indefinitely, mainly 
near 270°). 

Action of Heat upon Mixtures of Tellurium Tetrachloride and 
Diphenyl Ether in Various Proportions .—(1) When it was attempted 
to introduce two -TeCl 3 groups into the molecule of diphenyl 
ether by using 2 mols. of tellurium tetrachloride to 1 mol. of the 
aromatic ether and heating at 120° during 6 hours, only the telluri- 
trichloride was obtained, part of the tellurium tetrachloride remain¬ 
ing unaltered. 

(2) Tellurium tetrachloride and 2 mols. of diphenyl ether, heated 
at 110° to 180° during 8 hours, yielded only a mixture of a trichloride 
and the cyclic dichloride. 

(3) Tellurium tetrachloride (1 mol.) and diphenyl ether (3J mols.), 
heated at 110° to 210° during 16 hours, gave a yield of 42% of 
10 :10-dichlorophenoxtellurine, showing that the tendency towards 
formation of this cyclic dichloride is maintained even in presence of 
a large excess of diphenyl ether. 

The author’s thanks are due to Professor Morgan for his kind 
interest in the work and for his gift of certain research chemicals. 

University or BraMmoHAK, 

Edgbaston. [deceived, August 22nd, 1925.J 
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XXXIV .—The Quaternary Salts of Benzoxazoles* 

By Leslie Marshall Clark. 

Since the pseudo-bases of the quaternary salts of substituted 
benzthiazoles have been shown to be o-aeylmethylaminothiophenols 
(Mills, Clark, and Aeschlimann, J., 1923, 123, 2354; Clark, J., 
1925, 127, 973), the corresponding benzoxazole compounds have 
now been investigated so that a comparison may be made between 
the properties of these analogous ring systems. 

Benzoxazole methiodide was first prepared by Fischer (J. pr. 
Ohem 1906, 73, 435), who showed that when the salt was heated 
with hydrochloric acid, o-methylaminophenol was formed, whilst 
treatment with hot alkalis caused profound decomposition. 

It has now been found that benzoxazole methiodide, on being 
dissolved in water, gives a solution, acid to litmus, from which, 
after addition of one equivalent of caustic alkali, o-formylmethyl- 
aminophenol can be obtained. In the same way, 1-methylbenz- 
oxazole methiodide * and 1-phenylbenzoxazole methiodide readily 
hydrolyse in aqueous solution to o-acetylmethylaminophenol and 
o-benzoylmethylaminophenol, respectively, with the liberation of 
one equivalent of acid. 

The reaction is therefore to be represented by the equation 

C o H *<mM' >OE + =>° " C * H *<Se-OOE + m 

No such effect is apparent in these quaternary salts as was observed 
by Skraup ( Annalen , 1919, 419, 80), who found that in the 
1 -substituted benzoxazole bases resistance of the oxazole ring 
to fission increases with increasing volume of the substituent 
radical. 

Attempts to reverse the hydrolysis were made by passing dry 
hydrogen iodide through a solution of o-benzoylmethylaminophenol 
in dry ether and by dissolving o-acetylmethylaminophenol in excess 
of concentrated perchloric acid. The hydriodide of the acylmethyl- 
aminophenol separated in the first case, but no 1-phenylbenzoxazole 
methiodide was obtained, and in the second the only substance 
isolated was the unchanged phenol. 

There appeared to be some possibility that the complete scheme 


* Since this paper was prepared for publication, Konig and Meier ( J . pr. 
d5^^ I925, 109, 324) have shown that 1-methylbenzoxazole methiodide on 
hydpotyas with water gives o-acetylmethylaminophenol. 
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for the action of alkalis on substituted benzoxazole quaternary 
salts might be represented thus : 


C 6 H 4 <^Mei>CR —> C 6 H 4 <^ VIe >CE*OH 

(X.) 


P TT <^OH 
(II*) 


Were this the case, inethylation might be expected to yield a 
derivative of each of the compounds I and II. On treating an 
aqueous solution of 1-phenylbenzoxazole methiodide with a slight 
excess of sodium hydroxide and methyl sulphate, only o-benzoyl- 
methylaminoanisole could be isolated, whose identity was established 
by synthesis in the following stages : 


tt v'OMc v p tt p tt ^OMe , p tt ^OMo 


JSMeUOPh 


Under these conditions, therefore, no evidence for the presence 
of the carbinol base (I) is obtained. Although there is thus a 
measure of similarity between benzoxazolonium and benzthiazo- 
lonium salts in their reactions with Alkalis, two important differences 
must be noticed; 

(а) Benzoxazolonium salts are hydrolysed by water alone, 
whereas benzthiazolonium salts are stable in aqueous solution. 

(б) In consequence of this behaviour, benzoxazole quaternary 
salts cannot be obtained by treatment of the o-acylmethylamino- 
phenols with acids, whereas benzthiazole methiodide is readily 
recovered from the sodium salt of formylmethylaminothiophenol 
(Mills, Clark, and Aeschlimann, be. cit.). 


Experimental. 

Benzoxazole Methiodide .—Benzoxazole was prepared by Laden- 
burg’s method ( Ber 1876, 9, 1924) by heating together o-amino- 
phenol and formic acid. Fischer ( loc . cit.) obtained the methiodide 
by heating the base with excess of methyl iodide at 100° for 
3 hours, and describes it as yellow, shining needles, m. p. 182° 
(decomp.). In this investigation, the two substances were com¬ 
bined at temperatures varying from 50° to 100°; the product was 
similar in colour to Fischer’s but melted at 202° (decomp,). The 
purest material was obtained by heating the base with 10% excess 
of methyl iodide at 60° for 8 hours and extracting the crushed 
product with dry ether (Found: C, 37*1, 37*25; H, 3*0, 3*1; NV 
5*2; I, 48*8. Calc., C, 36*8; H, 3*1; N, 5*4; I, 48*6%). 

Action of Potassium Hydroxide on Benzoxazole Methiodide .— 
From mixed aqueous solutions of the methiodide (10 g.) and 
potassium hydroxide (rather more than 1 equiv.), o-formylmethyl- 
aminophenol crystallised on cooling, and a further crop was 

1*2 



234 CLARK : THE QUATERNARY SALTS OE BENZOXAZOLES. 

obtained by passing carbon dioxide through the mother-liquor. 
It crystallised from benzene in colourless needles (yield, 5 g.), 
m. p. 103—104° (Found: C, 63-6; H, 5-8; N, 9*0. Calc., 
C, 63*6; H, 6-0; N, 9*3%). 

The formyl compound (1 g.) was heated for 1 hour with con¬ 
centrated hydrochloric acid (7-5 c.c.) and water (4 c.c.), the solu¬ 
tion made slightly alkaline with sodium hydroxide, and the alkali 
neutralised with carbon dioxide; 0-7 g. of almost colourless, shining 
flakes of o-methylaminophenol was obtained, m. p. 95—96° (Lees 
and Shedden, J., 1903, 83, 756, give m. p. 96—97° and Fischer, 
loo. cit. 9 gives m. p. 86—87°). 

For further characterisation of the product, a nitroso-derivative 
was prepared by Dieppolder’s method (Ber., 1899, 32, 3519) from 
this compound, and from an authentic specimen of o-methylamino- 
phenol. Both nitroso-derivatives and their mixture crystallised 
from alcohol in colourless, glistening plates, m. p. 125—126° 
(decomp.) (Found ; N, 18*0. Calc., ST, 184%). 

1-Methylbenzoxazole Methiodide. —1-Methylbenzoxazole, prepared 
by Ladenburg’s method (Ber., 1876, 9, 1524), was heated (13*5 g.) 
with methyl iodide (17 g.) for 8 hours at 100°. The yellow mass 
was extracted with dry ether and crystallised from acetone in 
colourless needles, which became light brown unless rapidly dried; 
m, p. 196° (decomp.) (Found: C, 39*5; H, 3*6; I, 46*1. Calc., 
for C 9 H 10 ONI,C, 39*3; H, 3*6; 1,46*2%). 

1-Methylbenzoxazole Methoper chlorate .—The methiodide was dis¬ 
solved in a little cold water and treated with excess of a saturated 
solution of sodium perchlorate. A mass of colourless plates was 
immediately precipitated, m. p. 165—170°. Kecrystallisation from 
water lowered the melting point to 150—160°, evidently causing 
decomposition. A portion of the crude perchlorate was extracted 
with ether, whereby the hydrolysis product, o-acetylmethylamino - 
phenol, m. p. 150°, was removed. The purified perchlorate had 
m. p. 173°, unchanged by crystallisation from acetone-ether 
(Found : 1ST, 6-0. C 9 H 1 o0 5 lSrCl requires N, 5*7%). 

The salt (0*8 g,) was heated in aqueous solution for 1£ hours; 
colourless needles of o-acetylmethylaminophenol, m. p. 151°, 
crystallised on cooling (Found: N, 8*8. Calc., N, 8*5%). 

1-Methylbenzoxazole methiodide in aqueous solution at laboratory 
temperature was hydrolysed incompletely after 8 hours and com¬ 
pletely after 66 hours. 

Action of Potassium Hydroxide on 1 -Meihylbenzoxazole Methiodide . 
—The reaction was carried out in the same way as for benzoxazole 
. The yield of o-acetylaminophenol, m. p. 151°, from 
7 was 2*1 g. 




CLARK : THE QUATERNARY SALTS OF BENZOXAZOLES. 235 


Action of Silver Oxide on 1-Methylbenzoxazole Methiodide. —The 
salt (1 g.) was dissolved in acetone (300 c.c.) and silver oxide freshly 
prepared from silver nitrate (3 g.) was added. Silver iodide was 
formed and after being shaken for 1 hour the acetone solution 
was evaporated: the residue was crystallised from benzene-light 
petroleum, colourless needles of o-acetylmethylaminophenol, m. p. 
151°, being obtained. 

1 -Phenylbenzoxazole Methiodide. —1-Phenylbenzoxazole, prepared 
by Skraup’s method ( loc. cit.), was heated (3-8 g.) with methyl 
iodide (9 g.) at 100° for 36 hours. The product was extracted 
with dry ether and cautiously crystallised from absolute alcohol. 
The methiodide (yield 4-8 g.) separated in almost colourless needles, 
m. p. 196° (decomp.), which became brown on exposure to light 
(Found: C, 49-9; H, 3-6; 1,37-3. C 14 H 12 OOT requires C, 49-9; 
H, 3-6; 1,37-6%). 

Action of Water on l-Phenylbenzoxazole Methiodide. —When the 
salt (3-37 g.) was dissolved in warm water (100 c.c.), a colourless, 
crystalline substance immediately began to. separate. The acid 
solution on titration with sodium hydroxide and phenolphthalein 
required 10-4 c.c. of JV-NaOH (Oalc. for 1 equiv. of NaOH, 10-0 c.c.). 

The solid crystallised from aqueous alcohol in plates, m. p. 163— 
164°, and was recognised as o-benzoylmethylaminophenol by 
analysis as well as by the method of preparation. Ransom (Amer. 
Ohem. J., 1900, 23, 34) gives m. p. 162—163° (Found: C, 74-1; 
H, 5-6; N, 6-4. Calc., C, 74-0; H, 5*7; N, 6-2%). 

The urethane was prepared by heating o-benzoylmethylamino¬ 
phenol (1 g.) for 3 hours with phenyloarbimide (0-6 g.). The pro¬ 
duct was extracted with ether and crystallised from alcohol in 
colourless plates, m. p. 144° (Found: C, 73-3; H, 5-1; N, 8-2. 
C 2 iH 18 C> 3 N 2 requires C, 72-8; H, 5-2; N, 8-1%). 

o-Benzoylmethylaminomisole. —o-Methylaminoanisole, prepared by 
the usual reactions from o-nitroanisole, was benzoylated with 
benzoyl chloride and sodium hydroxide. The product crystallised 
from aqueous alcohol in small, colourless prisms, m. p. 115° (Found: 
C, 74-4; H, 6-1; N, 5-7. C 16 H 15 0 2 N requires C, 74-7; H, 6-2; 
N, 5-8%). 

When 1-phenylbenzoxazole methiodide (1-5 g.) was shaken with 
sodium hydroxide and methyl sulphate in slight excess, a paste 
formed which was crystallised from aqueous alcohol. It melted 
at 115°, and did not depress the melting point of o-benzoylmethyl- 
aminoanisole prepared as described above (Found: N, 5*8%). 

38, Park Road, Hampton Wick. [Received, August 2&th, 1925. 
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XXXV .—Reactions of the meso -Hydroxyanthrones. 

By Marcus Aurelius Matthews. 


The reduction of 10-hydroxyanthion.e * by zinc dust and glacial 
acetic acid leads to anthrone, probably through addition of hydrogen 
to the carbonyl group and subsequent loss of water across the ring 
(K. EL Meyer, Annalen , 1911, 379, 37 ). 

Anthrone itself on reduction with zinc and hydrochloric acid in 
glacial acetic acid undergoes the pinacol condensation (Barnett 
and Matthews, J., 1923, 123, 380), and it has now been found 
that under similar conditions 10 -hydroxyanthrone also undergoes 
the pinacol condensation, although the reduction goes further and 
leads to dihydrodianthranyl , which may be (I) or (II) or a tautomeric 
mixture of these. The powerful blue fluorescence renders (II) the 
more probable, but the existence of fluorescence cannot be taken as 
definite proof of the presence of a “ bridge ” (compare Padova, 
Ann . Ghim 1910, 19, 358, 435; Jiingermann, Ber ., 1905, 38, 
2868). 


(i.) 


/C 6 H 4X c 6 H 4x 

HC^-^C-CH< >CH 2 

\3„h/ \c,h/ 

(H.) 


The reduction of 10-hydroxyanthrone (III) to dihydrodianthranyl 
cannot take place through preliminary formation of anthrone, for, 
as already shown (Barnett and Matthews, loc. cit.), the reduction of 
this gives only dianthranyl and a-anthrapinacolin. Further, neither 
dianthranyl nor dianthranol is attacked under the experimental 
conditions employed, although dianthranol is reduced to dihydro¬ 
dianthranyl by tin and hydrochloric acid. It therefore follows that 
in the reduction of 10 -hydroxyanthrone with zinc and hydrochloric 
acid attack first takes place at the carbonyl group, involving the 
formation of a pinacol (IV), and that further reduction of the 
pinacol must be due to ready attack of the “ nascent ” dianthranol 
molecule (V) formed by loss of water across the rings. 


°C<^>.°H —: 

(V) 

(I.) or (II.) 


ho.hoAS» C ^W 


Xh/ 


X C 6 h/ 


CH-OH 


/0 6 h 4 \ 

HOC^--- 7 OOH 

x o 6 h/ n c 6 h/ (v,) 


* AH the anthrone formulas given in this paper are numbered with the 
carbonyl group in position 9. 
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10-Hydroxy- 10-phenylanthrone differs from 10-hydroxyanthrone 
in giving on reduction a dianthranyl and not a dihydrodianthranyl 
derivative. Here the mechanism of the reaction probably consists 
in preliminary reduction to phenylanthrone, from which diphenyl- 
dianthranyl is very readily produced (Barnett and Cook, J. 5 1923, 
123, 2631). 

The zinc-hydrochloric acid reduction of the two a-chloro-10- 
hydroxyanthrones gave compounds for which analytical figures 
corresponding to the a-chloroanthrones were obtained. The com¬ 
pounds were not the a-chloroanthrones, but each passed into the 
corresponding a-chloroanthrone on treatment with alcoholic sodium 
hydroxide. These compounds are at present under investigation 
and their structure will be discussed in a future communication. 

Further information on the mechanism of reduction of a hydroxy- 
anthrone was obtained by comparing the behaviour of 10-hydroxy- 
anthrone itself towards acids and towards reducing agents with 
that of the two a-chloro-10-hydroxyanthrones: 

10-Hydroxy- 4-Chloro-10-hydr- l-Chloro-10-hydr- 
anthrone oxyanthrone oxyanthrone 

gives gives gives 

10-Bromoanthrone 4-Chloro-10-bromo- 1-Chloro-lQ-bromo- 
anthrone anthrone 

1O-Chloroanthrone 4 : 10-Dichloro- 1-Chloroanthraquin- 
anthrone one and 1-chloro- 

anthrone 

Anthraquinone and 1-Chloroanthraquin- 4 : 4'-Diehloro-9 : 9'- 
anthrone one and 4-chloro- dianthrone, 

anthrone 1-chloroanthrone, 

and a trace of 
1-chloroanthra- 
quinone 

Anthrone and a 4-Chloroanthrone 4: 4'-DichIoro-9 : 9'- 
small amount of dianthrone 

dihydrodianthr- 
anyl 

Anthraquinone and 1-Chloroanthraquin- 1-Chioroanthraqmn- 
anthrone one and 4-chloro- one and 1-chloro- 

anthrone anthrone 

Anthrone 4-Chloroanthrone 1-Chloroanthrone. 

« 

10-CMoroanthrone is an extremely stable substance and is readily 
prepared in good yield by the direct ohlorination of anthrone, 
although Goldmann (Bar., 1887, 20, 2436; 1888, 21, 1176) failed 
to obtain it by this method. It is best identified iii the form of 

y o 0 H 4\ 

the pyridinium salt, OH’C^——-^C’CgHgNCl (VI) or 

OH 

OC( 6 4S >CH-C 5 H 5 NC1 (VII). 

N3 6 h/ 

The direct chlorination of 4-chloroanthrone gave 4:10-dichloro- 


With 

HBr 

HC1 

HI (1 or 2 
mols.) 

Sn and HC1 

H a S0 4 

A1 and 
H a S0 4 
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anthrone, whereas from 1-chloroanthrone the only product obtained 
was 4 : 4'-dichloro-9 : 9'-dianthrone, the 1:10-dichloroanthrone 
apparently being very unstable. It was not possible to prepare the 
last compound by the action of hydrogen chloride on the correspond¬ 
ing hydroxyanthrone, a disproportioning taking place with the 
production of the corresponding anthraquinone and anthrone. 
Other acids cause a disproportioning of the hydroxyanthrones, the 
mechanism of which has been discussed by Scholl (Ber., 1923, 
56,1065). 

.Hydroxyanthrone is readily converted into anthraquinol by boiling 
water in absence of air, this being the best method for preparing 
anthraquinol. 

Nitration of dihydrodianthranyl leads to a nitrodihydrodianthranyl , 
a reaction which favours formula (II) without, however, excluding 
formula (I). The nitration is not preceded by oxidation as in the 
case of dihydroanthracene (Meisenheimer, Annalen , 1902, 323, 205; 
1904, 330, 133), or of dichlorodihydrodianthranyl (Barnett and 
Matthews, J., 1923, 123, 2549), the product isolated in the latter 
case being dichlorodinitrodianthranyl. 

.Dihydrodianthranyl reacts slowly with excess of bromine in 
carbon disulphide solution with the production of dibromodihydro- 
dianthranyL 

Dianthranol is converted by hydriodio acid in glacial acetic aoid 
exclusively into anthrone and by tin and hydrochloric acid into a 
mixture of anthrone and dihydrodianthranyl. In these reactions 
it is improbable that anthrone is produced by the direct reduction 
of dianthranol and it seems almost certain that reduction is preceded 
by ketonisation to dianthrone, which is then reduced to anthrone. 
The suggestion was at first put forward (Barnett and Matthews, 
J,, 1923, 123, 380) that the reduction of dianthrone (VIII) to 
anthrone (X) was due to the instability of the dianthranyl ring 
system, reduction taking place at the bond joining the two meso- 
carbon atoms. Further work has rendered this view improbable* 
for if the single bond which joins the two anthracene ring systems 
in dianthrone shows this lack of stability, the corresponding double 


rmi.) co/ C ^>h.ch/ CA > 
\h/ \h/ 


/ U 6*4\ /C e H lx 

(ix.) C0H4-pCH —> Co/ \CH 2 (X.) 


in dianthraquinone should be even more susceptible to reduc¬ 
tion. This, however, is not the case, dianthraquinone on reduction 
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giving dianthranol and not dianthrone. It therefore seems probable 
that hydrogen adds on to the carbonyl groups in dianthrone instead 
of to the single bond joining the two anthracene ring systems. 
In order to satisfy the requisite valencies, the “ bridge ” bond must 
be established with necessary rupture of the bond joining the two 
anthracene ring systems; the anthranol thus produced being at 
once ketonised to anthrone (X). 

A similar explanation suffices to account for the reduction of 
4 : 4'-dichloro-9 : 9'-dianthrone to the corresponding anthrone. 

Experimental. 

Dihydrodianthranyl (I or II).—To 20 g. of 10-hydroxyanthrone in 
100 c.c. of boiling glacial acetic acid, 20 g. of zinc dust and 50 c.c. 
of concentrated hydrochloric acid were added simultaneously in 
small amounts. The addition of these two reagents must be simul¬ 
taneous, since excess of hydrochloric acid causes decomposition of 
the hydroxyanthrone and excess of zinc dust brings about reduction 
to anthrone (Meyer, loc. cit.). After refluxing for 5 minutes the 
solid was separated from the hot solution. It crystallised from 
pyridine as an additive compound in greenish-yellow, flat needles, 
which lost pyridine on drying in the steam-oven for 3 days. The 
product (6 g.) became yellowish-grey and melted at 298—300° to a 
black liquid. In this state, it is pure enough for most purposes. 
For analysis it was recrystallised four times from benzene (Found: 
C, 94*5; H, 5*7. C 28 H 20 requires 0, 944; H, 5-6%). 

Dihydrodianthranyl exhibits an intense violet-blue fluorescence 
in organic solvents. It is easily soluble in chloroform, but less so 
in carbon disulphide, pyridine, acetone, or ether. 

Dibromodihydrodianthranyl .—Excess of bromine (1 c.c.) was 
added to a cold solution of dihydrodianthranyl in carbon disulphide. 
After 12 hours, most of the carbon disulphide was distilled off, 
ether added, and the resulting solid recrystallised twice from 
small quantities of pyridine and dried in the steam-oven (Found: 
C, 654; H, 3*6; Br, 31*1. C 28 H 18 Br 2 requires C, 654; H, 3*5; 
Br, 31*1%), 

Dibromodihydrodianthranyl forms yellow crystals which do not 
melt at 320 9 and darken on exposure to light. Its solutions exhibit 
a blue fluorescence. • 

Nitrodihydrodianihranyl. —Excess of nitric acid (d 142; 2 c.c.) 
was added to 1*5 g. of finely powdered dihydrodianthranyl sus¬ 
pended in 50 c.c. of cold glaoial acetic acid. After 12 hours, the 
solid was collected, washed with acetic acid, and dried in the steam- 
oven. The same compound was also obtained when the nitration 
was carried out at 80—100° and only one molecule of nitric acid 
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used. For analysis, it was recrystallised twice from glacial acetic 
acid, in which it was very sparingly soluble, separating in golden- 
yellow needles which melted and decomposed at 305° and darkened 
on exposure to light (Found : C, 83*6; H, 4*9. C 28 H 19 0 2 N requires 
0, 83*8; H, 4*7%). 

Bichlorodinitrodianthranyl . —Dichlorodihydrodianthxanyl * (Bar¬ 
nett and Matthews, J., 1923, 123, 2549) in cold glacial acetic acid 
suspension was resistant to nitric acid, but oxidation and nitration 
took place when 3 g. of the finely powdered material were suspended 
in 30 c.c. of glacial acetic acid, 2 c.c. of nitric acid (d 1*42) added, 
and the whole slowly heated to the b. p. After cooling, the orange- 
red solid was collected, washed with acetic acid and ether, and 
recrystallised twice from small quantities of pyridine-alcohol. It 
then formed orange-red needles which became dark red on exposure 
to light and did not melt at 330° (Found: C, 65*5; H, 3*5; Cl, 
13*8. CggH^^Clg requires C, 65-5 ; H, 2*7; Cl, 13*8%). 

j Reduction of 10-Hydroxy-lO-phenylanthrone. —To 2-3 g. of hydroxy- 
phenylanthrone and 25 c.c. of boiling glacial acetic acid, 2 g. of 
zinc dust and 4 c.c. of concentrated hydrochloric acid were added 
simultaneously, and the whole was boiled under reflux for 5 minutes. 
After cooling, the solid was collected and the excess of zinc removed 
by digestion with dilute hydrochloric acid. The resulting diphenyl- 
dianthranyl (1*5 g.) was identified by analysis (C, 94*9; H, 5*2, 
Calc., C, 94*9; H, 5*1%) and by direct comparison with an authentic 
sample. 

Reduction of Dianthranol—(a) To 3 g. of dianthranol and 5 g. 
of zinc dust in 40 c.c. of boiling glacial acetic acid, 8 c.c. of con¬ 
centrated hydrochloric acid were added during 2£ hours, and the 
boiling was continued for a further \ hour. The yellow solid which 
separated from the filtered solution on cooling consisted mainly of 
unchanged dianthranol. 

(b) Finely powdered dianthranol (3 g.) and zinc dust (12 g.) were 
heated on the water-bath with 50 c.c. of ammonia (d 0*880) and 
50 c.c. of water for 3 days with occasional additions of more ammonia, 
sodium hydroxide, and zinc dust. The hot solution was filtered, 
the zinc dust extracted with dilute hydrochloric acid, and the 
residue recrystallised from pyridine; 0*6 g. of anthracene (m. p. 
217°) was thus obtained. 

(c) Dianthranol (1 g.) was boiled under reflux for 5 minutes with 
20 c.c. of glacial acetic acid and 2 c.c. (2 mols.) of hydriodic acid 
(d 1*7), and the whole then diluted with hot water to incipient 
crystallisation* The dark crystals which separated on cooling were 

* The m.p. of this compound, owing to a misprint, was given in the paper 
cited as 288° instead of 268°. 



MATTHEWS : REACTIONS OF THE 7716SO -H YEROX YANTHRONES. 241 

boiled with potassium iodide solution, and 0*9 g. of anthrone 
obtained. Dianthrone under similar conditions also gave anthrone. 

(d) Dianthranol (5 g.), tin (8 g.), and glacial acetic acid (80 c.c.) 
were boiled under reflux and concentrated hydrochloric acid (15 c.c.) 
was added during 1 hour. After boiling for a further £ hour, the 
hot solution was filtered. The dihydrodianthranyl which separated 
on cooling was recrystallised from benzene (yield 0*8 g.). The acetic 
liquors on dilution with water gave anthrone, which was recrystal¬ 
lised from glacial acetic acid and converted into anthranyl acetate. 

The products in (6), (c), and (d) were each identified by com¬ 
parison with an authentic specimen. 

Reduction of Dianthraquinone. —Dianthraquinone (0*5 g.) and 
zinc dust (2 g.) were suspended in boiling glacial acetic acid (10 c.c.), 
and concentrated hydrochloric acid (3 c.c.) was added during 
20 minutes. After filtration, dilute hydrochloric acid was added 
and the solid recrystallised from acetone. It was identified as 
dianthranol by its complete solubility in cold aqueous sodium 
hydroxide and by the preparation of dianthranyl diacetate. 

1 -Chloro-9-anthranyl Acetate .—A mixture of 5 g. of 1-chloro- 
9-anthrone, 30 c.c. of pyridine, and 7 c.c. of acetic anhydride was 
heated on the boiling water-bath for 15 minutes and then poured 
into boiling water. The solid after recrystallisation from alcohol 
formed long, yellow needles, m. p. 110—112° (yield 4*8 g.). Its 
alcoholic solutions exhibit a blue fluorescence (Found: 01, 13*2. 
C 16 H u 0 2 C1 requires 01, 13*1%). 

4:-Chloro-Q~anthmnyl Acetate .—A similar mixture containing 
4-chloro-9-anthrone * was heated for 10 minutes, the subsequent 
procedure being as above. The product formed almost colourless 
needles, m. p. 124—126° (yield 4*6 g.) (Found: Cl, 13*2%). Its 
solution in alcohol had a blue fluorescence. 

l-ChloroAO-bromoarrihrone,— Bromine (4 c.c.; 1 mol.) was added 
to 18 g. of finely powdered 1-chloroanthrone suspended in 50 c.c. 
of carbon disulphide. The solid (22*5 g.), after being washed with 
carbon disulphide and ether, was pure enough for most purposes, 
but for analysis a sample was recrystallised twice from chloroform, 
in which it was moderately soluble, separating in faintly yellow 
crystals, m. p. 165° (decomp.), which darkened on exposure to light 
(Found: Cl + Br, 37*75. C u H s OClBr requires Cl + Br, 37*6%). 

l-Chloro-10-hydrozyanthrone.— The above bromo-compound (22 g.) 
was boiled under reflux with 240 c.c. of acetone and 160 c.c. of water 
* In preparing this compound by Barnett and Matthews’s method (I., 
1923, 128, 2549) the reduction must not be too prolonged, since it has been 
found that 4-chloro-9-anthxone—unlike anthrone itself-nslowly undergoes 
the pinacol condensation with tin and hydrochloric acid with the production 
of dichlorodihydrodianthranyl. 
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until an almost clear solution was obtained (about 5 minutes), the 
filtered solution was cooled in ice, and 160 c.c. of water were added 
slowly.* The resulting solid was recrystallised three times from 
benzene and then formed fine, white needles, m. p. 144—145°, 
which dissolved in boiling aqueous sodium hydroxide to form a 
deep red solution (Found : 01,14-6. C 14 H 9 0 2 C1 requires Cl, 14*5%). 

^-CMoro-lO-hydroxyanthrorie. —4-Chloro-10-bromoanthrone (5 g.) 
was refluxed with 120 c.c. of acetone and 80 c.c. of water for 15 
minutes, the filtered solution cooled in ice, and cautiously diluted 
with 100 c.c. of water. The yellow solid (2*5 g.) was washed with 
water, dried in a vacuum desiccator, and twice recrystallised from 
benzene; it then formed faintly yellow crystals, m. p. 144—145°. 
It is not altered in m. p. by mixing with l-chloro-10-hydxoxy- 
anthrone (Found : Cl, 14*5%). 

10 -Chloroanthrone, — (a) Dry hydrogen chloride was passed for 
10 minutes through a suspension of 5 g. of finely powdered 10- 
hydroxyanthrone in 40 c.c. of toluene, a yellow precipitate forming. 
After dilution with light petroleum, the solid was collected and 
recrystallised from benzene, from which it separated with benzene 
of crystallisation, which was lost on drying in the steam-oven 
(Found: Cl, 15-5. C 14 H 9 0C1 requires Cl, 15*5%). 

10 -Chloroanthrone forms colourless needles which melt and evolve 
gas at 225°. It is very much more stable than the corresponding 
bromo-compound and can be recrystallised from boiling xylene. 
It is stable towards boiling dilute solutions of alkali hydroxides, 
but dissolves in their alcoholic solution with a yellow colour. It 
is hydrolysed, but very much more slowly than 10-bromoanthrone, 
to 10-hydroxyanthxone by boiling with aqueous acetone. 

(6) Finely powdered 10-hydroxyanthrone (1 g.) was boiled with 
50 c.c. of concentrated hydrochloric acid for \ hour. The product 
was recrystallised from xylene and identified by its conversion 
into anthronylpyridinium chloride (see below). 

(c) Very finely powdered anthrone (40 g.) was added to 180 c.c. 
of a solution of chlorine in carbon tetrachloride (9*5% weight- 
volume). The reaction was extremely sluggish, but took place 
rapidly with evolution of heat on the addition of a trace of iodine, 
so that cooling with water became necessary. When it was com¬ 
plete (about 10 minutes) the whole was cooled in ice, and the solid, 
after being washed with carbon tetrachloride and ether, was dried 
in the steam-oven. The yield was 33 g. and the product pure enough 
for most purposes without further treatment. It was identified 
into anthronylpyridinium chloride. 

succeeding preparation the addition of water must be 
srwise the product separates as an oil. 


l|p; its conversion 


.'and; the 
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10-Hy dr oxyanthranyl-9-pyridinium Chloride (VI) or Anthronyl- 
pyridinium Chloride (VII).—Chloroanthrone (2 g.) was heated with 
15 c.c. of pyridine on the water-bath for 15 minutes, the crystals 
were washed with ether and then twice recrystallised from very 
dilute hydrochloric acid; orange-red needles, m. p. 204° (decomp.), 
were obtained (Found: Cl, 11*0. C 19 H 14 0NC1,H 2 0 requires 
Cl, 10-9%). ' 

This chloride is easily identified by its reactions, which are 
similar to those of the corresponding bromide (Barnett, Cook, and 
Grainger, J., 1922, 121, 2059). 

4:10 -Dichloroanthrone. — (a) Dry hydrogen chloride was passed 
for 10 minutes through 3 g. of finely powdered 4-ehloro-10-hydroxy- 
anthrone suspended in 20 c.c. of benzene; the solid slowly dissolved 
and crystals began to separate. After addition of light petroleum, 
these were collected and twice recrystallised from small quantities 
of chloroform and light petroleum, faintly yellow crystals being 
obtained, m. p. 127—128° (Found : Cl, 26-9. C 14 H 8 0C1 2 requires 
Cl, 27-0%). 

1 -Chloro-10-hydroxyanthrone, when treated with hydrogen 
chloride under identical conditions, gave a mixture of 1-chloro- 
anthraquinone and 1 - chloro - 9 - anthrone. 

(b) A solution of chlorine in carbon tetrachloride (10 c.c.; 9*5% 
weight-volume) was added to finely powdered 4-chloro-9-anthrone 
(3 g.) suspended in 10 c.c. of carbon tetrachloride. No reaction 
took place until a crystal of iodine was added; hydrogen chloride 
was then slowly evolved and the solid dissolved. After concentra¬ 
tion to small bulk, light petroleum was added and the solid recrystal¬ 
lised from a small quantity of chloroform-light petroleum. It was 
identified as 4 :10-diohloroanthrone by the method of mixed melting 
points. 

l-Chloro-9-anthrone, when treated under identical conditions, 
gave 4 : 4'-dichloro-9 : 9'-dianthrone as the sole product. 

Anthraquinol. —Finely powdered 10-hydroxyanthrone (3 g.) was 
boiled with 100 c.c. of air-free water in an atmosphere of carbon 
dioxide for 20 minutes. The precipitate was identified as anthra¬ 
quinol by its complete solubility in cold aqueous sodium hydroxide^ 
by its facile oxidation to anthraquinone, and by the preparation 
of anthraquinyl diacetate. If the boiling with water is continued 
for a longer time, the product will be contaminated with some 
anthraquinone. 

The action of acids and reducing agents on 10-hydroxyanthrone 
and on the twb a-chlorohydroxyanthrones, the results of which are 
given in the theoretical part of this paper, were carried out as 
follows : 
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Eydrobromic acid . The conditions were similar to those already 
described in the case of hydrochloric acid. 

Hydriodic acid. The hydroxyanthrone (1 g.) was dissolved in 
boiling glacial acetic acid (10 c.c.), 1 or 2 mols. of hydriodic acid 
(cZ 1-7) were added, the whole was boiled for 1 minute in an 
atmosphere of carbon dioxide, and the solution then diluted with 
water. 

Tin and hydrochloric acid. The hydroxyanthrone (1 g.), glacial 
acetic acid (10 c.c.), and tin (2 g.) were boiled under reflux, and 
concentrated hydrochloric acid (2 c.c.) was added during 5 minutes. 
The dianthrone or dihydrodianthranyl was filtered from the boiling 
solution. The filtrate on cooling deposited the anthrone. 

Sulphuric acid. The hydroxyanthrone was dissolved in a small 
quantity of concentrated sulphuric acid in an atmosphere of carbon 
dioxide, kept in the cold for 15 minutes, and the product precipitated 
by pouring into ice-water. 

Aluminium and sulphuric acid. The hydroxyanthrone (1 g.) was 
dissolved in concentrated sulphuric acid (11 c.c.), and aluminium 
powder (0*25 g.) added with cooling. A series of colour changes 
took place, the end of the reaction being determined by frothing 
and by the changing of the dark colour of the solution to light 
yellow or green (about f hour). The product was precipitated by 
pouring into ice-water and purified by recrystallisation. 

The identification of the compounds formed in the above reactions 
was effected usually by means of direct comparison with authentic 
samples. 1-Chloro- and 4-chloro-9-anthrone were differentiated by 
the preparation of the respective anthranyl acetates. When an 
anthrone occurred together with an anthraquinone, separation was 
not practicable by means of fractional crystallisation. The anthra¬ 
quinone was detected by the anthraquinol test. The anthrone was 
detected by dissolving some of the mixture in boiling alcoholic 
sodium hydroxide and adding a drop of chloroform : if anthrone is 
present, a green colour is produced (compare Padova, Compt. rend. 7 
1909, 148, 290); if l-chloro-9-anthrone is present, a green colour 
will also develop; but if 4-ehloro-9-anthrone is present, a dirty 
brown colour appears, thus affording a means of differentiating 
between 1- and 4-chloroanthrones. The most effective way of 
identifying 4 :4'-dichloro-9 : 9'-dianthrone was by reducing 0*5 g. 
with tin (1 g.) in boiling glacial acetic acid (40 c.c.) and adding con¬ 
centrated hydrochloric acid (3 c.c.) until all the solid matter had 
gone into solution (1| hours). After filtration from the undissolved 
tin, water was added to incipient crystallisation, and the 1-chloro- 
1 Enthrone thus obtained identified by direct comparison with an 
^ttheniic sample. 
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Summary . 

1. The reduction of 10-hydroxyanthrone and 10-hydroxy- 
10-phenylanthrone has been studied. Both compounds undergo 
the pinacol condensation with the production of dihydrodianthranyl 
and diphenyldianthranyl respectively. 

2. The reduction of dianthranol under various conditions has 
been found to give anthracene, anthrone, and dihydrodianthranyl. 

3. The mechanism of the reduction of a dianthrone to an anthrone 
has been discussed. 

4. 10-Chloroanthrone, a substance of remarkable stability, has 
been prepared by the action of hydrochloric acid on 10-hydroxy- 
anthrone and of chlorine on anthrone. 

5. The action of acids and reducing agents on hydroxyanthrone 
and 1- and 4-chloro-10-hydroxy-9-anthrones has been examined. 
With some acids a disproportioning to the corresponding anthra- 
quinone and anthrone takes place; reduction usually leads to the 
corresponding anthrone. 

6. Hydroxyanthrone is easily enolised to anthraquinol by boiling 
water. 

The author desires to express his thanks to the Department of 
Scientific and Industrial Research for a grant which enabled him 
to carry out this work. 

The Sir John Cass Technical Institute, 

Jewry Street, E.C. 3. [Received, September 14 th, 1925.] 


XXXVI.— oyoloHexaneBi^ivocjclohe^ane. 

By Woobforb Stanley Gowan Plxjcknett Norris, 

There is remarkable agreement between the relative ease of produc¬ 
tion of homologous alicyclic rings, the <c formation numbers ” 
calculated from the interatomic angle (115°) in saturated carbon 
chains (Ingold, J,, 1921,119, 305), and the heats of ring formation 
(Stohmann and Kleber, J. pr . Chem 1892, 45, 475). The effect of 
substitution (particularly substitution of a ^m-grouping) on the 
ease of closure in any of the simple q/cfoparaffins is very pronounced, 
even in comparison with the difference, in ease of ring formation, 
between one member of the series and the next. BE, therefore, 
the above agreement is fundamental and not fortuitous, the intro¬ 
duction of a substituent should cause an alteration in the heat of 
formation of a c^doparaffin ring comparable with the differences, 
in heat of formation, between successive ring homologues; indeed. 
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the alteration should be much greater than, the accuracy of any 
individual determination. The application of thermochemical 
methods to the more complex cyclic substances encountered in the 
study of s#iro-compounds and of condensed alicyclic systems 
should therefore be capable of giving an actual quantitative measure 
of the influence of substituents on ease of ring formation. 

It would, for example, be possible, by determining the heats of 
combustion of two corresponding series of hydrocarbons (A) and 
(B), in which R and R' are progressively altered, to obtain a measure 


(A.) 


R'^°%5H 2 ] m -CH 3 


R [CH 2 ] n -CH 2 

R'^ C ^[CH 2 v6H 2 


(B.) 


of the effect of substitution on the ease of closure of the ring present 
in (B). The chief interest of such a line of work would lie in the 
spiroeyclic series. Spiran hydrocarbons have not, however, 
hitherto been described.* One such hydrocarbon, cyclohexane- 
spirocyclotercme, has now been prepared. 

An account of the initial stages of the synthesis has already 
appeared (Norris and Thorpe, J., 1921, 119, 1199). ct/cZoHexane- 
spirocyclohexsLne- 3: 5-dione (I) was obtained by hydrolysing the 
ester (II); the latter was prepared by the condensation of Wallach’s 
ketone, c^cZohexylideneacetone, C 5 H 10 >CICH*GOMe, with ethyl 
sodiomalonate. The reduction of the diketone (I) has now been 

f*TT /CH 2 -CH 2 \p/CH2*C0\pTT p-p- p/CH 2 *C0\pTr 

(I.) (II.) C0 2 Et 

accomplished by indirect methods similar in general to those by 
which Crossley and Renouf (J., 1905, 87, 1494; 1907, 91, 63} 
prepared 1 :1-dimethylcycZohexane. 

Grossley and Le Sueur (J., 1903, 83, 110) found that dimethyl- 
dihydroresorcinol was converted into 5-chloro-l: 1-dimethyl-A 4 - 
c?/cZohexen- 3-one by means of phosphorus trichloride in chloroform 

(III.) (IV.) 

solution. The spzro-diketone (I) similarly gives the unsaturated 
cMoro-ketone (III). Reduction of this with sodium and moist ether 

r> ; . * Iugold (J., 1923,123, 1706) has shown conclusively that the hydrocarbon 
JlP&erto represented to be cyclopropemespirocycloprop&ne consists essentially 
^■■l^jai^jd^cZobutene, unaccompanied by any of its isomerides in the cyclo - 
series*, 
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(compare Crossley and Renouf, loc. cit.) produced much, resinous 
matter, from which only a trace of the $pw>-alcohol (IV) could be 
isolated. However, by the action of zinc dust on the chloro-ketone 
in boiling glacial acetic acid solution, cyclo^ea%& 7 &espirocyclofte#cwi- 
Q-onc (V), which is analogous to Ron’s cycZohexanes^nroct/cZobutan- 
3-one (J., 1922,121, 515), was obtained in reasonable yield. 

The refractive power of the ketone (V) was measured for sodi um 
light and for the red and blue hydrogen lines, but not for the violet 
line on account of selective absorption. The molecular refraction 
shows inappreciable exaltation (0*08), in contrast with the increase 
(0*77) observed by Kon in the molecular refraction of his ketone; 
moreover, the molecular dispersion between the red and the blue 
shows no increase over the theoretical value. This result will not 
be surprising when it is remembered that cycZopentanes and cyclo- 
hexanes normally show scarcely any optical anomaly (compare 
Eisenlohr, “ Spektrochemie organischer Verbindungen ”), and that 
the figure of instability * (maximum valency curvature) for cyclo- 
hexenieapirocyclohexme is only 0-22, as against 0*18 for 1:1-di- 
methykycZohexane, 0-08 for cyclohexme itself, and 013 for cyclo - 
pentane. 

The ketone (V) gave, on reduction with sodium and moist ether, 
a good yield of cyclohexa7WS$kocyGlohexan-%-ol (IV). The 
constitution of this alcohol was confirmed by oxidising it with nitric 
acid to cycZohexane-l-acetic-l-propionic acid (VI). 


PH ^n^CH 2 -COoH 
0 >^ C H 2 - C IT 2 -C O2 H 

(VI.) 


G 6 H 10>C<Qg^Q^>CH 2 
(VII.) 


The conversion of the alcohol (IV) into the 6romo~derivative 
(VII) by the action of fuming hydrobromic acid presented unexpected 
difficulties. Not only did the replacement of the hydroxyl group 
by bromine proceed with great reluctance, but the boiling points of 
the two compounds lie very close together, rendering even partial 
separation a very tedious process. The same difficulty was encoun¬ 
tered in attempts to isolate the corresponding cMom-derivative. 

C 6 H 10 >O<gg;^>CH 2 

(vra.) (ix.) 

- O.H u >0<g^: ( g>OH (« ' 

By reducing the impure bromo-compound (VII) in alcohol with 
zinc dust, cydohex&nespirocycbhex&ne (VUE) was obtained together 

* THe figure of instability for a 6-oarboa ring is expressed by 
[8a/8S]s-o-■ sin ® — coe9. •' 
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with an unsaturated hydrocarbon (IX or X), evidently produced by 
loss of hydrogen bromide; a result contrasting with the production 
under similar conditions of 1 : l-dimethylcycZohexane only from 
3-bromo-l: I-dimethy lci/cZohexane (Crossley and Renouf, loc. cit.). 

The final stage in the reduction was effected by shaking the 
mixture of saturated and unsaturated hydrocarbons with colloidal 
palladium in an atmosphere of hydrogen. 

This investigation cannot be continued for the present, but it will, 
it is hoped, be concluded at some future date. 

Experimental. 

cycloHeocanes-pkooyclohexan-S ; 5-dione (I).—The diketone of 
Norris and Thorpe (loc. cit.) has been further characterised by the 
formation, on hydrolytic fission, of cyolohexane-l-acetone-l-acetic 

acid, 0 6 H 10 >C<^;COIg The ketone (1 g .) and 6 g. of 

crystalline barium hydroxide dissolved in 25 c.c. of water were heated 
at 200° for 24 hours. The ethereal extract of the acidified liquid 
left, after evaporation of the solvent, a pale yellow oil (yield prac¬ 
tically quantitative), which set on cooling to a white solid and gave 
no colour with ferric chloride. The keto-acid, which is volatile in 
steam, is very soluble in ether, benzene, or alcohol, less so in water, 
or light petroleum (b. p. 40—60°); it separates from the latter in 
short, colourless needles, m. p. 67° (Found: C, 66-8; H, 8*8. 
CjiHigOg requires C, 66*7; H, 9*1%). The semicarbazone 
separates from methyl alcohol in colourless plates, m. p. 183*5° 
(decomp.) (Found: C, 56*55; H, 8*4; N, 16*6. C 12 H 21 ON 3 
requires C, 56*4; H, 8*3; N, 16*5%). 

Action of Phosphorus Trichloride on the Diketone (I), oyclo- 
Hemnespixo-S-chloro-A^-cyclohexen-S-one (III).—A mixture of 67 g. 
of the diketone (which must be dry and free from resinous matter 
and hydrochloric acid), 250 c.c. of dry chloroform, and 17*5 g. of 
phosphorus trichloride was heated under reflux for 3 hours, cooled, 
and the unchanged diketone filtered off. The residue after dis¬ 
tillation of the chloroform was dissolved in a little ether and poured 
into 1300 c.c. of water, which was then extracted with ether four 
times. The ethereal solution, after being thoroughly washed with 
10% sodium hydroxide solution (from which more of the diketone 
was obtained on acidification), was washed once with 25% sulphuric 
acid, twice with water, and dried over calcium chloride. The 
residue, after the ether had been removed through a column, was 
distilled under reduced pressure. The chloro-ketone , b. p. 167°/30 
; npnjt., 160°/17 mm., 157°/12 mm., solidified, on cooling, to a white, 
ca^alline mass, which had a pungent camphor-like odour and 
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separated from light petroleum (b. p. 60—80°) in large, colourless 
prisms, m. p. 47° (Found : Cl, 17*8. C n H 16 OCl requires Cl, 17*8%). 

The semicarbazone separates from methyl alcohol in glistening 
plates, m. p. 219° (decomp.) (Found : N, 17*0, 16*2. C 12 H 18 0N 3 C1 
requires N, 16*4%). 

The recovered diketone (24%) was purified with difficulty, 
owing to the presence of resinous phosphorus compounds, and in 
many cases could not be used again. 

Reduction of the Chloro-ketone with Zinc Dust in Glacial Acetic 
Acid . GycloHexanes-piroc-yclohexan-d-one (V).—Zinc dust (33 g.) 
was added, the first portions in very small quantities because of the 
violence of the reaction, during 24 hours to a solution of 25 g. of the 
chloro-ketone in 80 c.c. of glacial acetic acid, boiling under reflux. 
The liquid was neutralised with caustic soda solution and steam- 
distilled. From the distillate, ether extracted the ketone (yield 
86 %). 

The semicarbazone separated from ethyl alcohol in colourless, 
flattened needles, m. p. 224*5° (decomp.) (Found: N, 18*9. 
C 12 H 2 jONg requires N, 18-8%). 

The ketone, regenerated from the semicarbazone by boiling with 
oxalic acid and water in a current of steam, and extracted from the 
distillate with ether, was a colourless, mobile liquid, b. p- 225°/772 
mm. or 130°/15 mm., having a pungent odour similar to that of 
cedarwood oil (Found: C, 79-8; H, 10-7. C u H 18 0 requires 
C, 79-5; H, 10-9%). The freshly distilled ketone had cP r 0-98417, 
?i c 1-48432, %, = 1-48685,-ftp 1-49322 (no violet light was transmitted). 
Hence [R L ] D = 48-55; [R L ]p _ 0 == 0-76, the calculated values being 
48-61 and 0-75, respectively. 

The ketone is stable towards neutral permanganate, and slowly 
attacked by the alkaline reagent in the oold. 

The oxime, prepared by boiling the ketone for 1 hour with 
hydroxylamine hydrate (1-5 mols.) in aqueous-alcoholic solution, 
separated from light petroleum (b. p. 40—80°) in large, colourless 
prisms, m. p. 128° (Found: C, 73-1; H, 10-6. C n H 19 ON requires 
0,72-9; H, 10-6%). 

Reduction of the spiro Ketone with Sodium in Moist Ether, cyolo-. 
HexaneBpiTOcye\ohexan-3-ol (IV).—A solution of 18 g. of the crude 
ketone (from the reduction of 25 g. of chloro-ketone) in 100 c.c. of 
ether and 10 c.c. of alcohol was poured on to 200 o.c. of water in a 
separating funnel, to which was attached a reflux oondenser. 
Sodium (19 g., in thin slices) was gradually added, the water being 
changed after addition of the first 10 g.■; this water was extracted 
with a little ether, which was then transferred to the funnel. When 
all the sodium had been added, the ethereal solution was washed 
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twice with water, the ether removed through a column, and the 
residue distilled in steam. The ethereal extract of the distillate was 
washed twice with a saturated solution of sodium bisulphite, and 
the ether distilled through a column; the residue solidified on 
cooling in a vacuum (yield 50% of the theoretical, calculated on the 
chloro-ketone used). 

cycloHexanespirocyclohexan-Z-ol boils at 127—128°/16 mm. and 
sets to a felted mass of needles, which are too soluble in the ordinary 
solvents to be recrystallised, but melt quite sharply at 58° after 
draining well on porous porcelain (Found: C, 78*5; H, 11*75. 
CnH^O requires C, 78*5; H, 12*0%). The alcohol has a pleasant 
camphoraceous odour. 

The p -nitrobenzoate is produced when the hydroxy-compound 
and p-mtrobenzoyl chloride are boiled with pyridine in ethereal 
solution. It separates from alcohol in pearly-white plates, m. p. 
102° (Found: C, 68*3; H, 7*25. C 18 H^0 4 N requires C, 68*1; 
H, 7*3%). 

Oxidation of the spiro Alcohol. cycloHexane -1 -acetic -1 -propionic 
Acid (VI).—The hydroxy-compound (19 g.) was gradually added to 
45 c.c. of boiling, concentrated nitric acid, and the liquid was then 
diluted with water and evaporated. This process was repeated until 
no more nitric acid remained. A gummy acid (19*5 g.) was thus 
obtained (compare Crossley and Renouf, loo. cit.) which did not 
solidify. This was kept for 36 hours with 60 c.c. of absolute alcohol 
and 20 c.c. of concentrated sulphuric acid. The fraction, b. p. 
179—183°/14 mm., of the neutral ester thus produced (Found: 
C, 66-4; H, 9*5. C 15 H2 6 0 4 requires C, 66*6; H, 9*7%) was hydro¬ 
lysed with boiling alcoholic caustic potash, and the acid extracted 
from the acidified solution with ether. The residue left after 
evaporation of the ether gradually solidified when kept in a vacuum, 
and, after remaining for 3 days in contact with porous porcelain, was 
recrystallised from a mixture of chloroform and light petroleum 
(b. p. 40—60°), from which it separated in rosettes of colourless 
needles, m. p. 142*5° (Found : C, 61*45; H, 8*4. C U H 18 0 4 requires 
C,61-7; H, 8*4%). 

The acid may also be purified through the characteristic calcium 
salt, the solubility of which in water apparently increases with 
increasing temperature almost to the boiling point, and then suddenly 
decreases. 

Action of Hydrobromic Acid on the Hydroxy-compound.—The 
.spire-alcohol (20 g.) was heated for 1*5 hours in a sealed soda-water 
bottle with 110 c.c. of fuming hydrobromic acid, saturated at 0°. 
pooled liquid was resaturated with hydrogen bromide, and the 
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heating repeated. The product was poured into 1500 c.c. of water, 
and the heavy oil extracted with ether. The ethereal solution was 
washed well with a solution of sodium carbonate and then with 
water, and dried over calcium chloride. The residue, after the ether 
had been removed through a column, was distilled under reduced 
pressure. The greater portion boiled between 133° and 136°/12 mm., 
but the liquid could not be separated into definite fractions, even 
by repeated distillation. A portion taken at 133° gave the following 
figures on analysis : 0, 61*2; H, 8*7; Br, 29-2. C u H 19 Br requires 
C, 57-1; H, 8-3; Br, 34-6%. These correspond to 84% of the 
bromo-derivative, if only bromo-compound and hydroxy-com¬ 
pound were present. A purer sample was not obtained. 

Action of Hydrochloric Acid on the Hydroxy-compound .—The 
reaction was conducted as in the preceding case. The fraction of 
the product most rich in chlorine boiled at 142—148°/33 mm. and 
contained 13-7% of chlorine, corresponding with the presence of 
72% of C U H 19 C1 in the mixture. No fraction containing more 
than this amount of chlorine could be isolated. 

Reduction of the Bromo-derivative (VII) with Zinc Dust and 
Alcohol .—The crude bromo-compound (26-5 g.), containing 84% of 
the pure material, was dissolved in 90 c.c. of 90% alcohol and 
mixed with 46 g. of zinc dust and an equal bulk of sand. Enough 
absolute alcohol {ca. 10 c.c.) was added to form a clear solution, and 
the whole heated under reflux on the water-bath for 20 hours. The 
liquid was filtered into 1200 c.c. of water, and the aqueous liquid 
extracted twice with ether. The ethereal solution was washed 
with water, and dried over potassium carbonate, the ether removed, 
and the residue heated for 2 hours over metallic sodium and then 
distilled. After two further distillations over sodium (the third 
time the metal remained unattacked), a bright, colourless liquid, 
b. p« 204—208°/762 mm., was obtained having a penetrating odour 
of geranium (Found in a fraction, b. p. 204—206°: C, 874; 
H, 13-0, Found in a fraction, b. p. 206—208°: C, 87*35; H, 12*9. 
C u H ao requires 0, 86*8; H, 13*2%. C 11 H 18 requires C, 88*0; 
H, 12*0%. A 50% mixture of OnH^ and C U H 18 requires 0, 87*4; 
H, 12*6%). 

These figures indicate that the hydrocarbon contained some 
unsaturated material, a conclusion which was confirmed by the 
ready absorption of bromine in chloroform solution and by the 
reduction of permanganate in acetone solution. The analytical 
figures are so close to those given above for a 50% mixture that at 
first it was thought that a reaction in the following sense must have 
occurred:' . * ' m \ 
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2 C 5 H 10 >C<gg^HBr> 0 H 2 + Zn _> ZnBr 2 + 
c 5 h 10 >c<^: c g ^>ch 2 ch 2 <^-ch,> c<C5Hm (C 22 h 38) 
followed by isomeric change on distillation : 

c 22 h 38 -^c 5 h 10 >c< g |’-; g ^>ch 2 + c 5 h 10 >c< g ^: c c ^>ch 

(CuH^) (C u H 18 ) 

These figures have, however, never been repeated; moreover, 
3 g. of the hydrocarbon mixture absorbed, in chloroform 
solution, 0*345 g. of bromine only, whereas for a 50% mixture 0*530 
g. should have been taken up. It is concluded, therefore, that the 
remarkable agreement of the analytical results with the numbers 
required for the composition 46 C 22 H 38 ” is accidental, and that 
reduction and elimination of hydrogen bromide must have occurred 
simultaneously. 

Reduction of the Hydrocarbon Mixture with Hydrogen and Colloidal 
Palladium . GycloHexanesjykocyclohexane (VIII).—The mixed 
hydrocarbons (6 g.) were shaken in an atmosphere of hydrogen for 
8 hours with 2-5 c.c. of a 10% solution of palladium chloride, 2*5 
c.c. of a 10% solution of gum arabic in water, 5 c.c. of water, and 
enough alcohol to give a clear solution. The initial pressure of gas 
was 1070 mm.; this fell gradually to 815 mm. The product was 
isolated by distillation in steam and extraction of the distillate with 
ether. 

cjoloHeaxLiies^iioeycloheosaTie, b. p. 208 Q /777 mm., is a clear, 
colourless, mobile liquid having a faint odour of geranium (Found : 
0, 86*7; H, 13*35. Cj^Hao requires C, 86*6; H, 13*3%). It is 
quite stable to permanganate and is only slowly dissolved by 
boiling, fuming nitric acid; bromine, in chloroform solution, is 
quite without action. The freshly distilled hydrocarbon has 
<£*>'* 0*87833, n Q 1*47048, ^ 1*47313, n s 1*47902, n 0 1*48398. Hence 
[Rl]i> = 48*61, [RJs^o = 0-75, [RJg-c = 1*19. The theoretical 
figures are 48*60, 0*74, 1*19, respectively. These values show no 
optical exaltation such as might be expected were the cyclohexane 
rings in the ^Yo-hydrocarbon under a strain comparable with that 
in derivatives of cycZobutane, cyclopropane or eycZoheptane. Crossley 
and Renouf (loc. cit.) quote the following results, determined for 
1:1-dimethylcycZohexane by W. H. Perkin, sen.:— d 1B ' 6 ° 0*78543, 
n 0 1*42958, ^ 1-43728, n a 1 *44203. Hence [Rl] c = 36*85, [E*]* = 
37*78, [Bd*-c = 0*93. The calculated figures are 36*78, 37*68, 0*90, 
reflectively. The increase shown by the experimental figures 
dll||fche theoretical is inappreciable. 
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Action of Phosphorus Pentachloride on the spixo-Diketone (I). 
cyclofle:m?iespiro-3 : 5-dichloro-A? : *-cyclohexadiene .—After it had 
been found that the conversion of the spiro-alcohol into the corre¬ 
sponding halogen derivatives could not be carried out quantit¬ 
atively, it was hoped that an increased yield of the final product 
might be obtained by eliminating both oxygen atoms from the 
molecule at an early stage of the reduction. Accordingly the action 
of phosphorus pentachloride on the diketone was investigated, in the 
hope that the latter might react in the dienol form (XI) to give the 
dichloro-unsaturated hydrocarbon (XII); an expectation which 
has been realised. 


C 5 H 10 >C 


/CH"OOH 
< >CH 
XJIL/OOH 
(XL) 


PCI, 
-^ 


/CH-CCL 

°* H “ > <ch,.oo 1 > CH 

(XII.) 


The diketone (50 g.) was suspended in 130 c.c. of dry chloroform 
in a flask attached to a reflux apparatus; 125 g. of phosphorus 
pentachloride were gradually added in small quantities; after 
each addition the liquid boiled vigorously. The whole was heated 
for 3 hours on the water-bath, the cooled liquid filtered, and the 
chloroform distilled off. The residue was shaken well with ice-cold 
water, and the organic material taken up in ether. The ethereal 
solution, after being well washed with a dilute solution of caustic 
soda and then with water, was dried over calcium chloride. The 
residue after removal of the ether was distilled under reduced 
pressure. Only a very little impure diketone was recovered from 
the alkaline washings. cycloHmmespiro-3 : 5-dichloro-A 2 ‘*-Qyclo- 
hexadiene was thus obtained (yield 65%) as a pale yellow oil, b. p. 
152°/21 mm. (Found : Cl, 32*5. C n H 14 0l2 requires Cl, 32*7%). 

Unfortunately it has not yet been possible, by the use either of 
acid or of alkaline reducing agents, to prepare from this material 
a pure compound free from halogen. 

This work was carried out at the Imperial College of Science and 
Technology under the direction of Professor J. F. Thorpe, C.B.E., 
F.R.S., to whom the author is grateful for kind help and encourage¬ 
ment. His thanks are also due to the Department of Scientific and 
Industrial Research and to the Chemical Society for grants which 
have made this research possible. 

Anglo -Persian Oil Company, Ltd., 

Meadhdrst, Sunbury-on-Thaiaes. [Received, October 9th, 1925.J 
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XXXVII, — The Interaction between Copper and 
Sulphuric Acid . 

By Cecil William Rogers. 

The reactions which occur between copper and sulphuric acid have 
been investigated by Berzelius (“ Traitd de Chimie/ 5 IV, p. 324), 
Barruel (J. Pharm. } 1834, 20, 13), Maumen4 (Ann. Chim. Phys., 
1840, 18, 311), Calvert and Johnson (J., 1866, 19, 438), Pickering 
(J., 1878, 33,122), Baskerville (J. Amer. Chem. Soc ., 1895,17, 904), 
van Deventer (Chem. Centr ., 1905,1, 992), and Sluiter (ibid., p. 903). 

Berzelius noticed that a black residue formed during the reaction, 
which could be oxidised by nitric acid, and was of the opinion that 
it was the sub-sulphate. He made no analyses of the substance. 
Barruel found that the action could take place at the ordinary 
temperature if sufficient time was allowed. He held that sulphur 
dioxide was first formed which attacked the copper with the form¬ 
ation of cuprous sulphide and cupric oxide, the latter then dis¬ 
solving in the excess of acid to form the sulphate. He also made 
no analyses of the supposed sub-sulphide. Maumen£ suggested 
that more than one reaction proceeds at the same time, and intro¬ 
duced the idea of two primary reactions with a number of secondary 
reactions. One of these primary reactions led to the formation of 
sulphur dioxide and cupric sulphate; the other to the production 
of cuprous sulphide as one resultant, which, in consequence of the 
secondary reactions, became oxidised through the stages Cu 2 S; 
CuO,2Cu 2 S ; CuO,2CuS; CuO,CuS; to 6uO. Calvert and Johnson 
carried out a few experiments on the relative effect of concentrated 
and dilute acid at temperatures between 130° and 150°. They 
observed the formation of cuprous sulphide, which they considered 
was due to free sulphur combining with the metal. They made no 
analyses, but gave the following reasons for their opinions : (1) No 
hydrogen sulphide is evolved, (2) no sulphur is volatilised, (3) the 
analogy between this reaction and that of sulphuric acid upon tin. 

Pickering carried out a thorough examination of the subject in 
all its aspects and concluded that there were two primary reactions 
and two secondary reactions, the latter being dependent on the 
second primary reaction. He gave the following equations : 

A. Primary Reactions . 

(I) Cu + 2H 2 S0 4 = S0 2 + CuS0 4 + 2H 2 0, 
which was supposed to depend on the formation of nascent hydrogen. 

*•: (8) 5Cu + 4H 2 S0 4 = CusS + 3CuS0 4 + 42^0. 
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B. Secondary Reactions . 

(1) Cu 2 S + 2H 2 S0 4 = CuS + CuS0 4 + S0 2 + 2H 2 0. 

(2) CuS + 2H 2 S0 4 = S + CuS0 4 + S0 2 + 2H 2 0. 

He stated that the primary reactions. may occur either alone or 
together; that the metal is attacked at all temperatures from 19° 
upwards, the extent of the action increasing with rise in temper¬ 
ature; that very little gas was observed below 130°, and none at 
all insoluble in water; and that a deposit of sulphur was formed in 
the neck of the vessel either before or after the complete dissolution 
of the metal. He showed that no hydrogen sulphide was evolved, 
and he was the first to point out that the black residue in the flask 
consisted solely of copper and sulphur in the proportions required 
by the formula Cu 2 S. From his observation that the ratio of 
Cu 2 S/CuS 0 4> expressed in terms of the copper content, decreased 
with diminishing temperature, and that the maximum ratio obtain¬ 
able in the case of the second primary reaction was 2 : 3, he attempted 
to ascertain the temperature at which this reaction should go on 
alone. In this he was not successful, although approximations were 
obtained with the concentrated acid at 80° and with dilute acid at 
130°. In no case was a ratio greater than 2:3 observed* He 
gave a number of reasons to show that the sulphide could not be 
formed either by the action of nascent hydrogen, hydrogen sulphide, 
or by the direct action of free sulphur on the metal. 

Baskerville also carried out a series of experiments in which most 
of his work was in accord with that of Pickering, He gave the 
same equations, but differed in the detail of the operation of the 
primary reactions. He held that the first primary reaction pre¬ 
dominates at all temperatures between 0° and 270° and that the 
proportion of material conforming to the second primary reaction 
increases from 0° to 100°, and then decreases from 100° to 270°. 
Below 100°, the primary reactions alone take place, the secondary 
reactions becoming evident at the higher temperatures with pro¬ 
longed action, although even then, with short time, evidence of the 
operation of only the primary reactions was found. 

It is to be noticed that neither Pickering nor Baskerville took 
any account of the sulphur formed during the reactions beyond 
recording its formation and tracing its origin to the decomposition 
of the sulphides. They ignored altogether the possible influence 
it might have had on the results of their experiments, especially 
at the higher temperatures. Both are agreed that two primary 
reactions take place. The present work was undertaken to examine 
this question of two primary reactions, to discover reasons for the 
different views expressed upon their influence at various temper - 

k2 
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atures, and to ascertain the effect, if any, of the liberated sulphur 
upon the final result of the action. 


Experimental. 


The purest electrolytic copper foil obtainable and concentrated 
sulphuric acid (A.R.) were used. The foil was cut into pieces 
3 X 1*6 cm., one piece only being used in each experiment. 

The apparatus consisted of a reaction tube, about 6 inches long, 
furnished with two tapped side tubes for the admission of an inert 
gas and the removal of the gaseous products, and a ground glass 
stopper from which the copper was suspended on a fine glass thread. 
Sufficient acid was employed to cover the metal completely when in 
the tube, the acid being maintained at the required temperature by 
means of a suitable bath for at least i hour before the introduction 
of the metal. A current of purified carbon dioxide was passed 
through the tube throughout an experiment, this creating an inert 
atmosphere, effectively removing the gaseous products, and keeping 
the surface of the metal fairly clean. The sulphur dioxide evolved, 
which was the only gaseous product of the reactions, was absorbed 
either by iodine or potassium permanganate. The amount of 
copper used was found by weighing the strip before and after an 
experiment, and the copper as sulphate was estimated as cupric 
oxide. 

The Completed Action .—It is stated that at 270° the reaction 
represented by the equation 

Cu + 2H 2 S0 4 = S0 2 + CuS0 4 + 2H a O 
proceeds alone. A series of experiments carried out at 270° fur¬ 
nished evidence which, while supporting the above equation in 
so far as the final result is concerned, showed that this is not the 


only action which occurs. The complete conversion of the metal 
into the sulphate takes place within a few seconds of the introduction 
of the metal, and the gas is evolved with such rapidity that the 
copper is carried to the upper portion of the acid. Further, before 
the flood of gas commences, there is an appreciable interval, during 
which the surface of the metal becomes covered with a black deposit. 
This deposit is practically entirely acted upon at the conclusion 
of the experiment except for such very small particles as are carried 
out of the liquid by the upward rush of gas and deposited on the 
sides of the reaction vessel. The acid itself quickly assumes a blue 
colour and white crystals may be observed to fall continuously from 
the surface of the metal. The crystalline deposit at this temper¬ 
ature is always quite white and free from the grey tints found in 
that formed at lower temperatures. On examination under the 



it is found to consist of a large number of imperfectly 
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formed crystals together with a few tabular crystals, the whole being 
characteristic of anhydrous copper sulphate when crystallised from 
the concentrated acid at the same temperature. The examination 
of the crystalline deposits obtained at different temperatures will 
be dealt with in a later section. The following results are typical 
of those obtained at this temperature : 


No. 

Cu 

used. 

so 2 

found. 

Cu as 
CuS0 4 . 

Cu as 
sulphide. 

Sulphur. 

Acid. 

1 

0*2692 

0*2618 

— 

Trace 

Trace 

Slightly brown 

2 

0*4649 

0*4333 

— 

5) 

» - 

Brown 

3 

0*4450 

0*4208 

— 

»* 

» 

Slightly brown 

99 99 

Bed 

4 

0*4920 

0*4841 

0*4820 

99 


5 

0*4929 

0*5016 

0*4631 


99 

6 

0*5012 

0*5126 

— 

None 

None 

Colourless 


The sulphur dioxide was estimated by absorption in iodine solu¬ 
tion and titration of the excess iodine by thiosulphate. The low 
values for the copper sulphate are due to the fact that the anhydrous 
salt was filtered off before analysis, the 2—3% of copper which 
remained in solution thereby being left out of account. That 
copper still remains dissolved in the acid may be shown by the 
addition of a saturated solution of potassium bromide, when a dark, 
amorphous precipitate of the anhydrous bromide is thrown down. 
The excess of sulphur dioxide in experiments (5) and (6) is probably 
due to the dissociation of the acid itself; both experiments were 
prolonged for some time after the action had ceased. The lower 
values in some of the other cases are due to incomplete collection 
of the total sulphur dioxide owing to the closure of the experiments 
within a few seconds of the cessation of the reaction. 

An interesting point arises in connexion with experiment (5). 
After the action had ceased, the reaction tube and its contents were 
allowed to cool slowly during several hours, and the acid liquid 
was then bright red. The crystalline deposit was quite normal when 
viewed under the microscope, and the abnormal colour may be 
ascribed, perhaps, to the colloidal condition of traces of sulphur 
remaining in solution. This suggestion is supported by the fact 
that after several weeks the acid deposited a small quantity of 
sulphur and became brown; the sulphur redissolved on shaking, 
producing a reddish-brown solution, All attempts to reproduce this 
effect met with failure. 

Since traces of both sulphur and sulphide were met with at 270°, 
the reaction temperature was raised, but in the majority of cases 
both persisted. This circumstance, together, with the darkening 
of the metallic surface before the evolution of gas commences, 
points to the conclusion that the simple equation is not sufficient 
to explain the action even at this high temperature, and that the 
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formation of sulphide and the subsequent liberation of sulphur 
are probably steps in the series of reactions involved, 
i The Black Deposit .—The black deposit was therefore carefully 
investigated. Trial experiments showed that it is produced most 
abundantly between 100° and 130°. The material for examination 
was prepared by i mm ersing a large piece of the metal in the acid, a 
current of carbon dioxide being passed continuously. When the 
metal became coated, it was removed and at once plunged into 
thoroughly boiled water, beneath which the deposit was removed. 
The metal, after thorough cleansing and drying, was then returned 
to the acid, these operations being repeated until sufficient material 
had accumulated. Although the temperature range is most favour¬ 
able to the rapid formation of the sulphidic matter, it also happens 
that the acid reacts with it fairly quickly, so that the actual amount 
of material collected is comparatively small. At lower temperatures, 
the rate of reaction is too slow for the rapid collection of the sulphidic 
matter. 

The deposit was transferred from the water to a small platinum fun¬ 
nel, thoroughly washed with boiled water, dried, and weighed. Any 
sulphur present was extracted with carbon disulphide. The material 
was then treated with hot, concentrated nitric acid until ho further 
action took place, the residual sulphur being weighed. The sulphur 
was removed by ignition from the funnel, which was weighed once 
more as a check. The copper and the oxidised sulphur in the 
filtrate from the nitric acid treatment were then estimated as cupric 
oxide and barium sulphate, respectively. 

A large number of analyses of this type were carried out, and in 
every case the total percentage of copper and sulphur was about 100. 
There can be little doubt that the black residue consists entirely of 
copper and sulphur. The ratio of copper to sulphur, however, 
varied considerably, even in specimens collected from the same pieoe 
of metal and the same acid for different analyses; but the pro¬ 
portions always exhibited values between those required for cuprous 
sulphide and cupric sulphide, being nearer to the former than to 
the latter. It appears, therefore, that the first product is cuprous 
sulphide, which is then decomposed partly into cupric sulphide. The 
following table shows results obtained by the method of analysis 
given above : 


Temp. 

Cu%. 

s%. 

Total %. 

100° 

78*72 

21*49 

100*21 

110 

75*44 

25*32 

100*76 

110 

77*43 

22*11 

99*54 

120—125 

72*54 

30*36 

103*20 

125 

73*77 

25*67 

99*44 

132 

78*29 

21*56 

99*86 
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Cu 2 S requires Cu, 79*86; S, 20*14% and CuS requires Cu, 66*48; 
S, 33*52%. No oxysulphides were obtained in any of these 
experiments. 

The Secondary Reactions .—Experiments were then carried out 
with the two sulphides prepared by ordinary laboratory methods 
with the object of ascertaining the mode of decomposition of these 
substances in contact with the concentrated acid. Cupric sulphide 
was allowed to react with the acid at the required temperature 
until all had disappeared. The sulphur dioxide evolved was 
absorbed by iodine solution. A current of carbon dioxide was 
passed to assist in the removal of the sulphur dioxide* and to pro¬ 
vide an inert atmosphere. The crystalline deposit was examined 
microscopically and found to be characteristic of cupric sulphate* 
and to contain inclusions of undecomposed sulphide. For the 
estimation of the copper, both the crystalline deposit and the acid 
liquid were taken, since some sulphate remained in solution. The 
sulphur dioxide evolved was, in general, in excess of that required 
by the equation given below, the excess increasing up to a definite 
maximum with rise in temperature and with the duration of the 
experiment. This can only have been due to the sulphur set free 
during the reaction, some of which reacted with the acid, while 
some was volatilised and condensed in pale yellow crystals of the 
(3-form on the cooler parts of the reaction tube. The volatile material, 
on being heated on a microscope slide covered by a small glass dome, 
underwent all the changes characteristic of the effect of heat on 
sulphur. Small portions heated with free access of air gave the 
unmistakable odour of sulphur dioxide and reduced potassium 
dichromate. From the data given in the table below, it is evident 
that the cupric sulphide reacts with the acid according to the 
equation. 

CuS + 2H 2 S0 4 « S0 2 + CuS0 4 + S + 2H a O, 
and that the sulphur reacts with more acid : 

S + 2H 2 S0 4 = 3S0 2 + 2H a O. 


Temp. 

CuS used. 

CuO as CuS0 4 . 

SO* found. 

100° 

1*486 g. 

1*225 g. 

1*152 g. 

110 

2*465 

1*975 

1*763 

120 

2*613 

2*142 

2*435 

130 

1*753 

1*449 

1*861 

140 

3*792 

3*097 

3*471 

160 

1*937 

1*595 

3*912 (prolonged action) 

170 

1*642 

1*348 

3*536 


That cuprous sulphide reacts with sulphuric acid to produce 
cupric sulphide was established by the change of composition of the 
black sulphide after immersion in the acid for various periods, the 
acid being diluted considerably to stop the action. Sulphur 



260 


ROGERS: 


invariably made its appearance after a time. The experiments 
were made in pairs at different temperatures, one of each pair being 
stopped after a short time, the other carried on for some considerable 
time, especially at the lower temperatures, the rate of reaction being 
very slow. The original composition of the black sulphide was 
79*81% Cu, 20*58% S in the two experiments at 60° and 79*82% Cu, 
20*10% S in the others. The final compositions were : 

Temp. 60°. 80°. 100°. 120°. 160°. 

% Cu 75-71; 72-23 74-55; 69-64 76-82; 68-92 74-73; 68-51 76-22; 70*61 
%S 24-18; 27-72 24-86; 30-02 22-81; 30-82 25*60; 30-72 23-51; 28-64 

Sulphur dioxide was evolved continuously, but quantitative 
measurements were not made. Where a crystalline deposit was 
obtained, this was examined microscopically and found to be cupric 
sulphate. It thus appears that the cuprous sulphide decomposes 
into cupric sulphide with the simultaneous formation of cupric 
sulphate and sulphur dioxide according to the equation 

Cu 2 S + 2H 2 S0 4 = GuS + CuS0 4 + S0 2 + 2H 2 0, 
and that the cupric sulphide so formed then reacts with the acid 
in the manner already described. 

The Crystalline Deposit .—This has been stated by previous 
investigators to be anhydrous cupric sulphate, but as no means 
of identification were given, and owing to the possibility of the 
hydrolysis of a more complex substance on the addition of water, 
and the varying nature of some of the results obtained, it was thought 
necessary to examine the substance further. For this purpose the 
microscope was employed. 

Except when prepared at the higher temperatures, above 200°, 
and even then, only when kept at this temperature for some time, 
under which conditions the substance is fairly soluble, producing 
a green solution, the deposit is never white; it is generally of a dingy 
grey appearance* This is due to the fact that it contains a quantity 
of the two sulphides, the particles of which have served as nuclei 
round which the crystals have formed, thus protecting them from 
further attack by the acid. If such a deposit be treated with acid 
at a temperature higher than that at which it was formed, some of 
the crystals will dissolve, and the sulphides thus liberated will 
react with the acid in the usual manner. The employment of 
sufficient acid to dissolve the whole of the deposit results in the 
formation of a perfectly white, sulphide-free product on cooling. 

: At temperatures up to about 200° the crystalline deposit consists 
almost entirely of crystals belonging to the rhombic system, being 
; combinations of the pinacoids, prism, and macrodome. Typical 
^ are shown in the diagram (types a, b, c, d, and e). These 
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are transparent and colourless, and frequently contain inclusions 
of sulphide. Twinning is not, of common occurrence except in the 
case of type a. There are, in addition to these rhombic crystals, 
others which appear to be monoclinic, are green, grouped, 1 few in 
number, and are formed chiefly at 130° and above, at which 



temperature the solution also is green. They might possibly be the 
acid sulphate. 

At temperatures above 200° deposits of an entirely different 
character are obtained. The crystals are, for the most part, imper¬ 
fectly developed, and of the rhombic crystals, only those of type d 
reach full development. Types a, b, c, and e are absent. Various 

k* 
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intermediate stages in the growth of type d may be found in abund¬ 
ance, the earlier stages being represented by crystals with one fully 
developed hexagonal face, partial development of the corresponding 
parallel face, growth being greatest in the regions opposite to the 
angles of the hexagon, these faces being united by six inclined 
planes (types f, g, h). Continued growth of the irregular face leads 
ultimately to the formation of a hexagonal face corresponding to 
that originally present, the two being now united by twelve inclined 
planes and presenting the appearance of k. Subsequent growth 
fills up the hollows to produce the perfect crystal. The mode of 
formation appears to resemble that of the crystals of the alkali 
halides. In addition to these imperfect forms, there are a large 
number of monoclinic crystals, tabular parallel to the ortho axis (1). 
These are well developed. On cooling the solution obtained at 
these temperatures, no further deposition of rhombic crystals takes 
place; instead, long slender prisms make their appearance below 
about 180° (m). The prisms grow either on the monoclinic crystals 
just mentioned, or singly, or, occasionally, in groups. They appear 
to belong to the triclinic system, although their arrangement parallel 
to the orthopinacoid when growing on the monoclinic plates suggests 
that they also might be monoclinic (n). Many of them are hollowed 
out from the position of the basal pinacoid faces inwards, presenting 
the appearance of p. Copper sulphate pentahydxate, specially 
prepared for the purpose, was dehydrated either by heat, or by 
immersion in concentrated sulphuric acid for some days. The 
anhydrous substance, prepared in either manner, in solution in the 
concentrated acid below 180°, deposits nothing but the prismatic 
crystals previously mentioned. If, however, the solution is prepared 
at, say, 160°, so that it will become saturated at a considerably 
lower temperature, and is then set aside out of contact with moisture, 
nothing deposits from it for some time, but when crystallisation 
does set in, the rhombic crystals are formed to the exclusion of the 
long, slender prisms. This process may require two or more days 
ior its completion. 

At temperatures above 200° the crystals obtained showed all 
the characteristics of those prepared by the action of the acid on 
the metal. It was found, further, that neither carbon dioxide nor 
sulphur dioxide exerted any influence on the type of crystal developed 
at any temperature, and that no sulphur dioxide was evolved on 
heating the crystals with the acid. There can be little doubt, 
^therejfore, that the crystalline deposit obtained by heating the acid 
the metal is anhydrous cupric sulphate; moreover, it appears 
salt is at least dimorphous, and possibly 
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The Primary Reaction .—Both Pickering and Baskerville were 
agreed that two primary reactions take place. It would seem 
rather unusual, however, for two substances to react in two totally 
different ways at the same temperature unless one of them be 
metameric. Of the reactants concerned, the acid is the only one 
which could fulfil this condition, and there is no evidence to show 
that it does actually exist in more than one form. Hence it is to 
be expected that only one primary reaction could take place. Further, 
both Pickering and Baskerville state that below 130° the evolution 
of gas is very slow, and that only at this temperature do bubbles 
of gas make their appearance. If the acid acted on the metal 
directly with the production of sulphur dioxide, it would be expected 
that bubbles of gas would be observable with ease at much lower 
temperatures, as in the case of zinc with dilute sulphuric acid. Even 
if the zinc and the acid be highly purified, the bubbles may be 
readily detected, although the action is slow. This again points 
to the possibility that the gas does not arise from the direct action 
of the acid on the metal, and that two primary reactions do not, in 
fact, take place. 

If a piece of the purest electrolytic copper foil be totally immersed 
in the concentrated acid which has been heated to, and maintained 
at, a given temperature in an atmosphere of carbon dioxide for about 
^ hour before the introduction of the metal, the following observa¬ 
tions may be made : 

At 50°. The first visible product of the interaction is a film on 
the metal, of a brownish hue, the formation of which is indicated 
by the loss of lustre of the metallic surface. This film gradually 
leaves the surface of the copper, the whole of which it covers, and 
it is then seen to be of almost the same shade as the metal itself. 
It remains suspended in the acid, being slowly moved about by the 
convection currents, and may be observed to change its colour 
to yellow and then to disappear—dissolve in the acid—colouring 
the latter yellow also. After this cycle of changes has proceeded 
for some time the acid becomes opalescent. No gas bubbles can 
be observed on the surface of the metal, yet sulphur dioxide is 
undoubtedly formed after a time. 

At 50—120°. On increasing the initial temperature the formation 
of the brown material takes place with increasing rapidity, as also 
the conversion of this into the yellow substance. No gas bubbles 
can yet be observed. 

At 130—140°, At about 130° the same phenomena occur with 
great rapidity, and at the same time bubbles of gas make their 
appearance; but no bubbles are formed until a deposition of the 
film has taken place. The particles constituting the film at this 

K* 2 
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temperature soon coalesce, the material then appearing black and 
forming a coating on the metal. The acid darkens owing to the 
suspended sulphide, but if the metal be removed it rapidly becomes 
clear again. Sulphur is deposited on the cooler parts of the 
apparatus. 

The initial formation of the brown film could still be detected 
at temperatures above 140°. In every case there was an appreciable 
interval between the immersion of the metal and the appearance of 
the gas bubbles, which were never formed until the black sulphide 
had been produced. Hence the formation of sulphur dioxide is 
probably not due to the direct action between the acid and the 
metal. Support for this contention is found in the results of the 
following experiments. 

A single piece of foil was totally immersed in the concentrated 
acid contained in one of the reaction tubes, the exit tube from which 
was connected by a series of T-pieces to absorption tubes in such a 
manner that any one of the latter could be put into communication 
with the reaction vessel directly, the change from one to another 
being made with the utmost facility. A current of carbon dioxide 
was passed throughout each experiment, the acid being heated to, 
and maintained at the required temperature for at least \ hour 
before the introduction of the metal. The sulphur dioxide evolved 
was absorbed in potassium permanganate. 

Experiment 1. At 50°. Twenty c.c. of A/50-potassium perman¬ 
ganate were placed in each of three absorption tubes, each being 
connected in turn to the reaction vessel. Upon the removal of 
each tube 25 c.c. of 0*918 N /50-oxalic acid were added to its contents, 
and the volume of permanganate solution required for the titration 
of the excess of oxalic acid was measured. In all these experiments 
the reagents were delivered from over the same range of the burettes 
employed, this ensuring uniformity in the quantities of liquids taken. 
By blank tests it was found that 4*8 c.c. of the permanganate solution 
were required to titrate the excess of oxalic acid. The following 
results were obtained : 

1. Removed after the expt. had proceeded for 5 mins. ... 4*8 c.c, 

2m „ ft ,, „ >» 17 ,, ............ 4*7 ,, 

3- » >» 99 93 99 30 ,, .. 4*9 ,, 

No film had yet formed. 

Experiments. At 60°. The same piece of copper was employed 
with fresh acid, the remaining details conforming to those of 
Experiment 1. 

; 1. Removed after the expt, had proceeded for 5 mins. 4*8 c.c. 

i| ' **' )> 99 99 39 99 19 99 .*. 4*9 ,, 
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The film had formed and was about to leave the surface of the 
copper. 

Experiment 3. At 50°. The same piece of copper was used with 
fresh acid. 


1. Removed after the expt. had proceeded for 5 mins. 4-8 c.e. 

>> j > ft tt >» 50 9i . 4*9 „ 

The film had just made its appearance. 

3. Removed after the expt. had proceeded for 70 mins. 4*9 c.e. 

99 ft ft 99 99 1 00 ,, . O*0 ,, 


These experiments, and others carried out in a similar manner, 
clearly indicated that the sulphur dioxide is not produced before 
the formation of the sulphide, but that after the formation of the 
latter the liberation of the gas commences. The varying time 
interval between the immersion of the metal and the appearance of 
the film is probably due to the nature of the metallic surface. 

In order to test the above experiments and to gain additional 
evidence, another series was carried out with the solutions of per¬ 
manganate and oxalic acid diluted to N/2 00, so that the oxalic 
acid became 0-918 N /200. The titrations were carried out in Nessler 
cylinders, the end-points being judged by comparison with similar 
cylinders containing known amounts of permanganate. By blank 
tests, it was found that 20 c.c. of permanganate with 25 c.c. of 
oxalic acid required 5*0 c.c. of permanganate to titrate the excess of 
oxalic acid. 

Experiment 1. At 60°. 

1. Removed after the acid had been heated for 45 minutes before 

the addition of the copper . 5*0 c.c. 

2, Removed 10 minutes after the addition of the copper .. 4*9 „ 

99 <36 99 99 99 99 99 .. 5*2 y, 

Film formation first observed at this point. 

4. Copper removed after 90 minutes’ contact with the acid and 
the KMn0 4 allowed to absorb the SO a during a further 
60 minutes at the same temperature .... 11 • 05 „ 

Experiment 2. At 85°. Same piece of copper used with fresh 
acid. 

1. Removed after the acid had been heated for 30 minutes before 


the addition of the copper ...... 5*0 c.c. 

2. Removed 12 minutes after the addition of the copper ......... 4*8 „ 

3. ,» 20 M ») 99 99 99 ......... 4* 8 „ 


First indication of film formation. 

4. Copper removed after 45 minutes’ immersion, the KMnD 4 being 
allowed to absorb the total S0 2 during a period of 2 days 
(30 c.c. of KMn0 4 and 20 c.c. of oxalic acid being used in 
this case) ....... 7*2 
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These experiments again show that no sulphur dioxide is derived 
from the action before the film of sulphide has been formed, that no 
sulphur dioxide is derived from the acid itself at this temperature, 
and that the production of sulphur dioxide commences after the 
sulphide has formed. 

There is, therefore, no justification for asserting that two primary 
reactions occur. For, if the first primary reaction of Pickering and 
Baskerville predominated at all temperatures, sulphur dioxide 
would be expected before the formation of the film,, and if the second 
primary reaction took precedence, as asserted by Baskerville at the 
particular temperature of these experiments, no change should be 
observable in the sulphide film, and the gas evolved should first 
appear on the surface of the metal. 

There is only one primary reaction, that one producing cuprous 
sulphide and cupric sulphate irrespective of the temperature at 
which the experiment is carried out, the sulphide then decomposing 
in the usual manner. The formation of the sulphur dioxide is thus 
dependent on the secondary reactions between the acid, the sulphides 
and the sulphur, the quantity actually formed being governed by 
the extent of occlusion of the sulphides by the sulphate, and the 
volatility of the sulphur in addition to the time and concentration 
factors. 

The following experiments were made with the object of ascertain¬ 
ing the total production of sulphur dioxide at different temperatures, 
its amount being also expressed as a percentage of that theoretically 
obtainable from the simple equation 

Cu + 25^80* = S0 2 + CuS0 4 + 2H 2 0. 

The experiments were prolonged until all the sulphides had dis¬ 
appeared, and the sulphur had either reacted, volatilised, or re¬ 
mained practically inactive, and all the sulphur dioxide had been 
collected: 


Temp. 

Cu 

■used. 

SO* 

found. 

Per 

cent. 

Temp. 

Cu 

used. 

SO* 

found. 

Per 

cent. 

50° 

0-0013 

0-0009 

69 

140° 

0-2146 

0*1853 

86 

50 

0-0011 

0*0006 

55 

180 

0-3621 

0-3317 

91 

85 

0-0052 

0-0025 

50 

200 

0-3165 

0*2849 

90 

100 

0-0131 

0*0075 

57 

270 

0-4920 

0-4841 

98 

110 

0-0163 

0-0124 

76 

270 

0-4450 

0-4208 

95 

120 

0-0251 

0-0213 

85 




It is clear that the percentage of sulphur dioxide increases with 
increase of temperature. So also does the rate of reaction between 
: the sulphides, the sulphur, and the acid, so that these substances 
less phance.of being occluded or volatilised. As the temper- 
p ri^pe^lncreases,.they are acted upon more and more rapidly until, 
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in the region of 270°, they are removed practically as fast as they 
are formed. It is also evident that below 100° the sulphur must 
react with the acid very slowly, in fact it is sometimes possible to 
find quite large particles present in the liquid after several days. If 
the quantity of acid employed be sufficiently large to dissolve the 
whole of the sulphate produced, thus preventing occlusion, and the 
time of the experiment be prolonged, there seems no reason, other 
than the volatility of the sulphur, why results closely agreeing with 
the simple equation should not be obtained at any temperature at 
which appreciable action between the substances concerned takes 
place. In particular, over the range 130—200°, the sulphur is 
volatilised to an extent sufficient to allow its weight to be deter¬ 
mined. The continuous removal of the sulphide makes impossible 
the direct determination of the quantitative relationships of the 
first reaction, but if an experiment be stopped at any point, and the 
cuprous sulphide and the sulphur dioxide be estimated, it is possible 
to obtain approximate values. From the consideration of the 
secondary reactions, it is known that 40% of the sulphur dioxide 
evolved in the completed reactions is due to the decomposition of 
the sulphides. If the corresponding amount of cuprous sulphide 
be calculated and this result be added to the sulphide actually 
found, the total must represent that portion of the copper which 
has either passed, or is passing through, the sulphide stage. The 
difference between this figure and the total copper used gives the 
amount of metal which would have been found as sulphate had no 
sulphide been decomposed. The ratio of copper as cuprous sulphide 
to copper as cupric sulphate then determines the action. 

The following table shows the results of a number of experiments 
calculated in this manner : 

Cu as Cu 2 S Total Cu Residual 



Cu 

Cu as 


-40% of 

as Cu»S 

Cu as CuS0 4 

Ratio 

Temp. 

used. 

Cu a S. 

SO*. 

SO s . 

—A* 


A/B, 

16° 

0-1176 

0-0113 

0-0513 

0-0205 

0-0318 

0-0858 

2/5-4 

80 

0*0280 

0-0013 

0-0215 

0-0086 

0-0099 

0-0181 

2/3-7 

80—90 

0-0236 

0-0006 

0*0216 

0-0086 

0-0091 

0-0144 ' 

2/3-2 

100 

0-0136 

0*0016 

0-0092 

0-0037 

0*0053 

0-0082 

2/3-1 

100 

0-0417 

0-0120 

0-0084 

0-0034 

0*0154 

0-0263 

2/3-4 

120 

0*0431 

0-0085 

0-0200 

0-0080 

0-0165 

0-0266 

2/3-2 

140 

0-0526 

0-0079 

0-0288 

0*0115 

0*0194 

6-0332 

2/3-4 

160 

0*2167 

0-0217 

0-1473 

0-0589 

0-0806 

0-1361 

2/3-4 

170 

0-2483 

0*0198 

0-1926 

0-0771 

0*0969 

0d514 

2/3-1 

190 

0-2936 

0-0176 

0-2387 

0-0995 

0*1131 

0-1805 

2/3*2 

200 

0*3137 

0-0157 

0-2585 

0*1034 

0-1191 

0-1946 

2/3-3 

240 

0-4361 

0-0087 

0-3972 

0-1589 

0-1676 

. 0-2685 

2/3-2 


Making aUowance for the comparative inactivity of the sulphur 
at 16° and for the volatilisation of the sulphur at the higher temper¬ 
atures, both of which tend to lower the ratio, it is clear that the value 
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of Cu as Cuprous Sulphide/Cu as Cupric Sulphate approximates to 
2/3. This is satisfied by the following equation : 

5Cu + 4H2S0 4 = Cu 2 S + 3CuS0 4 + 4H 2 0, 
which is the second primary reaction of Pickering and Baskerville. 
If this equation be added to those given for the secondary reactions, 
the simple equation—the first primary of Pickering and Baskerville 
—is obtained. 

It will now be evident why it was considered that one of the 
primary reactions proceeded alone at 270°. The various actions 
succeed one another so rapidly that there is little chance of any 
sulphide or sulphur escaping. Hence the quantity of sulphur 
dioxide evolved agrees closely with that required theoretically. 
Pickering’s failure to determine the temperature at which his second 
primary reaction took place exclusively is also explained. It 
proceeds alone momentarily only, for as soon as a film of cuprous 
sulphide is formed it begins to react with the acid. The obstructive 
properties attributed to the compact deposit of sulphide on the sur¬ 
face of the metal are due not so much to the sulphide itself as to the 
layer of inert sulphate with which it soon becomes covered when the 
acid is saturated; for, if a further quantity of acid be added so as 
to reduce the concentration of the sulphate, and thereby allow some 
of that on the metal to dissolve, the action at once becomes vigorous 
again. 

Summary. 

It is shown by these experiments that: 

1. There is only one primary reaction. 

2. The sulphur produced exercises a considerable influence on 
the final results of the reaction, very much more than has been 
ascribed to it hitherto. 

3. The white crystalline deposit is undoubtedly anhydrous 
cupric sulphate, and this substance is at least dimorphous. 

4. At any temperature the completed reaction may be represented 
by the simple equation 

Cu + 2H2SO4 = S0 2 + CuS0 4 + 2H 2 0, 
which is the sum of the equations 

5Cu + 4H 2 S0 4 « Cu 2 S + 3 CuS0 4 + 4H 2 0, 

C^S + 2H 2 S0 4 = CuS + CuS0 4 + 2H 2 0 + S0 2 , 

CuS +2Hi>S0 4 = CuS0 4 + 2H 2 0 + S0 2 + S, 

S + 2B^S0 4 = 2H 2 0 + 3S0 2 , 

th^e representing the actual sequence of events, and which, in 
suitable combination, will yield an equation expressing the stage 
the reactants at any particular moment during an 
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XXXVIII .—Hydrogen Electrode Studies of the Reactions 
between Solutions of Salts of Weak Metallic Bases 
and the Acetate, Oxalate , and Tartrate of Sodium , 
with a Note on the Effect of Dextrose on Zirconium 
Chloride Solution . 

By Hubert Thomas Stanley Britton, 

It has been shown (this vol., p. 125) that in the reactions between 
certain metallic salts and the alkali-metal salts of very weak acids 
(chromic [second stage], boric, and carbonic), basic substances 
separate when the solutions attain the at which the respective 
hydroxides are precipitated. 

The present paper deals with the reactions of the sodium salts of 
moderately weak acids, weak at least in respect of one stage of 
ionisation, with solutions of salts of weak bases and of bases which 
form “ soluble basic salts.” Sodium tartrate was one of the salts 
selected, first because of the comparative weakness of the acid and 
secondly because it was thought that the titrations might give some 
insight into the nature of complex tartrate solutions. Titrations 
with the hydrogen electrode have also been made of zirconium 
chloride solutions containing dextrose and alkali, in order to study 
the function of the hydroxy-group in these complex solutions. 

All the electrometric titrations now recorded were performed with 
the hydrogen and normal calomel electrodes described in J., 1924, 
125, 1576; 1925,127,2111. 

I. Sodium Acetate Titrations , 

As acetic acid has a small dissociation constant, 1*8 x KT 5 , it 
was thought that the hydrion concentrations produced during some 
reactions would be so low that the p K would not be attained at which 
the hydroxides are precipitated, and it was expected, therefore, that 
basic acetates would be obtained from solutions of salts of the 
weakest bases. 

Zirconium.—A solution of zirconium oxychloride, ZxQ(\, slowly 
yields a precipitate on treatment with sodium acetate, but no pre- 
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cipitate is produced if there has been added to the solution the 
quantity of hydrochloric acid corresponding with the formula 
ZrCl 4 . 

The solubility of freshly precipitated zirconium hydroxide in 
acetic acid is inconsiderable; and this is in accord with hydrogen- 
ion requirements, for zirconia is precipitated from chloride or 
sulphate solution (J., 1925, 127, 2135, 2138) before the hydrion con¬ 
centration has been reduced to 10" 2 , which acetic acid can barely 
acquire even in concentrated solution. Also it is not surprising that 
the zirconium tetra-acetate prepared (Rosenheim and Hertzmann, 
Ber. 9 1907, 40, 810) by dissolving anhydrous zirconium chloride in 
boiling anhydrous acetic acid hydrolyses completely and rapidly 
in water. 

Fig. 1. 



Fig. 1 shows the titration curve of 100 c.c. of M /100-zirconium 
chloride and AT/10-sodium acetate at 18°. The solution remained 
clear throughout the titration. The extent to which the sodium 
acetate reacted with the zirconium chloride may be deduced from 
the hydrogen-ion concentrations of the solution when more than 
40 c.c. (i.e., 4 mols. of NaAc : 1 mol. of ZrCl 4 ) of sodium acetate had 
been added. These are in Table I, E being the EJLF, of the 
hydrogen electrode measured against a l^-calomel electrode. 

Table I. 


• C.c. of JV/IO-NaAc. 22. p E . calc. 

v ;K 40 0-392 3*62 3*15 

\ .60. - 0-536 4*38 4*34 

80 0-553 4-69 4-64 

i00 0-560 4-80 4-81 



EE ACTIONS BETWEEN SOLUTIONS OF SALTS, ETC. 271 

The values given in the last column were calculated on the assump¬ 
tion that no acetic acid had combined with the zirconium hydroxide, 
the reaction supposed to have taken place being ZrCl 4 -f 43STaAc + 
4H 2 0-^Zr(0H) 4 + 4HAc + 4NaCl, and that the hydrogen-ion 
concentrations of the solution were due to the equilibria between 
these ions, the acetate ions from the sodium acetate (taken as 79% 
dissociated), and the acetic acid. 

The agreement between the calculated and the observed values of 
p R for additions of 60, 80, and 100 c.c. of sodium acetate seems to 
confirm the view that the solution, although quite clear, must have 
contained uncombined zirconium hydroxide. There is, however, 
no agreement between the values of p K for the addition of 40 c.c. 
of sodium acetate; the higher, observed p E is probably to be 
attributed to the presence of undecomposed sodium acetate, and 
not merely to the dissociation of all the acetic acid shown in the 
equation. It has been found from an acetic acid titration curve 
(see Prideaux, “ Theory of Indicators,’ 3 1917, p. 226) that the 
observed value of p B is 3*62 for an acetic acid solution which has 
been neutralised to the extent of 9% by sodium hydroxide. (In 
titrations of dilute solutions of weak acids the concentration of the 
solution has very little effect on the p R ruling during the major part 
of the titration, the variations in occurring at the beginning and 
the end.) In the zirconium titration, this proportion of acetic acid 
neutralised corresponds to 3*6 c.c. (i.e,, 9% of 40) of Jf/lO-sodium 
acetate having remained unattacked, and therefore the reaction at 
this stage may be represented by the following scheme, 4 mols. of 
sodium acetate having been added to 1 mol. of zirconium chloride: 
4NaAc+ZrCl 4 +3*64H 2 0 —> ZrCl 0 . 86 (OH) 3 . 64 +3*64HAc+0-361faAc, 
A highly basic zirconium chloride was therefore present in the 
solution. Its composition happens to be similar to that of the basic 
zirconium chloride, ZrCl 0 . 5 (OH) 3>5 , present during the greater 
part of the alkali titration of zirconium chloride solution (J,, 1926, 
127, 2135). 

The agreement of the observed with the calculated value of p& 
obtained when an excess of sodium acetate had been added shows 
that the chloride which had earlier been attached to the zirconium 
hydroxide reacted with sodium acetate. It seems evident that the 
zirconium hydroxide was present in the solution in a colloidal state, 
although the solution was clear, probably owing to some slight 
solvent action of the acetic acid. Boiling brought about its slow 
decomposition. 

The titrated solution was precipitable with alkalis, a precipitate 
first appearing wfien 1*2 equivalents of 2Vyi0-sodium hydroxide had 
been added. 
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Thorium .—Under certain conditions, sodium acetate produces a 
precipitate from thorium sulphate solutions, but not from those of 
thorium chloride. Two hydrogen electrode titrations were carried 
out,;onejof|100 c.c. of 0-0 Of-thorium chloride and the other of 
100 c.c5of 0*01Jf-thorium sulphate, with Nj 10-sodium acetate. 
The curves are given in Fig. 1. Precipitation from the sulphate 
solution began when 10 c.c. of sodium acetate had been added and 
'p-K 3*4 attained (the precipitation value of p& * s 3*5 for thorium 
hydroside) and appeared to be at a maximum when 25 c.c. had been 
added, but after the addition of 30 c.c. the precipitate, which was 
chiefly basic sulphate, dissolved and a clear solution was obtained. 
No trace of a precipitate formed in the thorium chloride solution 
under these conditions. The two titration curves converged at 
60 c.c. and then became coincident, at least during the addition of 
the next 40 c.c. of sodium acetate. 

The changes in hydrogen-ion concentration which occurred after 
60 c.c. of sodium acetate had been added are indicated by the data : 
80 c.c., p M 4*97; 100 c.c., p K 5-15, and were such as would be caused 
by the presence of acetic acid in amounts varying from 1*5 to 1*9 
equivalents per one atom of thorium. It appears, therefore, that 
the thorium hydroxide present in these solutions was associated 
with at least 2 equivalents of acetate radical. The fact that 
the solutions were quite clear, although the precipitation value of 
Pn, 3*5, for the hydroxide had been exceeded, seems to indicate that 
the thorium-ion concentration had become considerably reduced by 
the change which had taken place in the solution, a change which 
might have been due to the formation of complex ions, or, perhaps 
more probably, to the formation of basic thorium acetate micelles 
which were capable of undergoing a different kind of ionisation. 

The precipitate Haber obtained by boiling a thorium chloride 
solution with sodium acetate (Monatsh., 1897, 18, 687)ls interesting, 
in that it contained 2 equivalents of acetate to one atom of thorium. 

The precipitation of basic thorium sulphate from thorium sulphate 
solutions by sodium acetate seems to be accounted for by the 
tendency of sulphates of weak bases to form fairly stable basic 
sulphates in solution (compare zirconium sulphate, J., 1925, 127, 
2140). The sodium acetate added to the 0*01Jf-thorium chloride 
solution had a continuous hydrolysing action, shown in the curve 
by the greater hydrogen-ion concentrations ruling during the 
early part of the reaction, whereas when it was added to the thorium 
sulphate solution hydrolysis was somewhat impeded, with the 
result that basic thorium sulphate was precipitated. 

-•;\:;-4tcetic acid may have some solvent action on thorium hydroxide, 
lot the hydrogen-ion concentrations of dilute solutions of the acid 
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are a little greater than that at which thorium hydroxide is normally 
precipitated (p K 3*5). This solvent action may be responsible for 
the holding of thorium hydroxide in solution at a p K greater than 
3*5, by causing, through the formation of comparatively inert basic 
thorium acetate micelles, the concentration of thorium ions to be 
so reduced that the solubility product of thorium hydroxide is not 
exceeded. 

Chromium ,—Substances containing chromium and the acetate 
radical have been the subject of many investigations, chiefly by 
Weinland and his collaborators (see Weinland, “ Einfuhrung in der 
Chemie der Komplex-Verbindungen, 55 Stuttgart, 1919). Their 
chief interest lies in the remarkable colour changes which they 
exhibit on becoming more and more basic; e.g the green solution of 
chromium acetate itself, on addition of alkali, may remain green or 
become red or reddish-violet according to conditions such as time of 
keeping or of boiling (compare Recoura, Compt . rend., 1899, 129, 
158, 208). Weinland and Biittner (Z. anorg. Chem., 1912, 75, 293) 
claim that these colours are due to salts of one or more complex 
“ acetato-chromium ” bases, whose constitutions are supposed to 
be accounted for by the co-ordination theory. The fact that these 
so-called bases, although essentially basic substances, contain vary¬ 
ing amounts of acetate, viz., 2*67, 2*33, 2*17, 2, or 1*5 equivalents 
of acetate for each atom of chromium, suggests that the colours may 
be due to the basic acetates themselves, and this view is supported 
by the experiments now to be described. 

The curve in Fig. 1 represents the titration of 100 c.c. of 0-0'lJfeT- 
chrome alum with NJ 10-sodium acetate. The p K , which was 4*80 
when 60 c.c. of sodium acetate had been added, became, on addition 
of 100 c.c., 5*02, and only just fell short of the precipitation value 
(5*34) for the hydroxide. The failure of the sodium acetate to pro¬ 
duce a higher after the theoretical quantity (60 c.c.) had been 
added was due to the “ buffering ” effect of the liberated acetic acid. 
It was pointed out in previous papers that in salts of chromium with 
strong acids one equivalent of the acid radical is loosely bound and 
reacts with alkali-metal salts of weak acids as if it were free acid, 
liberating an equivalent quantity of weak acid. In the present 
titration, this would correspond to the setting free of 20 c.c. of 
N /10-acetic acid. An idea of the amount of acetic acid actually 
liberated may be obtained from the fact that the pu produced on 
addition of 60 c.c. of sodium acetate was the same as that produced 
by neutralising 60% of the acid in N j 10- or AT/lOO-acetic acid with 
sodium hydroxide. It seems certain, therefore, that the solution, 
besides containing an appreciable amount of free acetic acid, con¬ 
tained also basic chromium acetate aggregates capable of supplying 
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columns are the equivs. of iV/10-sodium hydroxide (per 1 atom of 

chromium) that were required to produce (6) a precipitate and (cl 
neutrality to phenolphthalein. precipitate and (o) 


Table II. 


a. 

60 


120 


Remarks. 

Violet clirome alum solu¬ 
tion used, and mixed at 
room temperature. 

Green chrome alum solu¬ 
tion, mixed at room 
temperature. 

Reactants mixed, boiled, 
and cooled to room tem¬ 
perature. 

Alkali added to boiling 
reactants. 

Reaction mixture on pro¬ 
tracted boiling became 
completely precipitated 
as basic acetate. 

Violet chrome alum; mix¬ 
ture kept for 24 hours. 


Mixture boiled for 
minutes and kept 
24 hours. 


20 

for 


Colour. 

Green. 


Purplish- 

green. 

Green. 

Solution 

colourless. 


Bluish-red. 

Purple. 

Green. 


b. 

c. 

0-64 

2*81 

1-18 

2-67 

No ppte. 

1*89 

2-21 

2-21 to 


2*80 


2*61 

1*76 

2-38 

No ppte.; solu¬ 
tion green. 

2*11 

No ppte. 

2*22 


It will be noticed that in one ease prolonged boiling caused basin 
joxoxLCLe one of these, which contained a larger nronorH™ 
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probably in a colloidal complex. The reaction which took place 
while the chromium solution was thus changed by boiling may per¬ 
haps be represented by the following equation: Cr 2 (S0 4 ) 3 + 6NaAc + 
2a:H 2 0 — 2CrAc (3 - a : ) (OH) a : + 2;rHAc + 3Na 2 S0 4 . The data in 
the table show that the value of x in the basic complex, after any 
acid this may have set free by hydrolysis had been neutralised, varied 
from 1*89 to 2*22. 

A further electrometric titration was carried out to ascertain 
whether the acid liberated in the formation of the basic complex was 
a complex acid or merely acetic acid. A mixture of 120 c.c. of 
N /10-sodium acetate with 10 c.c. of AT/10-chrome alum was ren¬ 
dered non-precipitable by boiling for 5 minutes, and the reddish- 
violet solution cooled to 18°. The E.M.F. of the hydrogen electrode, 
compared with the A 7 -calomel electrode, was 0-551 volt, and there¬ 
fore was 4*64. The first section of the curve representing the 
titration with N / 10-sodium hydroxide was similar to that of acetic 
acid, and the free acid became neutralised when 46*8 c.c. of alkali 
had been added. The solution remained violet throughout the 
titration, but the violet solution to which 60 c.c. of AT/lO-sodium 
hydroxide had been added appeared colloidal after 24 hours, and 
was precipitated on continued boiling. If the basic acetate com¬ 
plex did not undergo any hydrolysis during the titration, the free 
acid was equivalent to 46-8 c.c. of N /10-acid and the excess of sodium 
acetate to 60 c.c. of N/ 10, 13-2 c.c. of Nj 10-sodium acetate having 
been decomposed. The sodium acetate being assumed to be 79% 
ionised, and the free acid to be acetic (K — 1-8 X 10" 6 ), the hydrogen- 
ion concentration of the solution should have been lG" 4 * 74 , which is 
in fair agreement with the observed value. The experiment seems, 
therefore, to confirm the view expressed by the equation. 

When the solution is rendered inert to alkalis merely by keeping, 
the hydrolysis is not so marked, and probably much of the acetic 
acid is in a state of loose combination. The change that renders 
the basic chromium acetate complex inert is probably similar to that 
which chromium hydroxide undergoes slowly on keeping, , and 
rapidly on boiling, in contact with its mother-liquor. The hydroxide 
becomes considerably less reactive and requires an appreciably time 
for dissolution in acids. If the basic chromium acetate complexes 
are colloidal, they may undergo some ageing or stabilising process 
and their size may have some eSect on the absorptive power for light 
which modifies the colour of the solution. 

’ IL Sodium Oxalate Titrations, 

Oxalic acid is a strong acid in regard to its first stage of ionisation, 
but fairly weak in respect to its second stage, K % being 1*3 X 10* 4 



276 


BRITTON : HYDROGEN ELECTRODE STUDIES OF THE 


(J., 1925,127, 1905). The titrations described in this section were 
therefore carried out to see if the latter had any influence on the 
reactions between sodium oxalate and salts of weak bases. It is 
significant that the hydroxides which are generally supposed to 
enter into complex formation with oxalates are weak bases, all of 
which are precipitated by alkalis from solutions whose hydrion 
concentrations are greater than 10" 7 (compare Schafer and Abegg, 
Z. anorg. Chem 1906,14, 293). 

Zirconium .—As zirconium hydroxide is ordinarily precipitated 
from solutions whose hydrogen-ion concentrations are greater than 

Fig. 2. 


b 

& 

, c; 
id 4 3 

c 

to 1 g 

S' 

id" 
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C.c. of Sodium oxalate. 

10" 2 , it was considered that the hydrogen-ions arising from the 
second dissociation of oxalic acid would be too few to affect the 
dissolution of the hydroxide. 

The reaction between 100 c.c. of M /100-zirconium chloride and 
N /10-sodium oxalate was studied by means of the hydrogen electrode. 
The variation in hydrogen-ion concentration is given in Fig. 2. A 
gelatinous precipitate appeared when 10 c.c. of sodium oxalate had 
been added, and precipitation was at a maximum with 40 c.c., after 
which the precipitate began to dissolve; the solution became quite 
clear again on addition of 50 c.c. The precipitate obtained when 
20 c.c. of sodium oxalate had been added had the composition 
Zr(OH) 2 . 69 (C 2 O 4 ) 0 . 69 ,a:H 2 O. The precipitates obtained by Venable 
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and Baskerville ( J. Amer . Ohem . Soc., 1897, 19, 11) on treating 
zirconium chloride solutions with a saturated solution of oxalic acid 
had the compositions Zr(OH) 2 . 67 (C 2 O 4 ) 0 . 67 and Zr(OH) 2 . 4 (C 2 O 4 ) 0 . 8 . 

The complex formed on re-solution of the basic zirconium oxalate 
was not readily precipitated with alkalis : e.g ., the acid liberated by 
the interaction of 100 c.c. of Mj 100-zirconium tetrachloride and 
100 c.c. of N1 10-sodium oxalate was neutralised (phenolphthalein) 
by 35*3 c.c. of N / 10-sodium hydroxide without a precipitate forming, 
and indeed only a slight opalescence was produced when sufficient 
alkali had been added to convert all the zirconium salt into the 
hydroxide and the solution boiled (40 c.c.). 

The titration curve shows that a large concentration of hydrogen 
ions persisted throughout the whole reaction, p R being 2*32 at 60 c.c., 
3*10 at 80 c.c., and 3*64 at 100 c.c. There occurred a small inflexion 
just after 50 c.c. of sodium oxalate had been added, which indicated 
the stage at which oxalate ions had been added in an amount just 
sufficient to combine with the hydrogen ions from the first stage of 
dissociation to form HC 2 Q 4 ' ions (compare oxalic acid titration curve, 
he. cit .). Thereafter the hydrogen-ion concentration arose from the 
ionic equilibrium HC 2 0 4 ' + C 2 0 4 ". 

The zirconium hydroxide is present in the oxalate solution prob¬ 
ably in the colloidal state, having been rendered so by combination 
with or adsorption of oxalate ions through the interplay of slight 
chemical forces. As the first stage of the ionisation of oxalic acid 
is that of a strong acid, there is reason to believe that this acid would, 
like hydrochloric or nitric acid, be capable of maintaining zirconium 
hydroxide in solution. Two molecules of oxalic acid, which on 
valency grounds should react with zirconium hydroxide to form the 
unknown zirconium oxalate, Zr(C 2 0 4 ) 2 , are only capable of reacting 
as if they were two molecules of a monobasic acid, thus : 

Zr(0H) 4 + 2H-HC 2 0 4 =^Zr(0H) 2 (HC 2 0 4 ) 2 + 2H a O. 

The basic zirconium hydro-oxalate, by analogy with the chloride 
(q.v.), would be strongly hydrolysed in solution, giving highly basic 
hydro-oxalate aggregates which would tend to remain in colloidal 
solution by virtue of the tendency which they may have to react with 
the hydrogen ions from the H0 2 0 4 ' ions. The fact that sodium 
hydroxide does not readily precipitate zirconium hydroxide from 
oxalate solutions seems to show that zirconium ions are absent, br 
nearly so, from the solutions. 

Sodium oxalate when added to a zirconium sulphate solution did 
not give a precipitate. An attempt was made to follow the changes 
in hydrion concentration during the addition of sodium oxalate by 
means of the hydrogen electrode, but the entry of a little potassium 
chloride, used in the junction liquid, into the zirconium sulphate 
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solution immediately rendered it precipitable. M /100-Zirconium 
sulphate (100 c.c.) was titrated and precipitation due to the potass¬ 
ium chloride began, but the precipitate did not redissolve until 
85 c.c. of the oxalate solution had been added. 

The clear solution obtained by adding sodium oxalate in not too 
great an excess to a zirconium sulphate solution gave a precipitate 
on addition of a little electrolyte, e.g. } the chloride or nitrate of 
sodium or potassium. 

Chromium .—The curve in Fig. 2 is that of the titration of 100 c.c. 
of ^/100-chrome alum with M /10-sodium oxalate. The solution 
was green initially, but became red towards the end of the titration. 
The diagram shows a very slight inflexion just after 30 c.c. of sodium 
oxalate had been added, i.e.> 3 mols. Na 2 C 2 0 4 to 1 mol. Cr 2 (S0 4 ) 3) 
but the curve does not thereafter assume the upward course which 
it would take had simple double decomposition taken place. The 
very gradual dimin ution in hydrion concentration caused by the 
addition of sodium oxalate was due to the “ buffering ” action of 
the hydro-oxalate ions which had failed to react. The hydrogen- 
ion concentration at the end of the titration was 10" 4 * 4 , which was 
greater than the precipitation value, 1CT 5 * 3 , for the hydroxide, but 
gradually approached it when larger quantities of sodium oxalate 
were employed. The solution to which 60 c.c. of M /10-sodium 
oxalate had been added was afterwards titrated with N /10-sodium 
hydroxide by means of the hydrogen electrode. Precipitation 
began when 1-85 equivalents had been added (p H 54); thereafter 
the alkali caused only a partial precipitation and the graph of the 
change in plotted against the amount of alkali added was recti¬ 
linear instead of curved, as is usually the case for precipitation by 
alkali. The slow change in hydrion concentration appears to have 
been caused by slight decomposition of the basic complex. 

Some experiments were made to ascertain the conditions which 
rendered the solutions non-precipitable by alkalis. A mixture of 
M /10-chrome alum (1 mol.) and Mj 10-sodium oxalate (3 or 6 mols.) 
at room temperature gave a precipitate on treatment with N / 10- 
sodium hydroxide; but if it had been first boiled and then cooled, 
no precipitate was obtained. Non-precipitable solutions were also 
produced by keeping. For example, two solutions, each 250 c.c., 
containing 30 and 60 c.c., respectively, of M /10-sodium oxalate 
and 10 c.c. of M /10-chrome alum, were kept over-night; the one 
containing the larger quantity of oxalate failed to give a precipitate 
with alkali. 

An interesting gradation in colour was observed in a series of 
solutions, of the same concentration with respect to chrome alum 
but containing different quantities of sodium oxalate, the smallest 
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being 3 mols. (to 1 mol. of the sulphate), which had been boiled for 
the same length of time (a few minutes) and then kept over-night. 
They were all red in transmitted light, but had a green tinge in 
reflected light; the redness increased in intensity with increasing 
molar proportion of sodium oxalate. This may have been due to 
the effect of the diminishing hydrogen-ion concentration on the basic 
chromium oxalate complexes, produced by the increasing amounts 
of sodium oxalate. The solutions gave no precipitate in the cold 
on treatment with alkali, but a precipitate slowly formed on boiling. 
If the alkali was added in amounts just sufficient to convert the 
chromium salt into chromium hydroxide, precipitation took place 
after about a day. These alkaline solutions were also coagulated 
by the addition of 2 or 3 c.c. of saturated potassium chloride solution. 
Solutions which had been rendered non-preeipitable by keeping only 
were very slightly more hydrolysed than the others. 

An oxalic acid solution of chromium hydroxide was prepared by 
boiling a chromic acid solution with oxalic acid until reduction was 
complete. The solution so obtained was claret-red and was not 
immediately precipitable by alkalis; on evaporation, it gave a green 
mass and oxalic acid crystals. From such a solution another was 
prepared which contained oxalic acid and chromium hydroxide in 
the proportions required by Werner’s hypothetical tribasic chromi- 
oxalic acid, H 3 [Cr(C 2 0 4 ) 3 ] ( Ber ., 1912, 45, 3061). The molar ratio 
may therefore be represented as 3H 2 C 2 0 4 : Cr 2 (C 2 0 4 ) 3 . The quantity 
of free and combined oxalic acid in 100 c.c. of the solution was 
equivalent to 51 c.c. of iV/10-alkaIi, and on the latter method of 
representing the formula one-half of this, 25*5 c.c., may be regarded 
as combined with the chromium. This solution was titrated with 
0-10S2A T -sodium hydroxide at 18° by means of the hydrogen electrode. 
The titration curve is given in Fig. 3. (The lower curve represents 
the titration, with the same alkali, of 51 c.c. of N /10-oxalie acid 
diluted to 100 c.c.) In reply to the objection that such a solution 
cannot possibly supply any information concerning Werner’s hypo¬ 
thetical acid, it may be mentioned that the acid solution has the 
peculiar properties of Gregory’s double salt, / 

3K 2 c 2 o 4 ,Ci' 2 (C 2 o 4 ) 8 ,6H 2 o, :; : 

which Werner regarded as a salt, K 3 [Cr(C 2 0 4 ) 3 ], of his complex hypo- , 
thetical acid and named potassium trioxaloohromiate. The titr¬ 
ation curve gives no evidence of the existence of a tribasic acid, but 
is composed of two distinct sections. Although no precipitate 
formed, it is significant that the claret-red solution began to turn 
green just when the hydrion concentration had become that at which 
chromium hydroxide is normally predtpitated, This^suggests that 
the colour is in some way related to the hydroxide itself . 
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Tke fact that the first half of the reaction terminated with an 
inflexion in the curve and a change in colour seems to be connected 
with the great difference between the two stages of ionisation of 
oxalic acid. The simplest explanation is to regard the chromium 
in the original solution as combined almost entirely with HC 2 0 4 
radicals, thus : Cr(OH) 2 + 3H-HC 2 0 4 ->Cr(HC 2 0 4 ) 3 + 3H 2 0. The 
relatively large hydrion concentration could then be accounted for 
by slight hydrolysis having taken place owing to some little reaction 
with the hydrions from the hydro-oxalate ions. The first half of the 
titration would therefore be mainly that of the hydrogen ions from 
the large amount of HC 2 0 4 ions with the added hydroxyl ions, and 



C.c. of 0T082N-ISraOH. 

therefore the range of hydrion concentration covered would be 
approximately that covered in the second half of the oxalic acid 
titration. The high initial concentrations in the chromium titration 
being excluded, it will be seen that the two ranges are comparable. 
When exactly half the theoretical amount of sodium hydroxide had 
been added, the reaction 3NaOH + Cr(HC 2 0 4 ) 3 3H 2 0 + 

0r(NaC 2 O 4 ) 3 may be considered to have taken place, and the second 
half of the sodium hydroxide would therefore have to react with the 
double sodium chromium oxalate to form a basic oxalate, probably 
associated with some sodium. The second portion of the chromium 
curve shows that only a part of the theoretical amount of the alkali 
fed reacted, for the solution became alkaline on addition of con¬ 
siderably less sodium hydroxide than in the case of the oxalic acid 
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titration. Therefore, if x be the fraction of sodium hydroxide which 
had reacted, the reaction may be represented by the equation: 

Cr(NaCA) 3 + 3a;Na0H^C r (0H) 3iC (NaC 2 0 4 )^ + 3tfNa 2 C 2 0 4 . 

The basic chromium oxalate complex is probably capable of ionis¬ 
ing, but not so much so that it would produce in the solution the 
concentration of chromium ions requisite for precipitation. From 
the titrated solution to which 60 c.c. of 0-10S2JV-sodium hydroxide 
had been added, i.e., 12*9 c.c. in excess of that required for the 
complete decomposition of the chromium oxalate, the chromium 
was completely precipitated after 24 hours, and, like the previous 
solutions, those which had been rendered just alkaline were also 
immediately coagulable on addition of a few c.c. of saturated 
potassium chloride solution and shaking. These observations seem 
to point to the colloidal nature of the basic oxalate complexes. 

The absorption spectra of solutions representing different stages 
of the titration were examined. The solutions corresponding to the 
first half of the reaction absorbed light in the red, yellowish-green, 
and extreme blue regions. The absorption in the blue region was 
fairly uniform throughout the titration, whereas the absorption band 
in the green became considerably reduced in the second half. The 
chief change in absorption appeared suddenly in the red region almost 
immediately after the middle point of the titration had been passed; 
for the solution corresponding to the end of the titration, the band 
extended over the whole red field and partly into the orange. These 
absorptions w T ere probably due to the size of the semi-colloidal 
particles. Lapraik’s researches on the absorption spectra of 
chromium solutions ( J. pr. Chem ., 1892, 47, 305) included that of a 
colloidal solution of chromium hydroxide prepared by dialysing 
chromium chloride for some months, and also of chromium hydroxide 
suspended in water. He stated that the close resemblance between 
the absorption spectra of solutions of chromium hydroxide in several 
organic acids, including oxalic and some hydroxy-acids, despite the 
great difference in the molecular complexity of the acids used as 
solvents, suggested the probability of the absorption spectra being 
due mainly to the chromium hydroxide or oxide, and not to its 
compounds with the solvents. This constitutes strong support for 
the view that solutions of chromium salts of weak acids are 
essentially colloidal. 

E. A. Werner (J., 1904, 85,1438) made the interesting observation 
that chromium hydroxide dissolves in hot oxalic acid solution to 
the extent required by the formula Cr 2 (C 2 0 4 ) 3 . This, however, is 
no evidence for the existence of chromium oxalate in the solution, 
for solutions of the chromium salts of strong acids may be rendered 
basic beyond the point corresponding with the formula Cr(OH)R 2 > 
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before any precipitation takes place. Hence in Werner’s solution 
probably little more than the ions from the first stage of the disso¬ 
ciation of the oxalic acid combined with the chromium hydroxide, 
and this was present largely as a basic chromium hydro-oxalate; 
a small proportion of the second-stage hydrogen ions may have 
entered into reaction. Such an explanation would account for the 
anomalous conductivity data obtained by Rosenheim (Z. anorg . 
Ghem ., 1896, 11 , 225) for a solution containing chromium oxide and 
oxalic acid in the proportion 1:3; he could obtain from the data 
no conclusive evidence that the substance in solution was either a 
free complex acid or a chromium salt of a complex chromioxalic 
acid. 

The formula of the hypothetical tribasic chromioxalic acid is based 
on Rosenheim’s measurements (Z. anorg . Chem ., 1896, 11, 196, 225; 
1899, 21, 8) of the conductivity of solutions of double oxalates having 
the formula 3R 2 C 2 0 4 ,Cr 2 (C 2 0 4 ) 3 ,a:H 2 0, where R is K, Na, or NH 4 . 
Regarding these as complex salts, R3[Cr(C 2 0 4 ) 3 ], he found that the 
difference between A l0 * 4 and A 32 (where A is the conductivity of 

l/3R 3 [Cr(C 2 0 4 ) 3 ]) 

varied from 32*4 to 35*8 for the three salts, and thence deduced the 
tribasicity of the complex acid, H 3 [Cr(C 2 0 4 ) 3 ], It may be pointed 
out that there is no accord between Rosenheim’s data for the potass¬ 
ium salt solutions and the earlier values of Kistiakovsky {Z. physikal. 
Chem., 1890, 6, 98). Rosenheim’s figures also show that the ammon- 
‘ ium salt is much more ionised than the potassium salt. The con¬ 
ductivities of the sodium and ammonium salts measured by Burrows 
and Walker (J., 1923, 123, 2738) are somewhat lower than those 
of Rosenheim, but the differences A 1024 —A 32 are 29'3 and 32*9, 
respectively. By means of their cryoscopic and conductivity 
measurements these authors were able to show that in those solu¬ 
tions which were more dilute than 1/16-molar the number of ions 
into which each molecule of the salt dissociated was greater than 
4. They concluded that it is only in comparatively concentrated 
solutions, greater than Mj 10, that the salt R 3 [Cr 2 (C 2 0 4 ) 3 ] disso¬ 
ciates into 3R* and [Cr(C 2 0 4 ) 3 ]"', and that at higher dilutions either 
the salt hydrolyses, giving ROH and HgfC^CgO^], or^the com¬ 
plex anion dissociates still further. The evidence for the existence 
of the complex tribasic chromioxalic acid is therefore inconclusive. 

Some experiments have been carried out on Gregory’s salt, 
3K 2 C20 4 ,Cr 2 (C 2 0 4 ) 3 ,6H! 2 0 {vide Graham, “ Chemical and Physical 
Researches,” Edinburgh, 1876, p. 369). It was obtained in deep blue 
.peedles by allowing to crystallise a solution, containing chromic 
|l|pi^dride, potassium oxalate, and an excess of oxalic acid, which 
-l&i been boiled until the anhydride was completely reduced 
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[Pound : Cr, 10*7; C 2 0 4 , estimated by Burrows and Walker’s method 
(loc. ciL), 54*1. Calc.: Cr, 10-7; C 2 0 4 , 54*2%]. 

On addition of N /10-sodium hydroxide to an if / 120-solution of 
the salt there was no immediate reaction, as shown by hydrogen 
electrode measurements, but the red solution on becoming alkaline 
turned green, and when sufficient alkali had been added to convert 
the chromium oxalate into chromium hydroxide and the solution 
kept for 12 hours, it became opalescent and addition of a little 
potassium chloride caused precipitation. Addition of potassium 
chloride to a solution rendered just alkaline produced opalescence 
within a few minutes and the chromium was completely precipitated 
as the hydroxide in the course of 2 hours. 

Werner made use of Gregory’s salt in the development of his 
theory of “ mirror-image isomerism.” He suggested that the sub¬ 
stance, regarded as the salt of a complex acid, should show a type of 
molecular asymmetry and be resolvable into optically active 
isomerides. The six molecules of water were regarded as water of 
crystallisation, and not of constitution as in the case of the hexa- 
hydrated chromium chloride. He achieved a fugitive resolution, 
by means of strychnine, in which water must have played an impor¬ 
tant part, for the optical activity disappeared much more quickly 
in aqueous than in acetone solutions. Jaeger ( Rec . trav. chim ., 1919, 
38, 245) obtained much larger rotations. Rideal and Thomas (J., 
1922, 121, 196) found that the resolved salt on dissolution left a 
small, insoluble residue. This is surprising in view of the great ease 
with which the double oxalate dissolves. Their suggestion that the 
speedy loss in optical activity is due to decomposition of the complex 
anion into a less complex one seems to be confirmed by the E.M.F» 
measurements of Thomas and Fraser (J., 1923, 123, 2973). 

As water appeared to be the important factor in those optical 
rotation experiments, measurements have been made with the 
hydrogen electrode to ascertain if any parallel hydrolytic change 
occurs. The P.D. between a hydrogen electrode immersed in 
100 c.c. of water at 18° and the normal calomel electrode, with 
saturated potassium chloride solution as junction liquid, was 
measured; 0*8123 g. of Gregory’s salt was then rapidly dissolved in 
the water, and the E.M.F. observed every few minutes over a period 
of several hours. The results, which are in Table III, showed that 

Table III. 


Mins.. 0 5 15 29 41 . 62 

pa .... 6*67 7*03 7*05 ,5*22 5*69 5*64 

(water)' ' !. r 

Mins. .. ......... 70 93 105 138 180 20brs. 

pa . .... 5-56 5*49 5*39 5*36 5-32 5*33 
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immediately following dissolution the hydrion concentration grad¬ 
ually increased until the p K had become 5*49 (93 minutes); there¬ 
after the change was much slower and the became constant 
(5*33) after 12 hours and remained so during the next 20 hours. 
This px happens to be that at which chromium hydroxide is ordin¬ 
arily precipitated. If the chromium oxalate in the salt were in a 
condition similar to that of the chromium salts of' strong acids, a 
considerably higher hydrogen-ion concentration would have been 
produced. On referring to Pig. 3, it will be seen that the p s (6-0) 
attained when the quantity of sodium hydroxide added was that 
required to form 3Na 2 C 2 0 4 ,Cr 2 (C 2 0 4 ) 3 (indicated by the vertical line 
through the mid-point) was a little higher than the precipitation p s 
of chromium hydroxide, probably owing to some decomposition of 
the oxalate complex having taken place. It therefore seems likely 
that the existence of the double salt may be due to the two different 
degrees of reactivity of oxalic acid, and that the change in hydrion 
concentration that occurs on its passing into solution may be due to 
the formation of basic complexes as suggested by the solution reach¬ 
ing the precipitation p s of the hydroxide. 

The concentration of oxalate ions in these complex salt solutions 
is small, for calcium chloride fails to give an immediate precipitate. 
Instead of being due to a complex anion, this may be equally well 
accounted for by the view now put forward, that the greater part 
of the oxalate ions is, in effect, removed from the solution in the form 
of colloidal complexes. 

The fact that double oxalates of the general formula 

exist, where M may be tervalent iron, chromium, or aluminium, 
seems to be attributable to the nature of oxalic acid. The bases of 
these elements are so weak that it is exceedingly doubtful whether 
they are capable of entering into reaction to form normal oxalates, 
and yet in conjunction with the alkali metals they form well-defined 
compounds. There seems to be little doubt that the weak bases 
enter into combination with the HC 2 0 4 -ions, leaving the C 2 0 4 ions 
to the alkali metals. 

Aluminium .—The curve in Pig. 2 represents the hydrogen elec¬ 
trode titration of 100 c.c. of 0*005df-aluminium sulphate with 
0*05Jf-sodium oxalate. No precipitate appeared, although the 
precipitation p^ of aluminium hydroxide was soon exceeded. The 
curve was only slightly inclined during the addition of the first 30 c.c. 
of sodium oxalate [i.e., 3 mols. Na 2 C 2 0 4 to 1 mol. and 

the corresponding p H ’s differed but slightly from the precipitation 
pu (4*14) of aluminium hydroxide, which was attained when 10 c.c. 
of sodium oxalate had been added. This suggests that aluminium 
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hydroxide, although it was not precipitated, existed in the solution 
in a more or less nascent state. Also the fact that the sodium 
oxalate in excess of 30 c.c. produced a gradual change in hydrion 
concentration, instead of an almost instantaneous fall to a concen¬ 
tration of the order produced by free sodium oxalate, shows that 
equilibria were being set up between the hydro-oxalate ions, which 
had failed to react with the aluminium hydroxide, and the oxalate 
ions from the added sodium oxalate. After the addition of 100 c.c. 
of N1 10-sodium oxalate, the solution was titrated with N / 10-sodium 
hydroxide; it became Alkaline to phenolphthalein when 2-13 equiv¬ 
alents of sodium hydroxide (to one atom of aluminium) had been 
added, but no precipitate formed. Three equivalents of alkali, 
which were sufficient to convert all the aluminium salt into hydroxide, 
were then added; a precipitate appeared only after some time. 

III. Sodium Tartrate Titrations . 

Tartaric acid is comparatively weak in its first stage of ionisation, 
K x = 1*27 x 1(T 3 , and much weaker in its second stage, K % = 
9-65 X 10" 5 at 18° (J., 1925, 127, 1905). Of the metallic bases 
studied in these investigations, the only two that give basic tartrates 
on treatment with sodium tartrate are the very weak bases thoria 
and zirconia; these also dissolve in excess of the precipitant to give 
complex solutions which are not precipitable by alkalis. The reac¬ 
tions between zirconium, thorium, aluminium, beryllium, chromium, 
zinc, and lanthanum salts and N /10-sodium tartrate have been 
followed with the hydrogen and the normal calomel electrode. The 
titration curves of 100 c.c. of each of the solutions at 18° are in 
Fig. 4. 

Zirconium .—The curve (Fig. 4) shows the changes in hydrion 
concentration that occurred during the addition of N /10-sodium 
tartrate to 100 c.c. of M /100-zirconium chloride. A gelatinous basic 
tartrate began to be precipitated when 10 c.c. of sodium tartrate 
had been added (p H 1*66), but it began to redissolve on addition of 
30 c.c. With 40 c.c., the solution -was translucent, but became clear 
with 42*5 c.c. 

The precipitate corresponding with the addition of 20 c.c. of 
N /10-sodium tartrate was produced by mixing large volumes of the 
reactants, the supernatant liquor being poured off, and the precipit¬ 
ate washed by decantation. It passed entirely into a translucent 
colloidal solution. The precipitate had therefore to be freed from 
the adhering liquor as completely as possible by pressing between 
filter-paper; some sodium tartrate, however, remained [Tound in 
the air-dried precipitate: Zr0 2 , 39*7; 0 (by “wet” combustion 
with chromic acid), 7*1%]. If the water content is neglected, 

L 
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the composition of the precipitate may be expressed by the 
formula ZrT 0 . 45 (OH) 3 . 1 * 

In order to get some idea of the amount of titratable acid in these 
zirconium tartrate solutions, various quantities of N/ 10-sodium 
tartrate were added to 100 c.c. of M /100-zirconium chloride, and the 
resulting solutions titrated with Nj 10-sodium hydroxide. The 
results are in Table IV : a = c.c. of tartrate added, and b and c 


Fig. 4. 



= c.c. of N /10-alkali required to produce neutrality to phenol- 
phthalein at 18° and 100°, respectively. 

Table IV. 


Or . 10 20 30 40 60 80 

b . 33-2 33 1 330 33*1 33*2 33*2 

c . 34*9 34-6 35*0 34-3 341 34*2 


The alkali produced a precipitate, which did not redissolve, from 
the solution to which 10 c.c. of sodium tartrate had been added, 
but the precipitates that formed initially in the 20 c.c.- and 30 c.c.- 
solutions redissolved when 25 c.c and 14 c.c., respectively, of the 
alkali had been added. If no hydrolysis of the complex tartrate 
occurred, the table shows that, no matter how much sodium tartrate 

* /Throughout this paper T denotes C 4 H 4 0 6 . 
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had been added, the quantity of free acid in the solution at 18° was 
equivalent to about 33*1 c.c. of Nj 10-sodium hydroxide, or 3*31 
equivs. to 1 atom of zirconium. Under these conditions, the simplest 
formula for the basic complex in these solutions is ZrT 0 . 35 (OH) 3 . 3 , 
which is in fair agreement with that obtained for the imperfectly 
washed, basic precipitate, viz., ZrT 0 . 45 (OH) 3 . 3 . 

To confirm the existence of this complex in solution, and to show 
that the free acid was tartaric, the following titration was made. 
The change in hydrion concentration which occurred after 40 c.c. 
of N /10-sodium tartrate had been added was what would be expected 
to occur on addition of sodium tartrate to a solution containing 
free tartaric acid only. A solution (140 c.c.) was therefore prepared 
containing 33*1 c.c. of N /10-tartaric acid, which appears to be the 
amount of acid liberated on addition of the first 40 c.c. of sodium 
tartrate in the zirconium titration. The EM.F . of the solution, 
measured with the hydrogen electrode against the normal calomel 
electrode, was 0*422 volt (the E.M.F. for the corresponding stage of 
the zirconium titration w T as 0*421 volt). Increasing quantities of 
iVyiO-sodium tartrate were now added; the voltages obtained are 
shown in the diagram by the broken line just above the zirconium 
curve. During the addition of the first 20 c.c. of A'/10-sodium 
tartrate, i.e., corresponding to 60 c.c. in the zirconium titration, 
the broken curve lay at a distance representing 3 millivolts at most 
from the zirconium curve, but during the addition of the next 40 c.c. 

corresponding with 60 to 100 c.c. in the zirconium titration) 
the two curves became coincident. 

Tartaric acid also precipitates a basic tartrate from zirconium 
chloride solutions, but a considerably larger excess is required to 
effect its re-solution than in the case of sodium tartrate. For 
example, the precipitate formed when iV/10-sodium tartrate was 
added to 100 c.c. of if/ 100-zirconium chloride solution required just 
over 40 c.c. for both precipitation and dissolution, whereas, when 
N/ 10-tartaric acid was used, re-solution did not occur until about 
150 c.c had been added. The precipitate so formed dissolved readily 
in alkali, and the composition of the soluble complex thereby pro¬ 
duced appeared to be the same as that in the sodium tartrate 
solutions. It may be that re-solution was actually due to the 
sodium tartrate which was formed, as may be seen from the follow¬ 
ing experiment. The heavy, gelatinous precipitate produced by 
adding N / 10-sodium hydroxide to a mixture of 100 c.c. of M /100- 
zirconium chloride and 40 c.c. of iV/10-tartaric acid dissolved when 
about 45 c.c. had been added, and the solution became alkaline to 
phenolphthalein with 73*2 c.c. , which shows that the composition of 
the complex must have been ZrT 0 . 34 (OH} 3 . 32 - 
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The last column of Table IY shows that the complexes underwent 
very little decomposition in boiling alkaline solution. 

The solubility of the basic zirconium tartrate precipitates in 
sodium hydrogen tartrate is less than that in the neutral tartrate, 
but greater than that in the free acid. The limiting amount of 
sodium tartrate to be added to a zirconium chloride solution to 
render it non-precipitable by alkali appears to be about 1 molecular 
proportion. With this proportion, a precipitate is obtained, but 
it dissolves on the addition of alkali; at a stage, however, before the 
solution becomes alkaline. 

Thorium .—The curve (Fig. 4) represents the titration of 100 c,c. 
of M /100-thorium chloride with N / 10 -sodium tartrate. It is 
remarkable in that it shows that the addition of a normal tartrate 
rendered the solution more acid and then produced a precipitate. 
The of the original solution was 2-68, but had fallen to 2-15 on 
addition of 25 c.c. of sodium tartrate, when precipitation began. 
By analogy with the formation of other basic precipitates—chrom¬ 
ates, borates, and carbonates (Britton, this vol., p. 125)—it would 
have been expected that the precipitation of a basic tartrate would 
not have taken place until the precipitation of the hydroxide 
had been attained, viz., 3-5. A basic tartrate of thorium may also 
be precipitated by free tartaric acid; precipitation began at p K 1*75 
when 27*5 c.c. of 0*112A-tartaric acid were added to 100 c.c. of 
AT/ 100 -thorium tartrate, the large hydrion concentration being no 
doubt due to hydrochloric acid produced by hydrolysis. 

The precipitates were flocculent and were not of definite com¬ 
position. Haber’s analyses (Monatsh., 1897, 18 , 687) of precipitates 
obtained with tartaric acid, the water contents being disregarded, 
lay between those required for ThT(OH ) 2 and ThT 1 . 33 ( OH) ^ 33 . 
The basic tartrate produced above from sodium tartrate and thorium' 
chloride contained still less tartrate. The precipitate obtained on 
addition of 30 c.c. of sodium tartrate was, when air-dried, amorphous 
and contained 45*51% Th 0 2 and 5*69% C (found by “ wet ” com¬ 
bustion), corresponding to the formula ThO 2 ,0*69T,ll*91H 2 O, or, 
the water content being disregarded, ThT 0 . 69 (OH) 2 . 62 . 

Like basic zirconium tartrate, basic thorium tartrate redissolved 
when a little more than 40 e.e. of N /10-sodium tartrate had been 
added, i.e., when the proportion was 2Na 2 T: ThCl 4 . The acid 
liberated in the solution was equivalent to 26*2 c.c. of N / 10 -sodium 
hydroxide. Therefore, of the acid initially present as thorium chloride 
40 c.c., expressed in terms of Nj 10 -acid), 26*2 c.c. had been 
replaced by hydroxide and 13*8 c.c. by tartrate, and consequently 
the simplest formula of the basic thorium complex in the solution is 

OH) 2 .62> 
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which happens to be also that of the precipitated basic tartrate. 
If it be assumed that 26*2 c.c. of Nf 10-tartaric acid were liberated 
during the interaction of 40 c.c. of N /10-sodium tartrate and 100 c.c. 
of Mj 100-thorium chloride, the concentration of the tartaric acid 
in the 140 c.c. of solution was 9*33 X 1CT 3 , and K ± of tartaric acid 
being taken as 1 x 10“ 8 (the effect of K 2 is negligible—see J., 1925, 
127 , 1899), the was 2*51. A solution (140 c.c.) of tartaric acid of 
this concentration was found, by means of the hydrogen electrode, 
to have exactly this p R . The solution was titrated electrometrically 
with N j 10-sodium tartrate; the titration curve, beginning at 40 c.c., 
is represented by the broken line lying a little below the thorium 
curve (Fig. 4). The differences in hydrogen-ion concentration 
shown in the two curves may be due to some interaction between the 
basic tartrate and the tartaric acid while the former is dissolving. 

These solutions did not yield precipitates when treated with alkalis. 
Non-precipitable solutions could also be prepared by using less 
sodium tartrate. From the solutions employed in the titrations 
alkalis produced complete precipitation if 1 mol. or less of either 
tartaric acid or sodium tartrate had been added for each mol. of 
thorium chloride. Although 1J mols. of sodium tartrate produced 
a precipitate, this dissolved on addition of alkali and the solution 
became non-precipitable. Basic thorium tartrate, as was the case 
with the zirconium precipitate, required a considerable excess of 
tartaric acid to redissolve it, and the basic complex in the acid 
solution appeared to be the same as that in the sodium tartrate 
solution. 

Rosenheim, Sammter, and Davidsohn {Z. anorg. Chem., 1908, 35 , 
424), in their investigation on complex thorium tartrates, isolated 
what they regarded as two series of salts containing the thorium in 
the anion, viz., R 2 [ThOT 2 ] and R 2 [Th0 2 T], where R = K, Na, or 
NH 4 . Some of the products are described as te crusts.” They 
attempted to ascertain which of these two salts existed in solution 
by determining the proportions of thorium nitrate, tartaric acid, and 
alkali which produced the maximum optical activity* These were 
stated to be Th(N0 3 ) 4 : 2H 2 T : 6ROH, and therefore the authors 
concluded that the salt R 2 [ThOT 2 ] was indicated* On recalculation* 
however, these proportions are found to be in error, approximately 
1 mol. of tartaric acid having been required instead of the 2 mols. 
stated, and the amount of alkali ranging from 5 to 7 mols. These 
are roughly the proportions required in the formation of 1 mol* of 
thorium hydroxide and 1 mol. of alkali-metal tartrate (compare the 
series R» 2 [Th0 2 T], i.e,, R 2 T and Th0 2 ). The data of those authors 
show that such a solution was on the point of precipitation, for 
when the amount of thorium nitrate was increased in the ratio 8:7, 
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a precipitate appeared. As stated above, solutions of thorium 
chloride and sodium tartrate in equimolecular proportions. fail to 
give a complex solution. 

The amounts of N /10-sodium hydroxide required to neutralise the 
acid in these complex thorium tartrate solutions, when boiling, were 
a little greater than those required when the solutions were cold. 
Whatever the amount of N /10-sodium tartrate that had been added 
to 100 c.c. of M /100-thorium chloride, approximately 35 c.c. of 
N110 -sodium hydroxide were required to neutralise the boiling solu¬ 
tion, which shows that the basic tartrate complex had slightly 
hydrolysed to ThT 0 . 2 5 (OH) 3 . 5 . 

The fact that basic thorium tartrate cannot be redissolved by 
alkali except in the presence of sodium tartrate suggests that sodium 
tartrate or partly neutralised tartaric acid is responsible for its dis¬ 
solution. It can scarcely be attributed to the formation of salts 
of a complex acid, and yet it seems to be due to some reaction taking 
place between the basic complex and the tartrate ions when present 
in sufficiently high concentration. A tartaric acid solution, on 
being gradually neutralised with alkali, therefore acquires a corre¬ 
spondingly increasing solvent capacity for both basic zirconium and 
basic thorium tartrates. 

Aluminium .—The curve (Fig. 4) represents the titration of 100 c.c. 
of M /200-aluminium sulphate with Nj 10-sodium tartrate by means 
of the hydrogen electrode. Again, an unexpected increase in 
hydrion concentration was shown during the addition of the first 
30 c.c. of tartrate solution (= 3 mols.). No precipitate separated 
and the solution remained clear. Hence, as the sodium tartrate 
was added, and sodium sulphate thereby formed, a considerable 
quantity of tartrate ions, instead of combining with the aluminium, 
was set free to form hydrotartrate ions, some free acid, and a basic 
aluminium tartrate complex in the solution. The maximum 
hydrion concentration, 10" 3 ‘ 02 , was attained when 15 c.c. of sodium 
tartrate solution had been added. This concentration was probably 
due mainly to hydrogen ions from the first-stage dissociation of the 
tartaric acid, the hydrotartrate ions having reacted with the 
aluminium hydroxide. 

Titrations were made of the acid liberated in the solutions obtained 
by adding various quantities of N j 10-sodium tartrate to 100 c.c. of 
M /200-aluminium sulphate. Ten c.c. of sodium tartrate were 
insufficient to produce a solution non-precipitable by alkali, but when 
20 c.c. [i.e., 2 mols. Na 2 T for 1 mol. Al2(S0 4 ) 3 3 or more were used, 
title solutions became non-precipitable and the amounts of alkali 
i^quired to produce neutrality to phenolphthalein varied from 24 to 
equivalents (for 1A1). In the boiling solutions, 2*8 equivalents 
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produced neutrality in each case. Therefore hoth in cold and in hot 
solutions a little tartrate remained firmly hound to the aluminium 
hydroxide. These experiments again seem to show that the non- 
precipitability is due to the existence of stable basic tartrates, the 
compositions of which, in the solutions studied, varied from 
A1T 0 . 3 (OH) 2 . 4 to A1T 0 . 1 (OH) 2 . 8 . 

Beryllium .—A small diminution in the hydrogen-ion concen¬ 
tration occurred in the titration of 100 c.c. of M /40-beryllium 
sulphate with A'/lO-sodium tartrate. This was not due to the 
formation of a -less hydrolysed beryllium tartrate, for, as is shown 
by the curve (Fig. 4), no distinct change in hydrogen-ion con¬ 
centration occurred when the requisite amount of sodium tartrate 
(50 c.c.) had been added. The small variation in the hydrion con¬ 
centration was caused by equilibria set up between the added tartrate 
ions and the hydrotartrate ions, which, by failing to react with the 
beryllium, left it in the solution in the form of a basic tartrate. The 
high concentration of hydrotartrate ions was evidently due to their 
incapacity to react with that part of the beryllium hydroxide which 
gives rise to “ soluble basic salts.” 

Solutions which contained one or more mols. of beryllium sulphate 
to one of sodium tartrate were completely precipitated by alkali, 
although solutions containing the reactants in the molar ratio 1 : 2 
did not yield precipitates. The amounts of titratable acid in the 
complex tartrate solutions were approximately 1*53 equivalents for 
each molecule of beryllium sulphate taken, and consequently the 
composition of the final basic complex may be expressed by the 
formula BeT 0 . 24 (OH) 1 . 53 . 

Rosenheim and Woge (Z. anorg. Chem., 1897,15, 283) and Rosen¬ 
heim and Itzig (Ber., 1899, 32, 3424) isolated two series of complex 
beryllium tartrates having the general formulae R 2 [Re 4 0 3 T 2 ] and 
R 2 [Be 2 OT 2 ], where R = K, Na, or NH 4 . The individuality of these 
salts is questionable. Salts of the former series were obtained by 
evaporating hydrogen tartrate salt solutions, saturated with beryl¬ 
lium hydroxide, to syrups and allowing these to solidify, whereas 
salts of the latter series were prepared in the same way with the one 
exception that the calculated quantities of beryllium hydroxide were 
used. The salts w r ere either glassy masses or microcrystalline crusts. 
Complex salts of the first type cannot give rise to non-precipitability, 
for, as Rosenheim and Woge state, ammonia produces a precipitate. 
As already mentioned, solutions containing beryllium sulphate and 
sodium tartrate in the molar ratio 2:1, which is that in R 2 [Be 4 0 3 T 2 ], 
are precipttable by alkalis. The latter workers have established, 
by means of the polarimetric method also used in the case of complex 
thorium tartrate solutions, that the important complex salt in the 
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solution -was this particular compound, Na 2 [Be 4 0 3 T 2 ], from a study 
of solutions containing mixtures of beryllium sulphate, tartaric acid, 
and sodium hydroxide. The fact that the products which Rosen¬ 
heim and Woge obtained by saturating solutions of acid salts with 
beryllium hydroxide should have corresponded to the formula 
R 2 [Be 4 0 3 T 2 ] is of interest in that the products may be considered as 
being made up of the neutral tartrate, R 2 T, and the basic tartrate, 
Be 4 0 3 T 2 , or BeT 0 . 25 (OH) 1 . 5 , which happens to be almost that 
suggested by these experiments to be present in the complex 
solutions. 

Chromium .—The curve (Fig. 4) represents the hydrion concentra¬ 
tion changes which occurred during the titration of 100 c.c. of 
211 100-ehrome alum with N /10-sodium tartrate. The hydrion con¬ 
centrations indicate that the amount of hydrotartrate ions liberated 
was less than that in the case of the corresponding beryllium titration. 
The difference appears to be accounted for by the fact that, although 
the precipitation p s , 5*69, of beryllium hydroxide is a little higher 
than that of chromium hydroxide, 5*34, one-half of the beryllium 
hydroxide molecule is associated with the formation of soluble 
basic salts as compared with one-third in the case of chromium, 
and consequently a larger equivalent amount of acid is rendered 
available for reaction. The sodium tartrate caused the violet 
chromium salt solution to turn green. 

The formation of complex chromium tartrate solutions which 
are not precipitable by alkali depends not so much on the amount of 
sodium tartrate added as on the treatment to which the solutions 
have been subjected, and in this respect appears to be similar to 
that of complex oxalate solutions. There is, however, the one differ¬ 
ence that whereas oxalate solutions, on prolonged boiling with 
alkali, yield a precipitate, those of chromium tartrate in general do 
not. Chromium tartrate solutions, on boiling, become purplish-red, 
but if they are now treated with alkali at room temperature they 
turn green as soon as the precipitation of the hydroxide is reached* 
As in the case of oxalate solutions, boiling caused the liberation of 
acid and the simultaneous formation of inert basic salt. 

Zinc .—The curve (Fig. 4) is that of the titration of 100 c.c. of 
M /50-zinc sulphate with N /10-sodium tartrate. Although the 
sodium tartrate did not precipitate zinc hydroxide, the hydrion con¬ 
centration on addition of the first 40 c.c. (when the molecular ratio 
was Na 2 T : ZnS0 4 ) was reduced to nearly the precipitation p K , 5*2, 
of zinc hydroxide. Titrations were made with sodium hydroxide 
and phenolphthalein of the acid liberated when varying quantities 
Gt N /IG-sodium tartrate were added to 100 c.c. of M /50-zinc sulphate; 
the results are in Table V, where a = mols. of sodium tartrate per 
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mol. of zinc sulphate, and b and c = equivs. of sodium hydroxide 
required to produce a precipitate and neutrality, respectively. 

Table V. 


a . 2 2*5 3 4 5 

6 ... 0*41 1*00 — — — 

c . 1*14 M3 1*19 1*14 1*03 


The table shows that the minimum quantity of sodium tartrate 
required to prevent precipitation by alkali was 3 mols. for 1 mol. 
of zinc sulphate (= 120 c.c.). This quantity is much greater than 
those required in the case of the weaker bases. Moreover, all the 
solutions referred to in the table gave a precipitate when boiled with 
alkali. The change in hydrion concentration after 40 c.c. of sodium 
tartrate solution had been added shows that not all the hydrions 
of the tartaric acid had reacted, and the amounts of alkali required 
to neutralise the acid which had failed to react indicate that the 
compositions of the basic tartrates in the complex solutions varied 
from ZnT 049 (OH ) li0 3 to ZnTQ. 41 (OH) 1 . 19 . 

Lanthanum .—When sodium tartrate was added to a lanthanum 
nitrate solution, a white, flocculent precipitate formed at between 
6 and 7 [Found in the air-dried precipitate : La 2 0 3 , 34-6*; C (by 
<£ wet ” combustion), 15*5. La 2 (C 4 H 4 0 6 ) 3 ,12H 2 0 requires La 2 0 3 , 

34*75; C, 15*4%]. Czudnowicz (J. pr. Chem., 1860, 79, 39) and 
Holmberg ( Z. anorg. Chem., 1907, 53, 87) prepared this salt, but 
based their formula on the lanthana content only, and reported that 
the water corresponded to 9H 2 0. Cldve {Bull.' Soc. churn., 1874, 
21 , 202) stated that the water content of the salt dried in a desic¬ 
cator was 3H a O. 

Lanthanum tartrate, although insoluble in water (Rimbach and 
Schubert, Z. physikal. Chem., 1909, 67,192), is so readily soluble in 
mineral acids that when tartaric acid is added to a solution of a 
lanthanum salt of a strong acid no precipitate is formed; but one is 
obtained from a solution of lanthanum acetate. It is also readily 
soluble in alkalis and dissolves in an excess of sodium tartrate or 
tartaric acid solution. The following experiments were made to 
ascertain something of its nature in solution. Lanthanum tartrate 
was precipitated on addition of 30 c.c. of N /10-sodium tartrate to 
30 c.c. of Nj 10-lanthanum nitrate. The solution became alkaline to 
thymol-blue on addition of 11*2 c.c. of hT/10-sodium hydroxide, and 
the precipitate completely dissolved on addition of 13 c.c. The 
amount of alkali required for re-solution shows, if it be assumed that 
the alkali had been converted into sodium tartrate, that the lan¬ 
thanum had passed back into solution as a basic tartrate, 

LaT 0 ,g 5 (OH) 1 : 30 . ^ 
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In another experiment, 50 c.c. of 2V/10-sodium tartrate were added 
to 30 e.e. of N /10-lanthanum nitrate, and the solution containing the 
suspended precipitate was titrated, by means of the hydrogen 
electrode, with j^/ 10-sodium hydroxide. The precipitate dissolved 
at 7*9, when 12 c.c. of alkali had been added, the soluble basic 
tartrate then being LaT 0 . 90 (OH) 1 . 20 , but the inflexion indicating the 
attainment of marked alkalinity did not occur until 14*4 c.c. had 
been added, and therefore the soluble basic lanthanum tartrate 
had become slightly decomposed to LaT 0 . 78 (OH) 1 . 44 . The curve 
obtained on adding more alkali showed that the basic tartrate was 
undergoing further decomposition. The following experiment gives 
some idea of the extent of the decomposition which takes place 
in alkaline solutions. Lanthanum tartrate (0*1960 g.) was shaken 
mechanically with 100 c.c. of 0-014i\ r -sodium hydroxide for 24 hours; 
all the tartrate had then dissolved. The solution was titrated by 
means of the hydrogen electrode with jN^lO-hydrochloric acid, and 
the excess of free alkali was equivalent to 6*35 c.c. of the acid. 
The lanthanum tartrate therefore existed in the alkaline solution as 
LaTo. 69 (OH) la8 2, and was much more basic than those mentioned 
above. In this titration, the basic lanthanum tartrate began to be 
precipitated when the free alkali had just been neutralised, and the 
p B then attained was that required for the precipitation of lanthanum 
hydroxide. 

Discussion. 

The foregoing investigations show that complex tartrate solu¬ 
tions are essentially basic in nature. This is especially evident in 
the cases of the complex zirconium and thorium tartrate solutions 
produced by the re-solution, probably without change in composition, 
of the basic tartrates first precipitated. TJ nlik e the complex 
solutions which were sometimes formed with acetates and oxalates, 
those of the tartrates are extremely stable. The basic tartrates, 
like the basic aggregates in solution, are strongly resistant to alkalis, 
which probably explains their non-precipitability by such means. 

The existence of these basic tartrate complexes would also account 
for the properties of Fehling’s solution. The fact that the ease of 
reduction to cuprous oxide is comparable with that of freshly precip¬ 
itated cupric hydroxide suggests that the condition of the cupric salt 
in alkaline tartrate solutions is in some way related to that of cupric 
hydroxide itself, as would obtain in basic tartrate complexes. 

The condition of copper tartrate on passing into these complex 
alkaline tartrate solutions is, at any rate, basic. For example, 
Kahlenberg (Z. physical Ghem. } 1895, 17, 586), Masson and Steele 
1899, 75, 725), and Pickering (J., 1911, 99, 169) found that the 
quantity of sodium or potassium hydroxide necessary to produce 
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alkalinity in a solution of copper tartrate varied from 1*25 to 1*36 
mols., and therefore the basic complexes in the solutions must have 
varied from CuT 0 . 38 (OH) 1#25 to CuT 0 . 32 (OH) 1>36 . 

Previous workers attempted to account for the anomalies of com¬ 
plex tartrate solutions by regarding the heavy metal as being present 
in a complex anion. Masson and Steele obtained a substance, 
K 3 Cu 4 C 12 H 7 0 18 ,5H 2 0, by precipitation with alcohol from a copper 
tartrate solution which had been neutralised with 1-25 equivalents 
of potassium hydroxide. The substance, which was isolated as a 
dark blue, gummy mass (and therefore was of questionable character), 
was in effect composed of 3K 2 T and SCuT 0 . 375 (OH) 1 . 25 and was 
probably a mixture of potassium tartrate with a preponderance of 
basic copper tartrate. Their migration experiments on solutions 
of this substance are important in that they show that some copper 
had passed into the portion carrying the negative charge, but this 
may have been due equally well to the colloidal nature of the basic 
copper tartrate as to the presence of a complex copper anion. 
Pickering also obtained flocculent precipitates from copper tartrate 
solutions by adding alcohol. The unwashed precipitates (whose 
constitutions he tried to establish by regarding some of the copper as 
quadrivalent) contained variable quantities of potassium salt, all of 
which, together with some copper, could be removed by washing. 
Wark (J., 1923, 123, 1815, 1826; 1924, 125, 2004) has suggested 
that the complexity of solutions containing copper and malic acid 
is due to the formation of cuprimalic acid, HCuC 4 H 3 0 5 , isomeric 
■with the normal cupric malate. 

The formation of the complex tartrate solutions of zirconium and 
thorium by the re-solution of the basic precipitates seems to have 
been due to the sodium tartrate which was present, although it has 
not been possible to associate any precise quantity of the latter with 
that of the respective basic tartrates. Many attempts have been 
made to account for the complexity of tartrate solutions by assum¬ 
ing that their formation involves reactions with the hydrogen atoms 
of the hydroxy-groups. It is difficult, however, to imagine that 
zirconium hydroxide, for example, one of the weakest bases, should 
be capable of so reacting, when strong bases show so very little 
aptitude. If the hydroxy-groups of tartaric acid are weakly acidic 
(their acidity is so small that it is not measurable by any physical 
method), they might be able to react with metallic bases, provided 
that the products formed were insoluble and therefore were removed 
from the sphere of action. Such a condition would probably be 
satisfied if the bases which had combined passed into the dispersed 
particles of a colloidal solution. 

Many hydroxy-compounds, such as the sugars and glycerol, have 

l* 2 
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a definite, though very slight, acid character (compare Michaelis 
and Rona, Biochem . Z. 9 1913, 49 , 248) and their dissociation con¬ 
stants can be measured. The dissociation constant of glycerol as a 
monobasic acid at 17-5° is 7 X 10” 15 , and, in fact, the presence of 
glycerol in an alkali solution has a barely measurable effect on the 
p K . Yet its effect on a zirconium chloride or ferric chloride solution 
may be such that alkalis fail to precipitate the hydroxide. 

The reaction which must take place between the glycerol and the 
metallic base provides an explanation of the well-known protective 
action on ferric oxide hydrosols prepared by dialysis of ferric 


Fig. 5. 



chloride-glycerol solutions. It is significant, too, that the hydrosols 
so prepared are clear in transmitted light. The glycerol may retard 
the growth of the colloidal particles. 

If the behaviour of the hydroxy-groups of tartaric and other 
hydroxy-acids is due to their feebly acid character, then it seems 
that complex tartrate solutions are essentially protected colloidal 
solutions. The following electrometric titrations were carried out 
to test this view. Michaelis and Rona (loc. cit.) having shown that 
dextrose is a stronger acid (K = 6*6 x 10~ 13 ; compare Britton, J., 
1925, 127 , 1902) than glycerol, it was decided to use the former in 
the titrations. A solution (100 c.c.), M/100 with respect to zir- 
eomuin chloride and Jf/2 with respect to dextrose (9 g. in 100 c.c.), 
Was titrated with ^/10-sodium hydroxide at 18° by means of the 
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hydrogen and the normal calomel electrode. The curve is shown in 
Fig. 5, the points obtained being marked by crosses. A very slight 
opalescence was produced by 38*5 c.e. of the alkali (p H = 5*22), 
and a precipitate by 39*5 c.c. (ps = 5*89). This began to dissolve 
when 40 c.c. (i.e., 4NaOH : ZrCl 4 ) had been added, and the solution 
was cleared by 50 c.c. In the titration of zirconium chloride solu¬ 
tion alone (J., 1925, 127, 2125), the solution first became visibly 
colloidal with 1*5 equivalents of alkali (p H = 1*86), but in the present 
titration the effect of the dextrose was manifested in the delay of 
precipitation until nearly the whole of the alkali required to convert 
the zirconium chloride into the hydroxide had been added and the 
hydrogen-ion concentration had become extremely small, viz., 10" 6 . 
The fact that the solution remained clear until 3*85 equivalents of 
alkali had been added suggests that, although the dextrose was 
incapable of influencing the hydrogen-ion concentration of the 
solution, it had the effect of repressing the growth of the basic 
particles below the limit necessary to produce visible colloidality. 
Table VI, compiled from the observed voltages, shows that during 
the addition of the first 40 c.e. of alkali the zirconium chloride was 
more basic than ZrCl(OH) 3 . The ionisation of dextrose is much too 
small to affect the hydrogen-ion concentrations of solutions whose 
is less than 6, and consequently the hydrion concentrations of the 
basic zirconium chloride solutions have been regarded as coming 
entirely from the hydrolysed acid. 


Table VI. 


C.c. of 


% 

Hydrolysis 
of un- 

Composition of 
basic zirconium 
Atoms of Cl chloride. Atoms 

Mols. of 
free Ha 

V/10- 


neutralised 

in ZrCl 4 

per 

IZr. 

referred 

NaOH. 

E.M.F. 

part. 

neutralised. 

Cl. 

OH. 

to IZr. 

0-0 

0*370 

77*8 

0 

0*89 

3*11 

3*11 

55-0 

0*374 

79*5 

0*5 

0*78 

3*22 

2*72 

10-0 

0*379 

79*8 

1*0 

0*61 

3*39 

2*39 

15*0 

0*386 

75*7 

1*5 

0*61 

3*39 

1*89 

20*0 

0*395 

68*7 

2*0 

0*63 

3*37 

1*37 

25*0 

0*413 

46*5 

2*5 

0*80 

3*20 

0*70 

30*0 

0*438 

26*8 

3*0 

0*73 

3*27 

0*27 

35-0 

0*491 

6*7 

3*5 

0*47 

3*53 

0*03 

37-5 

0*552 

1*2 

3*75 

0*25 

3*75 

0*003 

38*0 

0*566 

1*1 

3*8 

0*20 

3*80 

0*002 

39*0 

0*598 

0*5 

3*9 

0*10 

3*90 

0*0005 

39*5 

0*623 

0*4 

3*95 

0*05 

3*95 

0*0002 

40*0 

0*634 

0 

4 

0 

4 

0 


The last column shows that when the solution began to opalesce, 
with 38*5 c.c. of alkali, the amount of free acid had become negligible. 
It is remarkable that the dextrose was able to maintain the highly 
basic zirconium chloride (columns 5 and 6) in a solution which was 
quite clear. Borax and sodium carbonate also delay precipitation 



298 HYDROGEN ELECTRODE STUDIES OE THE REACTIONS, ETC. 

by alkali until somewhat more than 3 equivalents have been added 
(this vol., p. 125). 

In order to ascertain whether the dextrose had entered into any 
reaction which might have influenced the of the solution during 
the re-solution of the zirconium hydroxide in the sodium hydroxide, 
a solution of 140 c.c. (i.e., the volume of the titrated solution when 
the stoicheiometrieal amount of alkali had been added) containing 
9 g. of dextrose was titrated with N /10-sodium hydroxide. The 
data and dissociation constant figures of dextrose as a monobasic 
acid are given in a previous paper (J., 1925,127,1902). In Fig. 5 
the titration curve is the one beginning at 40 c.c. of A 7 /10-sodium 
hydroxide given at the top of the diagram. By comparing the 
two curves, it will be seen that the presence of the zirconium 
hydroxide in the one solution caused a perceptible diminution in 
2> h , and consequently the hydroxide on dissolution must have com¬ 
bined in some way with the dextrose. It is difficult to understand 
how the zirconium hydroxide effected this increase in hydrogen-ion 
concentration. Had it reacted simply with the dextrose to form 
inert colloidal aggregates, this, in effect, would have been equivalent 
to the removal of some dextrose from the solution and therefore 
would have given rise to a diminished hydrion concentration. An 
increased hydrogen-ion concentration seems to be possible only by 
assuming that the zirconium hydroxide had, in combining with the 
dextrose, given rise to a complex acid slightly stronger than dextrose 
itself. All that the titration can be said to show is that dextrose 
does enter into some kind of reaction with the zirconium hydroxide 
in effecting its dissolution in alkali solutions. 

A second titration was that of 100 c.c. of M / 100-zirconium chloride 
and M /1-dextrose solution (18 g. in 100 c.c.). The increased amount 
of dextrose was without further effect during the addition of the 
first 40 c.c. of alkali, but tended to cause a more rapid re-solution of 
the zirconium hydroxide as the excess of alkali was added. The 
data for this curve are indicated by circles in Fig. 5, -> 

Summary. 

(1) Sodium acetate at the ordinary temperature fails to precipit¬ 
ate weak bases, although the precipitation #h’s of the respective 
hydroxides may be exceeded. An exception is the reaction with 
thorium sulphate solution. There is good evidence that weak 
metallic bases exist in complex acetate solutions as basic acetates. 

(2) Sodium oxalate produces a basic precipitate from zirconium 
chloride solution through the incapacity of the hydrions from the 
second stage of dissociation of oxalic acid to react with zirconium 
hydroxide, but the precipitate dissolves in excess of the reagent. 
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The oxalate does not produce precipitates from solutions of salts of 
slightly stronger bases, e.g., aluminium and chromium hydroxides, 
even although it is probable that very little reaction can take place 
between them and the hydro-oxalate ions. Observations on solu¬ 
tions of chromium hydroxide in oxalic acid and of potassium chrom¬ 
ium oxalate suggest that both their properties and the existence of 
the series 3R 2 C 2 0 4 ,Cr 2 (C 2 0 4 ) 3 arise from the nature of the reactants. 

(3) The reaction of sodium tartrate with salts of thorium and 
aluminium in solution is remarkable in that increased hydrion con¬ 
centrations are at first produced; in the case of thorium, a basic 
tartrate precipitate is formed, even although the hydrion concen¬ 
tration is considerably higher than that necessary for the precipit¬ 
ation of the hydroxide. 

(4) Hydrogen electrode titrations of zirconium chloride solu¬ 
tions containing dextrose with sodium hydroxide show- that some 
reaction must take place between the zirconia and the hydroxy- 
groups of dextrose. 

The author desires to express his thanks to the Department of 
Scientific and Industrial Research for a personal grant, to the 
Chemical Society for a grant from its Research Fund for the purchase 
of salts of the rarer metals, and to Professor J. C. Philip, F.R.S., for 
kindly placing facilities at his disposal. 
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XXXIX .—The Absorption of Oases by Colloidal 

Solutions . 

By Alois Gatterer. 

One of the most important studies of colloid chemistry is that 
dealing with adsorption and absorption in colloidal solutions, for 
not only is it of considerable practical value, but also it may throw 
light on the structure of the colloids themselves. The study of 
gaseous absorption in particular may be expected to yield definite and 
valuable results because of the chemical and electrical neutrality of 
solvent and solute. Of the few investigations of this kind that have 
hitherto been made, those of Geffcken (Z. physiJccd. Chern., 1904, 49, 
297) and Findlay and his co-workers (J., 1910, 97, 536; 1912, 101, 
1459; 1913, 103, 636; 1914, 105, 291) are limited in their scope, 
being confined to comparatively few gases and solutions, to low 
concentrations and, above all, to one temperature, viz., 25°. 

Consequently;, our knowledge of the absorptive power of colloidal 
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solutions is meagre and does not furnish a sufficiently broad experi¬ 
mental foundation for a trustworthy theory. A wide investigation 
of absorption has therefore been undertaken, with various colloidal 
solutions and at temperatures ranging from o° to 25°. The colloidal 
solutions have been characterised by determinations not only of 
density and concentration but also of electrical conductivity, 
viscosity, the Tyndall effect, and absorption of light, for only in this 
way is it possible to define these complex systems so precisely that 
they can be exactly reproduced. 

The observations here recorded refer only to two gases, carbon 
dioxide and acetylene, and to two colloidal solutions, f errif errocyanide 
and ferric hydroxide; the former were chosen because of their acidic 
and neutral character respectively, and the latter because they are, 
respectively, positive and negative colloids. 

Experimental. 

Preparation of Solutions.—Ferrif errocyanide. The solution was 
prepared according to Zsigmondy ( ££ Kolloid Chemie,” 1920, 3rd ed., 
p. SOO) by mixing 2A T -solutions of sodium ferrocyanide and ferric 
chloride. The precipitate was carefully washed, redissolved in a 
small quantity of the ferrocyanide, and the solution was concentrated 
by heating in a vacuum. The maximum concentration obtained 
was about 8%. 

Ferric hydroxide. A solution of pure ferric hydroxide in acetic 
acid was diluted and, after the method of Pean de St. Grilles, boiled 
until the ratio of acetic acid to ferric hydroxide became 1: 30—1 : 60. 
The solution was then evaporated, not under atmospheric pressure, 
but under reduced pressure, whereby a much higher degree of dis¬ 
persion, as shown by the TyndaE effect (compare Figs. 1 and 2), was 
obtained. This more highly dispersed solution appears to be 
intermediate between the solution of Graham and that of P. de St. 
Gilles. 

Preparation of Oases. —The carbon dioxide was carefuEy washed 
and its purity was confirmed by the value obtained for its solubility 
in distilled water. Acetylene was generated from calcium carbide 
and freed from impurities by treatment with chromic acid and 
potassium hydroxide and by absorption in acetone. Analyses of 
the purified product by means of ammoniaeal cuprous chloride 
showed residues of 0, 2, and 3 c.c. in 100 c.c. 

Apparatus and Outline of Method. —The method of Ostwaid was 
employed to measure absorption (Ostwald-Luther, “Handbuch der 
Physieoehemisehen Messungen,” 1910, 3rd ed., p. 246). The 
solutions were freed from air by boiling in a vacuum and, without 
contact with air, transferred to the vacuum mixing vessel at 25°. 
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The gases were saturated with water vapour at the same temper¬ 
ature. Five measurements were made with a given solution at 
five different temperatures, the process being repeated after an 
interval of several hours to check the former results. The calculation 
of the solubility is based on the formula (see Ostwald-Luther, op. cit.) 



y hf>x) 

- K) 


b ‘T il (b a - h a ) 



l 

V 


where l = Ostwald’s solubility; V bl = initial volume of gas in the 
burette at temperature T (abs.) and pressure b x ; V bt = final 
volume of gas in the burette; T a = absolute temperature of the 
thermostat; and = initial and final temperature, respec¬ 
tively, of gas in burette,* b x and b 2 — pressure of the atmosphere at 
commencement and end of experiment; h a , h bv and h bx = tension 
of water vapour at T a , T bt , and T bv respectively; V a = volume of 
liquid withdrawn, measured at T a ; V fi = V — V a = volume of 
liquid contained in the absorption vessel; and V — volume of the 
absorption vessel at temperature T a . 

The changes in volume of the solutions and of the mixing vessel 
at various temperatures were taken into consideration. The 
probable error was ±0*4%. In certain cases, owing to an 
exceedingly slow rate of absorption, the completion of this was not 
reached, and this may be the explanation of the lack of smoothness 
in some of the curves. The values of Zare given either in per¬ 
centages, i.e., number of grams in 100 c.c. of solution, or in gram- 
equivalents. All values of volume are calculated for 20°. Although 
it is uncertain whether the colloids in question have definite 
chemical formulae, yet for the sake of clearness the gram-equivalent 
of Prussian blue was taken as 1/12 Fe 4 [Fe(CN) 6 ] 3 = 71*603, and that 
of, ferric hydroxide as 1/3 Fe(OH) 3 = 35-621.* 


Solubility of Carbon Dioxide in Solutions of Prussian Blue . 

The values in Table I have been obtained by different workers 
for the solubility of carbon dioxide in water. 

Findlay ( loc . cit.) gives a somewhat lower value, viz., 0*817 at 25°. 

The solubility values (Z) of carbon dioxide in solutions of Prussian 
blue are in Table II and Fig. 3 (unbroken lines). 

* According to Hofmann (“ Lehrbuch der Anorganischen Experimental- 
chemie,” 1918, p. 641) soluble Prussian blue has the formula Fe{CNf) 6 NaFe. 
This, of course, would change the above equivalent weight. Hofmann’s 
formula, however, is not generally accepted, and, moreover, does not agree 
with the author’s results. Further, if Hofmann’s formula is assumed, the 
results obtained by the gravimetric and the volumetric methods do not 
agree. 
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Table I. 



Bohr and 



Gatterer.i 



Bock.* 

Geffcken.f 


l. 


-- 

T . 

1 . 

l. 



Mean. 

25° 

0*829 

0*8255 

0*826 ■ 

0-823 

0*830 

0*826 

20 

0-942 

_ 

0*933 

0-936 

0*940 

0*936 

15 

1-072 

1*070 

1*066 

1*072 

1*073 

1*070 

10 

1*238 

— 

1*233 

1*244 

1*242 

1*240 

5 

1*449 

— 

1-440 

1-453 

1*445 

1*446 

* Wied. Ann., 1891, 44, 318. 

f toe . 

cit. f In this and the followi] 


tables the exact temperatures are : 25-00°, 19*98°, 14*96°, 9*95°, and 4-97° 
instead of 25°, 20°, 15°, 10°, and 5°, respectively. In the solubility diagrams. 


the mean values in the tables are represented. For economy in space, the 
curves of different temperature intervals are moved closer together. 


Table II. 



25°. 

o * 

o 

15°. 

10°. 

5°. 

Sola. 1. 

0*8424 

0-9510 

1-086 

1*254 

1*451 

c = 0*896# 

0-8418 

0-9515 

1-087 

1*255 

1*454 


0-8421 

0-9512 

1-087 

1-255 

1-453 

Soln. 2. 

0-8516 

0-9617 

1-095 

1*262 

1*463 

c = 0*51# 

0-8494 

0-9610 

1-092 

1*265 

1*466 


0-8505 

0-9613 

1-093 

1-264 

1-464 

Soln. 3. 

0-8566 

0-9696 

1*105 

1*276 

1*477 

c = 0*37# 

0-8588 

0-9672 

1*106 

1*279 

1*479 


0-8577 

0-9684 

1-106 

1-277 

2-478 

Soln. 5. 

0-8544 

0-9653 

1*100 

1*270 

1-472 

c = 0*178# 

0-8517 

0-9613 

1*096 

1*267 

1*472 


0-8530 

0-9633 

1-098 

1-268 

1-472 

Soln. 4. 

0-8430 

0-9510 

1*0850 

1*254 

1*463 

c = 0*126# 

0-8456 

0-9568 

1*092 

1*263 

1*469 


0-8443 

0-9549 

1-089 

1-258 

1-465 

Mean values are 

printed in italics in all the 

tables. 




The temperature coefficients of absorption of carbon dioxide in 
solutions of Prussian blue (Al/At) are in Table III, and have been 
calculated from the results in Table II. 


Table III. 


Soln. 

25—20°. 

20—15°. 

15—10°. 

10—5°. 

1 

0*0218 

0*0271 

0*0336 

0*0396 

2 

0*0221 

0-0264 

0*0342 

0*0400 

3 

0*0221 

0-0274 

0*0342 

0*0402 

5 

0*0221 

0-0268 

0*0340 

0*0408 

4 

0*0219 

0-0268 

0*0338 

0*0414 

h 2 o 

0*0220 

0-0268 

0-0340 

0*0412 


,, Solubility of Carbon Dioxide in Solutions of Ferric Hydroxide . 

In Table IV and Pig. 3 (broken lines) are the solubilities of carbon 
dioxide in solutions of ferric hydroxide at temperatures ranging 
from 5° to 25° in intervals of 5°, whilst in Table V are the temperature 
coefficients (Al/At). 




Tyndall effect for solution evaporated under atmospheric pressure. 

Fig. 2. 


Tyndall effect for solution evaporated in a vacuum. 


[To face p. 302.] 
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Table IV. 



25°. 

20°. 

15°. 

10°. 

5°, 

Soln. 2. 

0-851S 

0-9601 

1-093 

1-264 

1-467 

c « 0-0711V 

0-8547 

0-9619 

1*098 

1-271 

1-476 


0-8533 

0-9610 

1-095 

1-267 

1-471 

Soln. 1. 

0-8788 

0-9906 

1-127 

1*300 

1-509 

c » 0-14AN 

0-8740 

0-9834 

1-119 

1-297 

1-498 


0-8764 

0-9870 

1-123 

1-297 

1-503 

Soln. 4. 

0-9073 

1-017 

1-155 

1*326 

1-536 

c = 0-293 N 

0-9053 

1*016 

1-153 

1-326 

1-533 


0-9063 

1-016 

1-154 

1-326 

1-534 

Soln. 3. 

0-9531 

1-067 

1-203 

1-379 

1-583 

c = 0-513A7* 

0-9521 

1-066 

1-205 

1-380 

1-585 


0-9526 

1-066 

1-204 

1-379 

1-584 

Soln. 5. 

1-030 

1-146 

1-287 

1-467 

_. 

c = 0-9672V 

1-035 

1-152 

1*295 

1-473 

1-684 


1-032 

1-149 

1-291 

1-470 

1-680 


* This value was obtained from a density determination. 


Fig. 3. 

Solubility of carbon dioxide in 8olutio?i8 of Prussian blue 
and ferric hydroxide. 



0*1 0-2 0-S 0-4 0-5 06 0*7 0*8 Q-9JV 

Concentration* 

-CO s in Fe(OH) a . —-CO* in Fe 4 [Fe(0N) e ] s * 
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Table V. 


Soln. 

25—20°. 

20—15°. 

15—10°. 

10—5°. 

2 

0-0215 

0*0268 

0*0344 

0*0408 

1 

0*0221 

0*0272 

0*0348 

0*0412 

4 

0*0220 

0*0276 

0*0344 

0*0416 

3 

0*0227 

0*0276 

0*0350 

0*0410 

5 

0*0234 

0*0284 

0*0358 

0*0420 

h 2 o 

0*0220 

0*0268 

0*0340 

0*0412 


Solubility of Acetylene in Solutions of Prussian Blue . 

Tlie folio-wing solubility values of purified acetylene in distilled 
water were obtained (Table VI). 


Table VI. 


T. 


Z. 


Mean. 

30° 

0-951 

0-950 

0*954 

0*952 

25 

1-030 

1-028 

1*031 

1-030 

20 

1-126 

1-125 

1*127 

1-126 

15- 

1-239 

1-239 

1*241 

1-239 

10 

1-381 

1*383 

1*383 

1-382 


Fig. 4. 

Solubility of acetylene in solutions of Prussian blue . 



Concentration. 


The values of Winkler, according to unpublished communications 
(Landolt-Bornstein-Rotb, “ Physikalisch-Chemie Tabellen,” 1912, 
p. 600), are calculated only to the second decimal place and, on the 
average, are smaller by 1*5—2% than those of the author, as the 
following figures show :— 


30°. 25°. 20°. 15°. 10°. 

Abs. coe0. (Winkler). 0-84 0*93 M)3 1-15 1*31 

Abs. eoeff. from Table VI, 

mean values ... 0-858 0*944 1-049 M75 1-330 

BifE. %.. 2-1 1-5 1-8 2-1 1-5 


Only a more accurate study of Winkler’s experiments could determine 
whether or not this difference is due to impurities in the gas. 
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Table VII and Pig. 4 show the solubility of acetylene in solutions 
of Prussian blue, and Table VIII the temperature-coefficients per 
degree* 


Table VII, 



30°. 

25°. 

20°. 

15°. 

10°. 

Soln. II. 

0*9286 

1*007 

1*100 

1*210 

1*351 

c = 0*250# 

0*9292 

1*007 

1*103 

1*214 

1*365 

0-9289 

1-007 

1-102 

1-212 

1-358 

Soln, I. 

0*9186 

0*9966 

1*089 

1*199 

1*335 

c = 0*548# 

0*9113 

0*9908 

1*086 

1*199 

1*343 

0-9149 

0-9987 

1-088 

1-199 

1-339 

Soln. m . 

0*8808 

0*9543 

1*042 

1*147 

1*276 

C a 1*028# 

0*8825 

0*9512 

1*046 

1*142 

1*289 

0-8816 

0-9627 

1044 

1-145 

1-282 

Soln. IV. 

c = 0 - 75 N * 

0*901 

0-976 

1*071 

1*179 

1*317 


* This value was obtained from a density determination, and the corre¬ 
sponding values of l from the graph (Fig. 4). 


Fig. 5. 



0-0 0-1 0*2 0-3 0-4 0-5 0*6 0*7 0*8 0*9# 
Concentration . 


Table VIII, 


Soln. 

30—25°, 

25—20°. 

20—15°. 

15—10°, 

II 

0*0156 

0*0190 

0*0220 

0*0282 

I 

0*0158 

0*0188 

0*0222 

0*0280 

IV 

0*0150 

0*0190 

0*0216 

0*0276 

m 

0*0142 

0*0182 

0*0202 

0*0274 

H a O 

0*0156 

0*0192 

0*0226 

0*0286 


Solubility of Acetylene in Solutions of Ferric Hydroxide. 

The data are in Table IX and are shown by the curves in Pig, 5 
the temperature coefficients are in Table X, 
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Table IX. 



CO 

o 

o 

25°. 

20°. 

15°. 

o 

o 

Soln. III. 

0*9405 

1*020 

1*109 

1*229 

1*372 

c = 0-871.V 

0*9394 

1*016 

1*112 

1*225 

1*366 


0-9400 

1-018 

1-111 

1-227 

1-364 

Soln. II. 

0*9360 

1*015 

1*111 

1*226 

1*368 

c = 0-521JV 

0*9360 

1*016 

Mil 

1*223 

1*361 


0-9360 

1-016 

1-111 

1-224 

1-364 

Soln. I. 

0*9499 

1*030 

1*126 

1*240 

1*381 

c = 0-336V 

0*9492 

1*028 

1*126 

1*243 

1*386 


0-9495 

1-029 

1-126 

1-241 

1-383 

Soln. IV. 

0*9446 

1*025 

1*125 

1*230 

1*380 

c = 0*12# 

0*9426 

1*024 

1*129 

1*233 

1*378 


0*9479 

1*027 

1*123 

1*236 

1*378 


0-9450 

1-026 

1-126 

1*236* 

1-379 


* 

More probable value. 





Table X, 




Soln. 

30—25°. 

25—20°. 

20—15°. 

15—10°. 


m 

0*0156 

0*0186 

0*0232 

0*0274 


n 

0*0160 

0*0190 

0*0226 

0*0280 


i 

0*0158 

0*0194 

0*0230 

0*0284 


IV 

0*0162 

0*0200 

0*0220 

0*0292 


h 2 o 

0*0156 

0*0192 

0*0226 

0*0286 



Examination of the Colloidal Solutions. 

In order to define the colloid systems employed and to facilitate 
re-examination, detailed investigations have been made into the 
chemical and physical properties of the colloidal solutions used, 
in the hope that from a consideration of the solubility phenomena 
and other properties, the intrinsic structures may perhaps be deter¬ 
mined. The systems were investigated, therefore, from the point 
of view of (1) concentration, (2) density, (3) electrical conductivity, 
(4) depression of the freezing point, and (5) viscosity. 

1. Concentration. —(a) Prussian blue. Gravimetric and volu¬ 
metric analyses were made. The evaluation of the effective con¬ 
centration met with some difficulty, owing to a certain quantity 
of peptising agent which was present in solution. This was avoided 
in the following way. A certain quantity of solution (5—10 g.) 
was heated and sodium hydroxide added until all the Prussian blue 
was converted into ferric hydroxide, which was filtered off. The 
filtrate was acidified with dilute sulphuric acid, and the sodium 
ferroeyanide titrated with Nj 10-potassium permanganate until the 
pink colour was permanent. From the quantity of permanganate 
used, the amount of Fe(CN) 6 " / ions which remained after the reaction 
with sodium hydroxide was easily calculated. There were also 
Fe(CN) 6 m ions present from the beginning in the peptised solution, 
and for this reason the total Fe(CN) 6 "' found would give too large a 
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value for the Prussian blue content. To establish the exact quantity 
of the latter volumetrically, the ratio ( 9 ) of Fe(CN) e '" formed from 
the Prussian blue to the total Fe(CN) 6 "' present was determined 
by gravimetric analysis of the precipitated ferric hydroxide. This 
was dissolved in dilute hydrochloric acid, re-precipitated with 
ammonia, and estimated as ferric oxide. The sodium ferrocyanide 
equivalent to the ferric oxide found was the amount of ferrocyanide 
obtained from the Prussian blue, which was thus directly deter¬ 
mined. The value of 9 could now be found—using the results 
with permanganate—and was calculated to be 0*9430. Since 9 was 
constant (all solutions being of one preparation), all measurements 
of the concentration of Prussian blue could then be made by the 
permanganate method, which was therefore used. Both methods 
show a satisfactory agreement to within 0 * 1 %, e.g ., solution I gave 
3*91% volumetrically and 4*02% by the gravimetric method, and 
solution III, 7*368 and 7*362%, respectively. 

(b) Ferric hydroxide. The concentration of this solution was 
determined from the amount of ferric oxide obtained on evaporating 
a definite quantity of the solution and heating the residue to redness. 
Considerable difficulty was experienced in determining the quantity 
of the peptising agent (acetic acid). In the first place, the ratio 
Fe(OH ) 3 : peptising agent was not constant, because the latter 
changed whenever the solution was boiled; and secondly, the 
quantity of acetic acid present was so small that direct titration 
could afford no exact results. Finally, about 30—40 g. of the 
solution were acidified with dilute sulphuric acid and about one litre 
of the resulting solution was distilled. The acetic acid in the 
distillate was neutralised with baryta, and the excess of this 
precipitated with carbon dioxide. The whole was concentrated 
to a small volume, the barium carbonate filtered off, and the barium 
acetate in the filtrate precipitated with sulphuric acid. The amount 
of acetic acid was calculated from the weight of barium sulphate 
found. The greater solubility of barium carbonate over barium 
sulphate was taken into consideration in the results, which are in 
Table XII. 

2 . Density .—Densities were determined with a large pyknometer, 
and the results compared with the density of water at 4° and reduced 
to vacuum values. Only the results actually obtained are in Tables 
XI and XII. The results show that, over the whole temperature 
range studied, density is a linear function of concentration. 

3. Electrical Conductivity .—The object of these measurements 
was to determine to what degree the colloid was free from con¬ 
tamination by electrolytes; for an increase in conductivity might 
have been due to such contamination and eventually to colloidal 



Concentration and Density, Fe 4 [Fe(GN) 0 ] 3 . 
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ions. Moreover, the questions arise (1) to what extent is peptisation 
changed by the action of the colloidal solution, and (2) are ionisation 
and ionic mobility much the same, at similar concentrations, as in a 
pure solvent ? 

The Kohlrausch method, with inductor and telephone, was 
employed and the results are in the following tables and diagrams. 

(a) Prussian Blue (see Table XIII and Fig. 6). All measurements 
were made at 18°. For purposes of comparison the conductivity 
of pure sodium ferrocyanide is given in Table XIV and shown 
graphically in Fig. 7. 


Fig. 6. 


Fig. 7. 


Prussian blue. 
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Table XHI. 
Prussian blue . 


Sola. 

N X 10 s . 

Kib° X 10°. 

Aitt*. 

1 

$96 

1575-0 

1-75 

2 

510 

992-6 

1-94 

3 

370 

750-0 

2-03 

4 

126 

359-4 

2*85 



A = 

It X 10 


Table XIV. 


Na 4 Fe(CN) e . 


N X 10 3 . 

/cjs* X 10®. 

Aia*. 

74 

5664 

76-6 

37 

3205 

86-8 

18-5 

1803 

97*5 

9-3 

1000 

110*0 


IN x 10 s . 


A remarkable feature of Fig. 7 is that the curve for the peptising 
agent in the solution lies below that of the ferrocyanide in water. 
Hence it was assumed that the conductivity of the colloid was wholly 
due to the amount of peptising agent present, and therefore the 


rtia'X 10 8 
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abscissae of the lowest curve in the figure are those of the peptising 
agent in Prussian blue solution: the ordinates are corresponding 
values of equivalent conductivity of Prussian blue. The values 
are taken from Table XIII. The continuations of these ordinates 
cut the curve for sodium ferrocyanide in water, and the data at 
these points of intersection show the conductivities of a pure solution 
of sodium ferrocyanide of the same concentration as in the colloid. 
The conductivity curve for sodium ferrocyanide with peptisation 


Table XV. 
Fe(0H) 3 . 


Soln. 

N X 10 s . 

* *25“ X 10 6 . 

A 25 0 . 

2 

71 

104-6 

1-511 

1 

144 

238-0 

1-641 

4 

293 

314-3 

1*073 

3 

513 

508-5 

1-741 

5 

967 

903-0 

0-934 


Fig. 8. 



0 200 400 600 800 

JNTxlO 3 . 


is a straight line, and the gradient of this line with respect to the 
curve for sodium ferrocyanide in water is about 0*388. Hence the 
ordinates, y l7 of the one curve are constant multiples of the 
ordinates, y 2 , of the other, i.e. } y x = constant x It would be of 
interest to investigate the behaviour of other colloids in a similar way. 

(b) Ferric hydroxide (see Table XV and Pig. 8). All the measure¬ 
ments were made at 25°. The curve for equivalent conductivity 
seems to pass through a minimum at a normality of about 0*5. 
The equation, y x = y 2 x constant, found for Prussian blue, unfort¬ 
unately, cannot be examined in this case, for the conductivity of 
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this colloid is far superior to that of the peptising agent—if this 
alone is considered—as the following data show : 


Acetic acid. 


N X 10 3 . msb'X 10°. 
2 67 

5 110 

10 168 

20 229 


Coll. Fe(OH) 3 . 


Peptisation 

No. (N X 10 3 ). *&. X 10®. 

2 2 105 

4 3 314 

3 9*6 509 

5 11-0 903 


The figures in this table show that ions of acetic acid—and it 
may be others as well—transport electric charges. These others, 
especially chlorine ions, may arise from impurities adsorbed by the 
ferric ^hydroxide when it was first precipitated and irremovable 
by washing. The discussion which follows later shows that the 

Fig. 9. 


Depression of freezing-point. 



greater conductivity of these solutions of ferric hydroxide may 
possibly be due to “ colloidal ions.” 

4. Depression of Freezing-point —These determinations, which 
were carried out in a Beckmann apparatus, were made in order to 
estimate, as far as possible, the relative numbers of particles in the 
solutions and also to determine whether these numbers vary 
proportionally to the concentration. The results are in Table XVI 
(see also Fig. 9). 

Table XVI. 

Freezing-point Depression , At. 

Ferric hydroxide. 

Soln. Cone. (N). At. 

5 0*967 0*029° 

3 0*513 0*018 

1 0*144 0*008 


Prussian blue. 

Soln. Cone. (N). At. 

1 0-896 0*040° 

2 0*51 0*020 

o a.o 7 /O-03O** 

6 0 37 \ 0*019** 

4 0*126 0*012 
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A small freezing-point depression is an indication of the com¬ 
parative purity of a colloidal system. The values marked ** in 
the table were obtained at different times and the value 0*030 was 
constant. The curve may possibly rise to a maximum for a con¬ 
centration of 0-3i\ T , or there may here be a point of inflexion if the 
lower and more probable value, 0*019, be plotted. 

Table XVII. 

Viscosities at 2o°. 


Ferric hydroxide. Prussian blue. 


Soln. 

8 . 

t (secs.). 


Soln. 

8. 

t (sees.). 


H a O 

0-9960 

62-8 

1-000 

h 2 o 

0-9960 

62-8 

1-000 

2 

0-9982 

63-7 

1-017 

4 

1-0029 

73*0 

1*170 

I 

1-0046 

67-8 

1-089 

n 

1-0086 

84-4 

1-361 

n 

1-0089 

72-0 

1-161 

i 

10219 

128*8 

2-104 

m 

1-0171 

160-6 

2-448 

in 

1-0442 

446-7 

7-452 


Fig. 10. 
Viscosity. 



Concentration. 

The molecular weights of ferric hydroxide calculated from the 
results are 2240,2000, and 1090 for solutions 5,3, and 1, respectively. 
These values, of course, carry little weight, but they seem to indicate 
that with increasing concentration the particles in the solution 
coalesce to form larger aggregates. 

5. Viscosity ,—These measurements were made because there 
may be an intimate relation between the viscosity of a colloidal 
solution and its absorptive power. The apparatus, an Ostwald 
viscosimeter, was in a large thermostat at 25° and, as usual, two 
series of experiments were made. The viscosities were calculated 
by means of the equation y = wstjs w tjp, where q and yw are the 
relative viscosities of the solution and water, respectively, $ is the 
■ 'den&Hy of the solution and t is the time of flow. The results are 
in Table XVII and are shown graphically in Fig. 10. 
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Discussion of Results , 

Ar» examination of the solubility tables reveals the very different 
behaviour of the two colloidal solutions towards carbon dioxide 
and acetylene. 

The solubility of carbon dioxide in the more concentrated solu¬ 
tions of ferric hydroxide exceeds its solubility in water by as much 
as 20%. Moreover, it is almost directly proportional to the con¬ 
centration—a relation found by Findlay also {loc. tit.), although 
his absolute values of l were considerably smaller than those now 
recorded. 

Carbon dioxide is also more soluble in solutions of Prussian blue 
than in water, but only moderately so (at the most, 3—4%). A 
well-defined maximum occurs in the values of l at all the tempera¬ 
tures used, in every case at a concentration of 0*3-normal. 

Towards acetylene, however, both colloidal solutions display an 
essentially different behaviour, the solubility of the gas being always 
less than its solubility in water. The diminution is 1% for ferric 
hydroxide and 7—8% for Prussian blue (compare Findlay’s curves, 
reproduced in Fig. 5, for nitrous oxide in ferric hydroxide at 25°). 

For these colloidal systems the relation between the solubility 
of gases and the temperature is in accord with the ordinary laws 
governing the solution of gases, viz., the temperature coefficient 
is negative and its numerical value increases rapidly with diminishing 
temperature (see Table VIII). This magnitude appears to be a 
function of concentration (at constant temperature). The following 
rule, therefore, may be deduced. At a given temperature, the 
numerical value of the temperature coefficient varies, with increasing 
concentration, as the absorptive power of the colloidal solution for 
the dissolving gas. For instance, in the system carbon dioxide- 
ferric hydroxide, l increases rapidly with c and consequently the 
quotient Al/At increases as c increases : or, in the system acetylene- 
ferriferrocyanide, l diminishes greatly as c increases, and con¬ 
sequently AlJAt decreases as c increases. Such behaviour, however, 
is not so well defined in the systems carbon dioxide-ferriferro- 
cyanide and acetylene-ferric hydroxide, since l varies but little. 
In the latter case, a diminution even of the temperature coefficient 
might be assumed owing to the small diminution of Z. 

The factors which may account for the observed phenomena are 
(1) the chemical nature of the colloid and of the gas absorbed 
(chemical combination), (2) the influence of the specific surface 
(adsorption), (3) the nature of the electric change, and (4) 
temperature. 

I. Chemical nature. This is, presumably, the most important 
factor in all absorption phenomena, but, unfortunately, it is still 
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very obscure. Clearly, the more inert the gas and the colloidal 
solution are chemically, the smaller will be the effect of this factor. 
An obvious conclusion from this is that l for the systems carbon 
dioxide—Prussian blue and acetylene—ferric hydroxide will diff er 
but little from the value of l for water, since fairly inert substances 
meet each other. On the other hand, a chemical reaction may be 
expected to take place between the basic ferric hydroxide and the 
acidic carbon dioxide. It is true that there is as yet no evidence of 
the existence of a compound Fe 2 (C0 3 )3. Since, however, electro¬ 
positive ferric hydroxide, according to Pauli and Mattula (Kolloid-Z. f 
1917, 21, 49), has the constitution [#Fe(OH) 3 ]^Fe* ## , and there is 
formed by the dissociation of the dissolved carbon dioxide a small 
amount of C0 3 ", a combination of this with the tervalent iron to give 
complex colloidal {[£Fe(0H) 3 ]yFe} 2 (^0 3 ) 3 may reasonably be 
assumed. This assumption seems to be justified by the strikingly 
high conductivity of the colloidal solution, which far exceeds that 
due to the peptising agent present. 

2. Specific surface . The present results, as well as those of 
Geffeken and Findlay, clearly show that some factor is operating in 
addition to adsorption. The extent of the latter is determined by 
the degree of dispersion, and to account for the different behaviour 
of the two colloids by adsorption alone the specific surface of the 
ferric hydroxide would have to be 8—10 times larger than that of 
the Prussian blue—an assumption that cannot be justified. 

Dispersion, however, has an effect, and to determine it the 
absorption of carbon dioxide for different dispersions of ferric 
hydroxide at the same concentration (O-0661V) was measured. 

Values of l. 


25°. 20°. Id 0 . 10°. 

High dispersion . 0-854 0-961 1-095 1-268 

Low dispersion .. 0-817 0*930 1-068 1-239 

Water.. 0-826 0-936 1-070 1-240 


At the higher temperatures the absorptive power of the less highly 
dispersed system is markedly depressed, even below that of water. 
This diminution, however, depends not only on the specific surface 
of the colloid, but also on the quantity of peptising agent present. 
In the less highly dispersed system this was 0-3% and the basic 
character of the ferric hydroxide was greatly diminished and its 
electrical nature correspondingly changed. 

Z. Electric change . The changes that take place when carbon 
dioxide is in contact with a colloidal solution of ferric hydroxide 
be represented by the following scheme; for a given temper¬ 
ature and pressure a definite equilibrium will be set up : 
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(1) Fe(0H) 3 ^±:Fe“- + 3(OH)\ 

(2) H 2 C0 3 ^±=C0 3 " + 2H\ 

(3) The colloidal particles become associated with Fe*~r 
[zFe(OH) 3 ] + yFe- [*Fe(OH) s ]yFe"\ 

(4) H* + OH'—H,0. 

(5) 2[zFe(OH) 3 ]*/Fe*~ + 3yCO z " ^ {[xFe(OH) a ]yFe} a (yCO^ 
(compare Pauli and Mattula, loc . ci$.). 

The remarkably high solubility of carbon dioxide in ferric hydr¬ 
oxide and the readiness with which the gas is expelled by heating- 
may thus be explained. 

The preceding explanation involves the basic character of ferric* 
hydroxide, the positive charge on the colloidal particles, and the* 
acid nature of the gas. The last factor may for all practical pur¬ 
poses be neglected in the case of acetylene and nitrous oxide.. 
Geffcken (loc. cit., p. 301) has shown the indifferent nature of nitrous* 
oxide by conductivity determinations with saturated aqueous* 
solutions. The following measurements, made by the author,, 
reveal the slight increase in conductivity that occurs when water 
is saturated with acetylene : water 2*18, 2-81, 2-94 x 10" 6 ; mean 
2*63 X 1CT 6 . Water saturated with acetylene 5*64,4*98,4*03 X 10 -6 r.. 
mean 4*88 x 10~ 6 . This result is in agreement with the investig¬ 
ations of Billitzer (Z. physiJcal. Chem., 1902, 40, 535), who pointed 
out a very slight dissociation of acetylene, represented by the* 
following scheme, 

C 2 H 2 -> C = C" + 2H* | C 2 H 2 C 2 H' + H* 
and found that the gas in saturated aqueous solution at atmospheric 
pressure corresponds to an acid about 400 times weaker than, 
carbonic acid. Acetylene, therefore, and nitrous oxide may be* 
regarded as inert gases, and their similar behaviour towards ferric; 
hydroxide is thus satisfactorily explained. It is chiefly absorption, 
that takes place, and this accounts, to some extent at least, for the- 
diminution of solubility which occurs with increasing concentration*. 
The large decrease of l for the system acetylene-Prussian blue is- 
attributable to the high concentration of the colloid (above 7%), 
in comparison with that of the ferric hydroxide (3%), and to its. 
negative charge. 

4. Temperature. The rule stated on p. 313 may be explained 
on the basis of the kinetic theory. If the solubility increases with- 
the concentration, the content both of colloid and of gas particles 
in the solution also increases and the conditions for the presence of 
gas particles become less favourable; so the rate of diminution of 
solubility per 1° rise in temperature becomes greater. A decrease* 
in solubility with increasing concentration favours the retention, 
of the gas particles in the solution: hence the diminished quantity * 
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of gas corresponding with 1° may be expected to remain constant 
or even to fall. 

Summary . 

1. Two typical, highly concentrated colloidal solutions have 
been prepared, and a very highly dispersed system of ferric hydroxide 
has been obtained by a modification of P. de St. Gilles’s method. 

2. Measurements of the solubility of carbon dioxide and acetylene 
in these systems have been made at five temperatures and different 
concentrations, and the temperature coefficients determined. 

3. The colloids have been characterised by determinations of 
density, concentration, conductivity, viscosity, and depression of 
freezing-point. 

4. Certain regularities in solubility have been found and an 
attempt has been made to analyse the factors that produce them. 

The author wishes to express his thanks to Dr. Charles Brunner, 
and to acknowledge his indebtedness to the late Dr. Chas. 
Hopfgartner, at whose suggestion the work was undertaken. 

Innsbruck, 

Sillgasse, 2. [Received, July 18th, 1925.] 

XL.— The Reciprocal Salt Pair (Na, Ba)-(C1, N0 3 ) in 
Aqueous Solution at 20 °. 

By Alexandeb Findlay and James Cbuicbshanh. 

The investigation of this system was undertaken with a view 
to ascertain the best conditions for the preparation of barium 
nitrate from the chloride by interaction with sodium nitrate. The 
most important equilibria were investigated by one of us in 1917, 
and the further investigation of the system was taken up later with 
the intention of completing the equilibrium data at 20° and of 
extending the study also to higher temperatures. This extension 
of the investigation, however, has been rendered unnecessary by the 
work of Coppadoro ( Gazzeita , 1912, 42, 1; 1913, 43, 138). We have 
restricted ourselves, therefore, to an examination of the equilibria 
at 20°. 

The following values have been determ in ed for the composition 
of aqueous solutions in equilibrium with one, two, and three salts, 
respectively, included in the above reciprocal salt pair. 

1. Single salts. 

G. of anhydrous salt G. of anhydrous salt 

Mid phase. in 100 g. of soln. Solid phase. in 100 g. of soln. 

Mi i Had 26*40 BaCl^HjO 26*32 

46*77 . Ba(NCy* j . 8*41 
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(Na, Ba)-(C1, N0 S ) IN AQUEOUS SOLUTION AT 20°. 
2. System NaCl-BaCl 2 -H 2 0. 


Percentage composition of solutions. 


Solid phase. 

NaCI. 


BaClg. 

h 3 o. 

NaCI 

25*28 


1-65 

73-07 

NaCI; BaCl 2 ,2H 2 0 

24-59 


3-07 

72-34 

BaCl 2 ,2H 2 0 

21-23 


4-17 

74-60 


18-52 


6*51 

74*97 


14-50 


10-04 

75-46 


9-54 


14-99 

75-47 

» 

7*80 


16-89 

75-31 

3. System iSTaCl-ISTaNOg- 

h 2 o. 





Percentage composition of solutions. 

Solid phase. 

NaCI. 


NaNOg. 

h 2 o. 

NaCI 

18-49 


18-62 

62-89 


17*34 


21-30 

61-36 

NaCI; NaNO s 

13*80 


30*34 

55-86 

NaN0 3 

9*56 


34*85 

55*58 


7-67 


37*18 

55-15 

4. System BaCl 2 -Ba(N0 3 ) 2 -H 2 0. 





Percentage composition of solutions. 

Solid phase. 

BaCl 2 . 

Ba(NO s ) 2 . 

h 2 o. 

BaCl 2 ,2H a O 

26-07 


1*31 

72*62 

BaCl 2 ,2H 2 0; Ba(N0 3 ) 2 

25-09 


6-93 

67*98 

Ba(N0 3 ) 2 

20-81 


6-54 

72*65 


12*31 


6*72 

80*97 

99 

7*51 


7*17 

85-32 

5. System NaN0 3 -Ba(N0 3 ) 2 ~H 2 0. 





Percentage composition of solutions. 

Solid phase. 

NaNOg. 

Ba(N0 3 ) 2 . 

H a O. 

NaNOg; Ba(N0 8 ) 2 

45*74 


1-86 

52*40 

Ba(N0 8 ) a 

37-07 


2*07 

60*86 


14-59 


2-49 

82*92 

99 

5*61 


3*89 

90-50 

6. Quaternary Solutions. 






Percentage composition of solutions. 

Solid phase. 

NaCI. : 

NaNO a 

Ba(NO a ) a . BaCl a . H*d. 

NaNOg; Ba(NO s ) 2 

6*57 

37*82 

1-62 

— 53*99 

NaCI; Ba(N0 3 ) 2 

15*79 

24-08 

0-14 

— 69-99 

BaC42H 2 0; Ba<NO s ) 2 

2-02 

— 

6-49 

22*66 68*83 

NaCI; Ba(N0 3 ) a5 NaNO a 

14-23 

29*75 

0-13 

— 55*89 

NaCI; Ba(N0 3 ) 2 ; BaCl 2 ,2H a O 

24-16 

0*50 

7*14 

— 68*20 


The last noted solution is incongruently saturated. 

For the practical application of the above determinations, the 
following numbers are of interest: 

Initial composition of mixture (g. of Percentage of salt precipitated as 
anhydrous salt per 1000 g. of water). Ba(NO s ) a . 

NaNO s .. * BaCI a . BaCI*. NaNO a . 

283 337*8 76*45 74*45 

337*8 92*55 54*06 

M 


471*8 
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It will, in general, be advantageous to use a relatively large 
proportion of sodium nitrate in the initial mixture so as to obtain 
as complete a utilisation as possible of barium chloride. The 
mother-liquor containing sodium nitrate can be used, after evapora¬ 
tion and separation of the sodium chloride, for the conversion of a 
further quantity of barium chloride. 

University of Aberdeen. [Received, December 3Ls£, 1925.] 


XLI .—The Equilibrium between Ethyl Alcohol and the 
Alkali and Alkaline-earth Salts. Part I. 

By David Glynwyn Robert Bonnell and William Jacob 

Jones. 

The first investigator in this field was Graham (Phil. Mag., 1828, 
4, 265, 331), who prepared the ethyl alcoholate of calcium chloride. 
His work was repeated by Einbrodt (Annalen, 1848, 65, 115), by 
Chodnew (Bull. Acad. St. Petersburg , 1865, 8, 150), by Heindl 
(Monatsh., 1881,2, 200), and by Menschutkin (J. Bicss. Phys. Chem. 
Soc ., 1906, 38, 1010). The calcium bromide tri-alcoholate (Roques, 
J . Pharm 1895,1, 301), the hexa-alcoholates of magnesium chloride 
(Simon, J. pr. Chem., 1879, 20, 371), bromide and iodide (Men¬ 
schutkin, Bull. St. Petersburg Polytec. Inst., 1906, 3, 12), the tetra- 
alcoholates of lithium chloride (Simon, loc. cit.) and bromide (Turner 
and Bissett, J., 1914, 105, 1783) have all been described. Solu¬ 
bility determinations over ranges of temperatures have been carried 
out as follows : lithium chloride (Turner and Bissett, J., 1913, 103, 
1904), sodium and potassium iodides (Tyrer, J., 1910, 97, 621) and 
calcium chloride (Menschutkin, loc. cit.). 

The purpose of the present series of investigations was to determine 
the following : (1) The solubility over a wide range of temperature. 
(2) The composition of the various solid phases. (3) The transition 
temperatures. In the present paper are described the conditions 
of equilibrium between ethyl alcohol and the following salts : 
lithium bromide, sodium bromide, calcium bromide, barium bromide, 
and barium iodide. 

Experimental. 

For obvious reasons great attention was directed to the purity of 
the substances used, and especially to their freedom from traces of 
water, since, owing to the far greater affinity of salts for this than for 
alcohol, the composition of the solid phase is particularly influenced 
Jhy its presence. * 

Ijl^Hfeeafcdiol was purified by Lapworth’s method (J., 1910, 97, 24). 
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The densities, without correction of the weighings to vacuum, of 
the two specimens that were used in the present work were df/ 
0*78494 and 0*78496. Great care was exercised both during the 
purification and preservation and in subsequent work to exclude 
atmospheric moisture. 

The salts were purified by recrystallisation from water and then 
dehydrated by Turner and Bissett’s method (P., 1913, 29, 233) 
(Pound by the gravimetric silver halide method : LiBr 99*81, 
NaBr 99*93, CaBr 2 99*90, BaBr 2 99*89, Bal 2 99*87%). 

The graduated vessels, weights and thermometers had been 
carefully standardised. In the solubility determinations above 
20° ordinary thermostats, which kept constant within 0*02°, were 
used. At 15° and at 10°, the temperature was maintained constant 
within 0*04° by a regulated inflow of cold water and by continuous 
and vigorous stirring. Por 0°, a bath of washed, finely powdered 
ice was used. In each determination the anhydrous salt and 
alcohol were put together in a clean, dry, glass-stoppered flask, 
which thereafter was kept in the thermostat, and as far as possible 
in the dark. A tightly fitting, thick paper cap was tied over the 
stopper. The mixtures were shaken by hand at intervals over a 
long period, and a portion of the solution was then withdrawn for 
analysis after the solid had settled completely. Thereafter the 
mixtures were again shaken and the procedure described was 
repeated until two consecutive analyses agreed within the experi¬ 
mental error. By operating in this manner saturation was ensured 
and incursion of atmospheric moisture was better precluded than if 
an internal stirring arrangement had been used. In some of the 
experiments, the equilibrium point was approached by first pre¬ 
paring a saturated solution at a temperature at which the solubility 
was greater than at the temperature under investigation, then placing 
it in the thermostat at the latter temperature, and, after keeping 
it therein for some time with frequent shaking, analysing the liquid 
phase. In all cases, the solubility so found was identical with that 
found by the procedure previously described. There can therefore 
be no doubt that in our experiments the systems were truly in 
equilibrium when the solubility determinations were made. 

For the determination of the composition of the solid phase a 
small quantity was scooped out, quickly dried between filter-paper, 
and analysed. For such solid phases as were stable only at temper¬ 
atures much above the ordinary, the procedure was modified as 
follows. Some of the salt was suspended by means of a basket of 
metal gauze in a saturated solution in a stoppered flask, which was 
immersed in the thermostat. When equilibrium had been attained, 
the basket was drawn up into the vapour space above the solution 
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and was there allowed to drain. When draining was complete, the 
solid in the basket was withdrawn and analysed. 

The transition temperatures obtained by the solubility determin¬ 
ations were confirmed by the dilatometric method. 


Results. 

Solubility in gram of salt per gram of alcohol, of 



sodium 

barium 

barium 

calcium 

lithium 

Temp. 

bromide. 

bromide. 

iodide. 

bromide. 

bromide. 

0° 

0*02445 

0*05880 

0*7775 

0*4670 

0*3261 

10 

0*02379 

0*05067 

0*7735 

0-4801 

0*3602 

15 

0*02343 

0*04590 

— 

0*5051 

_ * 

20 

0*02322 

0*04130 

0*7700 

0*5350 

_* 

25 

0*02314 

— 

— 

0*5395 

0*7210 

30 

0*02292 

0*03322 

0*7660 

0*5552 

0*7251 

40 

0*02276 

0*02433 

0-7620 

0*6011 

0*7303 

50 

0*02259 

0*01837 

0*7585 

0*6564 

0*7752 

60 

0*02312 

0*01479 

0*7550 

0*7602 

0*8284 

70 

0*02345 

0*01253 

0*7510 

0*9381 

0-8913 

75 

— 

— 

— 

1*0220 

0*9412 

80 

_ 

. — 

— 

1*0310 

0*9910 

85 

— 

— 

— 

1*0610 

— 


* Retroflex region (see later table). 


All the above values were determined directly. 

Throughout in the cases of sodium bromide, barium bromide, and 
barium iodide the solid phases were respectively EaBr, BaBr 2 , 
and Bal 2 . 

In the case of calcium bromide, below 17-0° the solid phase is 
CaBr 2 ,40^5*011, between 17-0° and 73*9° CaBr 2 ,3C 2 H 6 *OH, and 
above 73*9° CaBr 2 ,C 2 H 5 *OH (CaBr 2) 4C 2 H 5 *OH; ethyl alcohol 
found, 48-6; calc., 48*0%. CaBr 2 ,3C 2 H 5 *OH : ethyl alcohol found, 
42*4; calc., 40*9%. CaBr 2 ,C 2 H 5 *0H: ethyl alcohol found, 20*5; 
calc., 18*7%). The form of the solubility curves exhibits a close 
parallelism to those of calcium chloride in water and in methyl 
alcohol. 

When lithium bromide and alcohol were brought together, great 
heat was developed and a solution of a slightly brown tint was 
obtained. At 25° and 30° the solution was very viscous, and 
consequently took a long time to settle sufficiently to allow of 
measurements being taken. In the temperature range 13*2° to 
23*8° there is a retroflex region, the solid phase being LiBr,4C 2 H 5 *OH 
(ethyl alcohol found, 69*2; calc., 67*9%). The congruent melting 
point of the tetra-alcoholate was 23*8°, and the solid phase in contact 
with the saturated solution at the higher temperatures has the 
composition IiBr. The eutectic point for the anhydrous salt and 
l^te.abpholate is 13*2°. The alcoholate crystallises in flat plates 
are highly deliquescent in the atmosphere, and, owing to the 
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hygroscopicity of the salt, it was impracticable to determine its 
affinity for alcohol. Greater detail regarding the eutectic region 
is given in the following table : 

Retroflex Region of the Solubility of Lithium Bromide in Ethyl 

Alcohol. 

Solubility in gram of lithium bromide per gram of ethyl 
alcohol with solid phases. 


Temp. 

LiBr. 

LiBr,4C 2 H 5 -OH. 

LiBr,4C 2 H 6 -OH. 

13-2° 

0-700 

0-700 

0-700 

15-0 

0-702 

0-687* 

0-381 

160 

0-704 

0-675* 

0-390 

20-0 

0-708 

0-606* 

0-420 

230 

0-712 

0-530* 

0-460 

23*8 

0-713 

0-472 

0*472 


The -asterisked values were obtained by thermal analysis, the 
remaining values being obtained either by direct determinations of 
solubility or from a graph. 

When the barium iodide was brought into contact with the alcohol 
great heat was developed, and in a short time the solution acquired 
an orange tint due to the presence of traces of free iodine. A fresh 
solution was made in a black flask, but even in this the colour again 
developed and it was found impossible to obtain colourless solutions. 

University College, Cardiff. [ Received , November 2&th> 1925.] 


XLIL —The Dissociation Pressures of Alcoholates . 

Part I. 

By David Glynwyn Robert Bonnell and William Jacob Jones. 

No account of work on this subject has yet been published, and 
because of its importance in relation to the affinity of salts for the 
alcohols and to residual affinity in general, we have undertaken the 
present investigation. 

The methods, which are applicable in the case of hydrates, may be 
divided into the following classes : (a) indirect, (6) tensimetric, and 
(c) dynamical, or gas current saturation. In the following, the 
applicability of each method is discussed. 

Among indirect methods are those of Muller-Erzbach {Ber., 
1881,14, 1093; Z. physical. Ghem., 1888, 2,113), Wilsdn (J. Amer. 
Ghem. Soc ., 1921,43, 704), Leseoeur (Ann. Ghim. Phye., 1889, 16, 
378; 1890, 19, 533), Cumming (J., 1909, 95, 1772), Linebarger 
(Z. physihai. Ghem 1894, 13, 500), Eoote and Seholes (J. Amer, 
Chem. Soc., 1911* 33,1309), ; and Noyes and Westbrook 1921, 

43, 726). Muller-Erzbach employed two methods. In the first, 
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he compared the rates of diffusion of aqueous vapour from, water 
and from the hydrate. His second method was to find the dilution 
of aqueous sulphuric acid solution over which the hydrate neither 
gained nor lost weight, and, when this was the case, the dissociation 
pressure was equal to the known aqueous pressure of the acid solution 
at the temperature of the experiment. Wilson’s method is identical 
in principle with the latter method of Muller-Erzbach. This method 
might be made applicable to alcoholates if, first, the aqueous 
sulphuric acid were replaced by an alcoholic solution of a difficultly 
volatile substance and, secondly, the alcoholic vapour pressures of 
solutions of various concentrations of this substance in alcohol 
had been previously determined at various temperatures. The 
time required for such an investigation might, however, be pro¬ 
hibitive. Both Leseoeur and Cumming determined the dew point 
of the vapour phase in equilibrium with the pair of hydrates. Their 
method is directly applicable to the alcoholates, but, where the 
dissociation pressure is low, suffers from the disadvantage that the 
steep gradient of temperature in the apparatus introduces a serious 
source of error. Linebarger found the aqueous vapour pressure of a 
pair of salt hydrates, at the boiling point of ether, by determining 
the boiling point of the moist ether in contact and equilibrium with 
them, and them referring to a table giving the boiling points of 
various aqueous ether mixtures and their partial aqueous vapour 
pressures at those temperatures. Foote and Scholes shook a mixture 
of two hydrates with alcohol, and, after the attainment of equili¬ 
brium, determined the water content of the alcoholic layer. The 
dissociation pressure of the hydrate at the temperature of the 
experiment is equal to the known partial pressure of a water- 
alcohol mixture of the same composition as this layer. Noyes and 
Westbrook have employed a method which in principle is identical 
with that of Foote and Scholes, the reference liquid used being iso- 
amyl alcohol. In the latter three methods, the properties of the 
reference liquids are so strictly circumscribed that it would be 
difficult to find a suitable liquid for use in the investigation of the 
alcoholates. Thus the salt must be insoluble in the reference liquid, 
the reference liquid must not form stable solid solvates with the 
salts in the presence of the alcohols, its affinity for the alcohols must 
be negligible compared with that of the salts for alcohol, and it 
must be only partly miscible with alcohol. 

In order to apply the tensimetric method of Frowein (Z. physikal . 
Ghem., 1887,1,1,362), a liquid in which the alcohols are insoluble has 
to be employed in the manometer, and mercury, which is the only 
so dense that accuracy cannot be conveniently 
Moreover Menzies (J. Amer. Ghem. Soo., 1920, 


^aetacable liquid, is 
'its use. 
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42, 1952) has found that it is extremely difficult to evacuate the 
tensimeter satisfactorily. 

The . dynamical method, which is originally due to Tammann 
(Ann. Physik, 1888, 33, 329), has been elaborated and perfected for 
the hydrates by Partington (J., 1911, 99, 466), Baxter and Lansing 
(J. Amer. Chem. Soc., 1920, 42, 419), Partington and Huntingford 
(J., 1923, 123, 160), Schumb ( J. Amer. Chem. Soc., 1923, 45, 342), 
and Baxter and Cooper (ibid., 1924, 46, 923). We have found that 
this method is eminently suited to the investigation of the dis¬ 
sociation pressures of the alcoholates. 

Two objections have been urged against this method, namely, 
first, that equilibrium is approached only from the side of under¬ 
saturation of the air current, and, secondly, that attainment of 
equilibrium between vapour phase and crystals is so slow that the 
time allowed in the passage of the air over the solid is insufficient. 
The first objection is disposed of by the data in Table I, where some 
experiments are detailed in which the equilibrium was approached 
both from undersaturation and from supersaturation, with results 
which within experimental error are identical. The second objection 
can be met only by ensuring that the rate of passage of air employed 
in . the experiments is sufficiently slow, and by demonstrating that 
the same value is obtained for the dissociation pressures when a 
considerably slower rate is employed. The necessary slowness of 
the current depends, among other things, on the nature of the 
solvent, the salt, the temperature, and the dimensions of the 
saturator used. In our experiments the passage of 100 c.c. per hour 
gave the same result as that obtained with 500 c.c. per hour, and 
these were the extreme rates used. Furthermore, the fact that in 
our experiments air which was initially supersaturated with alcohol 
vapour gave the same result as air which was initially dry proves 
that the air leaving the saturator was adequately saturated with 
alcohol vapour and that a true state of equilibrium was attained. 

Experimental. 

The method adopted in the present work consisted in drawing a 
measured volume of dry air, free from carbon dioxide, through an 
intimate mixture of the pair of alcoholates, and finding the weight 
of alcohol vapour taken up by the air, either by collecting the 
alcohol in weighed U-tubes containing phosphorus pentoxide, or by 
determining the loss of weight of the mixture. The air, which was 
drawn through the mixture of alcoholates by means of an aspirator, 
was purified by passage in succession through concentrated sulphuric 
acid, a large calcium chloride tower, a U-tube filled with broken 
sticks of potassium hydroxide, and finally a 210 cm, train of freshly 
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prepared phosphorus pentoxide powder mixed with glass wool. 
The purified air passed into the saturator, which was similar in form 
to that used by Partington (J., 1911, 99, 468, Fig. 1a), except that 
our U-tubes were sealed off instead of being closed with paraffined 
corks. The saturator was filled to the level of the side tube with a 
mixture of the pair of alcoholates under investigation. The diameter 
of the column of mixture was 2 cm. and its mean length 42 cm. The 
saturator was im mersed in a thermostat with only the side tubes 
emergent. A differential mercury manometer attached to the exit 
side tube served to give the difference in pressure between the 
external atmosphere and the mixture of air and alcohol vapour as it 
left the saturator, and consequently the sum of the partial pressures 
of the alcohol and air could be found. The saturated air afterwards 
passed into a U-tube filled with phosphorus pentoxide mixed with 
glass wool, whereby it was deprived of its alcohol. All connexions 
in this part of the apparatus were made with tightly fitting rubber 
tubing, inside which the ends of the glass tubes were brought into 
contact with each other. The air next passed into a U-tube filled 
with calcium chloride, which served as a trap to prevent back- 
diffusion of moisture from the aspirator in which the air was finally 
collected. At the beginning of the experiment the aspirator was 
filled to the top with water, which had been allowed to come to 
room temperature before the air current was started. The air 
inlet tube reached practically to the bottom of the water in the 
aspirator, and the air acquired the temperature of the aspirator 
during its passage downwards through the inlet tube and upwards 
through the water to the top of the aspirator, where it collected. 
The volume of air passed over the alcoholates was found by weighing 
the water expelled from the aspirator. The temperature of the room 
was maintained constant. An open-limb differential mercury 
manometer served to give the difference in pressure between the air 
collected inside the aspirator and the external atmosphere. 

Care was taken that the dry air always entered the saturator at 
the same end in order that the air leaving the saturator should 
always come into contact with a mixture of both solid phases. 
Similar care was taken with the phosphorus pentoxide tube in order 
to retain all traces of alcohol. Atmospheric moisture was rigorously 
excluded in the preparation of the alcoholates, and in their transfer 
to the saturator, which had been previously thoroughly dried by a 
current of hot air. 

; - The alcoholic dissociation pressure, p, of the pair of alcoholates 
isader investigation at the temperature of the thermostat is given 
by the equation p/p f = vj{7 + v), where v and 
'respective volumes of alcohol vapour and dry air in the 
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mixture leaving the saturator at the temperature of the experiment 
and under the pressure p' s which is the sum of the partial pressures 
of the alcohol vapour and air as they leave the saturator, expressed 
in mm. of mercury. Since we are dealing with a ratio of volumes, 
the ratio of the pressures is unaltered if we substitute the values of 
the volumes at N.T.P. , which can be determined as follows : 

22410m F _ 273-1 (P-f)W 
v ~ M ’ V ~ (273-1 + t)md’ 

wherein m is the mass of alcohol in grams lost from the saturator 
and M is the molecular weight of the alcohol, P is the final pressure 
of the air inside the aspirator, / is the aqueous vapour pressure at 
the temperature, t°, of the aspirator, both pressures being expressed 
in mm. of mercury, W is the mass in grams in a vacuum of the water 
expelled from the latter, and d its density. 

™ _ 22410 x 760(273-1 + t)p’md __ 

n “ 273*1 X WM(P-f) + 22410 X 760(273-1 + t)md’ 

P is determined by taking the barometer reading at the end of 
the experiment and subtracting therefrom the reading of the 
aspirator manometer. 

The sum of the partial pressures, p\ is equal to the average baro¬ 
metric pressure during the run minus the average value of the 
readings of the mercury manometer attached to the exit tube of the 
saturator. 

The mass, m, of the alcohol lost by the saturator was found either 
by the increase in weight of the phosphorus pentoxide tube or by 
the decrease in weight of the saturator, or by both means. In these 
weighings suitable counterpoises were employed. Both methods 
agreed, as is shown in the tables. 

In a typical experiment the results obtained were as follows: 
CaBr 2 ,3w-C 3 H 7 *OH - CaBr 2 at 60°. P 766*7; p' 764*7; t 17*7°; 
/ 15*0; d 0*99868; W 4281; M 60*06; m by loss in weight of 
saturator 0-2200; m by gain in weight of phosphorus pentoxide 
tube 0*2193; giving p by loss in weight of saturator 15*447, and by 
gain in weight of phosphorus pentoxide tube 15*398, in both cases in 
mm. of mercury. 

The losses in weight of the saturators recorded in the present 
experiments were between 0*0148 and 0-6271 g., whilst the volumes 
of air employed fell between 356*4 and 14155 c.c. 

In order to eliminate initial disturbances due to liquid alcohol 
adhering to the crystalline alcoholates each new charge in the 
saturator was aged by drawing through it a small volume of dry air 
before the readings were begun. 

The present method is applicable only where the dissociation 

' ' M* 
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pressure is lower than the vapour pressure of the pure alcohol at 
room temperature, since, if the former is greater than the latter, 
condensation will occur in the side tubes which emerge from the 
thermostat. 

Results. 

In Table I ,p‘‘ denotes the values of p at f determined from super¬ 
saturation, and p‘‘ those determined from undersaturation, by the 
gain in weight of the P 2 0 5 tube, and pi' and plj denote the values of 
p determined from the loss in weight of the saturator and the gain 
in weight of the P 2 0 5 tube, respectively. 

Table I. 

CaBr a ,4CH 3 -OH-CaBr 2 ,3CH 3 -OH. 
pf 19-99, 19-57, 19-78, 19-82, 19-88. 
pf 19-90, 19-90, 19-98, 19-94, 19-92. 

pf 40-70, 40-46, 40-58, 40-54, 40-60. 
pf 40-42, 40-28, 40-30, 40-28, 40-30. 

CaCl 2 ,4CH 3 • OH-CaC^, 3CH 3 • OH. 

pf 49-90, 49-70, 49-40, 49-60, 50-10, 49-84; mean 49-76. 

pf 48-90, 48-99, 48-92, 49-20, 49-09, 48-84; mean 48-84. 

Pf 70-08, 70-14, 70-06, 70-15, 69-89, 70-00; mean 70-05. 

pf 69-80, 69-72, 69-69, 69-73, 69-73, 69-53; mean 69-70. 

pf 99-7, 100-5, 99-6, 99-2, 99-5, 99-8; mean 99-7. 
pf 98-8, 99-1, 98-6, 98-9, 99-0, 98-9; mean 98-9. 

CaBr 2 ,4CH 3 - OH-CaBr 2 ,3CH 3 ■ OH. 
pf 13-55, 13-54, 13-62, 13-58, 13-72; mean 13-60. 

pf 13-52, 13-58, 13-59, 13-52, 13-60; mean 13-56. 

pf' 19-91, 19-92, 19-96, 20-00, 19-93, 20-06; mean 19-96. 

pf 19-90, 19-90, 19-98, 19-94, 19-92, 20-02; mean 19-94. 

pf 40-45, 40-47, 40-30, 40-43, 40-28, 40-41, 40-36; mean 40-45. 

pf 40-42, 40-28, 40-30, 40-28, 40-30, 40-34; mean 40-32. 

pf 75-77, 75-80, 74-95, 75-87, 75-85, 75-54, 75-90; mean 75-67. 

Pf 75-85, 75-50, 75-19, 75-58, 75-01, 75-49, 74-98; mean 75-37. 

CaCl^CaHs-OH-CaCLj. 
pf 7-81, 7-53, 8-00, 7-57, 7-72, 7-78; mean 7-74. 
pf 17-57, 17-67, 17-67, 17-83, 18-12, 18-28, 17-67, 17-79; mean 17-81. 

pf” 48-56, 48-89, 48-58, 48-55, 49-40, 49-66, 49-20, 49-01; mean 48-98. 



CaBr 2; 3C 2 H 5 -OH-CaBr 2 ,C 2 H.-OH. 

•j 3-89, 3-70, 3-74, 3-92, 3-72, 3-83, 3-73, 3-77; mean 3-79. 

9-45, 8-82, 9-06, 9-31, 9-49, 9-40, 9-25, 9-29; mean 9-32. 

.20-68, 20-18, 20-71, 20-76, 20-40, 20-76, 20-25, 20-95; mean 20-59. 
’igjttrffc 41-31, 41-65, 40-20, 41-81, 42-10, 42-00, 41-90; mean 41-55. 
^S^ffla-88, 74-50, 73-04, 72-70, 73-40, 72-56, 73-02; mean 73-24. 
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Table I ( continued ). 
CaCl 2 ,3?i-C3H 7 -OH-CaCl 2 . 

p?\ 6*41, 6-50, 6*40, 6*44, 6*43, 6-46, 6*45, 6*42, 6-42, 6*45; mean 6*43. 

pf* 6*40, 6*47, 6*40, 6*39, 6*38, 6*39, 6*42, 6*38, 6*40, 6*40; mean 6*40. 

pf 16*46, 16*32, 16*16, 16*38, 16*38, 16*28, 16*40, 16*37, 16*38, 16*43; 
mean 16*36. 

pf 16-27, 16-18, 16-14, 16-26, 16-31, 16-23, 16-32, 16-28, 16-20, 16-31; 
mean 16*25. 

pf 34-10, 34-12, 34-43, 34-30, 34-23, 34-11, 34-24, 34-14, 34-10, 34-37; 
mean 34*21. 

pf 34-02, 33-90, 34-34, 34-10, 34-01, 34-00, 34-08, 34-03, 34-03, 34-22; 
mean 34*17. 

CaBr 2 , 3^-C 3 H 7 • OH-CaBr 2 . 

pf 1*70, 1*72, 1*73, 1*67, 1*71, 1*78, 1*70, 1*72, 1*72; mean 1*72. 

pf 1-70, 1-70, 1-67, 1-67, 1-67, 1-73, 1-69, 1-68, 1-71; mean 1-69. 

pf 3-73, 3-72, 3-77, 3-77, 3-76, 3-73, 3-76, 3-73, 3-72, 3-74; mean 3-74. 

pf 3-69, 3-66, 3-70, 3-67, 3-71, 3-66, 3-70, 3-66, 3-71, 3-68; mean 3-68. 

pf 7-61, 7-67, 7-65, 7-64, 7-66, 7-66, 7-69, 7-68, 7-67, 7-64; mean 7-66. 

pf 7-47, 7-55, 7-53, 7-55, 7-59, 7-57, 7-62, 7-58, 7-59, 7-55; mean 7-57. 

pf 15-69, 15-44, 15-63, 15-68, 15-54, 15-45, 15-63, 15-56, 15-50, 15-53; 
mean 15*56. 

pf 15-43, 15-18, 15-44, 15-50, 15-50, 15-40, 15-48, 15-42, 15-43, 15-48; 
mean 15-43. 

CaCI 2 ,3?i-C 4 H 9 -OH-CaCl 2 . 

pf 1-44, 1-42, 1-48, 1-49, 1-48, 1-46, 1-49, 1-47, 1-47, 1-47; mean 1-47. 

pf 1-44, 1-43, 1-47, 1-44, 1-43, 1-44, 1-47, 1-43, 1-43, 1-44; mean 1-44. 

pf 3-96, 3-64, 3-72, 3-66, 3-68, 3-70, 3-72, 3-75, 3-70, 3-70; mean 3-72. 

pf 3-94, 3-61, 3-68, 3-63, 3-64, 3-68, 3-69, 3-71, 3-70, 3-64; mean 3-69. 

pf 9-22, 9-18, 9-11, 9-10, 9-20, 9-16, 9-23, 9-15, 9-21, 9-21; mean 9-18. 

pf 9-08, 9-09, 9-10, 9-06, 9-13, 9-08, 9-21, 9-03, 9-08, 9-18; mean 9-09. 

pf 13-43, 13-52, 13-82, 13-50, 13-48, 13-55, 13-50, 13-49, 13-56, 13-42; 
mean 13*53. 

pf 13-26, 13-32, 13-61, 13-41, 13-39, 13-52, 13-31, 13-27, 13-40, 13-33; 
mean 13*38. 

CaBr 2 ,3w-C 4 H 9 *OH-CaBr 2 . 

pf 1-56, 1-54, 1-59, 1-53, 1-59, 1-54, 1-60, 1-54, 1-56, 1-53; mean 1-56. 

pf 1-56, 1-52, 1-58, 1-53, 1-55, 1-53, 1-57, 1-54, 1-53, 1-52; mean 1-53. 

pf 2-84, 2-80, 2-81, 2-78, 2-85, 2-80, 2-81, 2-85, 2-83, 2-82; mean 2-82. 

pf 2-81, 2-81, 2-79, 2-77, 2-84, 2-79, 2-81, 2-84, 2-82, 2-80; mean 2-81. 

pf 5-08, 5-04, 5-07, 5-09, 5-05, 5-00, 5-08, 5-08, 4-99, 5-10; mean 5-06. 

pf 5-06, 5-01, 5-06, 5-08, 6-03, 5-00, 5-04, 5-04, 4-98, 5-05; mean 5-04. 

pf 9-38, 9-68, 9-36, 9-42, 9-48, 9-54, 9-57, 9-41, 9-45, 9-40; mean 9-46. 

pf 9-38, 9-48, 9-34, 9-36, 9-43, 9-49, 9-55, 9-41, 9-40, 9-35; mean 9-42. 

Table II summarises the preceding results and gives the dissoci¬ 
ation pressures in mm. of mercury at the various temperatures. 

M* 2 
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CaCl s 

CaBr. 

CaCl 2 

Table II. 

CaBr fi GaOl. 

CaBr 8 

Ca01 9 

CaBr 2 


4-3 

4-3 

3-0 

3-1 

3-0 

3-0 

3-0 

3-0 

Temp. 

CH a *OH. 

CH.-OH. C 2 H s . 0H. C a H B .OIT. 

n-C a H,*0H. w-CaHj-OH. w-O 4 H 0 *OH 

15° 

49*30 

13*58 

— 

_ 

— 

— 

— 

— 

20 

69*88 

19*95 

— 

3*79 

— 

— 

— 

— 

30 

99*3 

40*39 

7*74 

9*32 

6*42 

1-71 

1*45 

1*55 

40 

— 

75*52 

17*81 

20*59 

16*31 

3*71 

3*70 

2*82 

50 

—' 

— . 

48*98 

41*55 

34*19 

7*62 

9*14 

5*05 

60 

— 

— 

— 

73*24 

1 — 

15*50 

13*45 

9*44 


Determinations of the dissociation pressures of other aleoholates 
are now in progress, and it is hoped to make the results obtained 
and the comparison of the affinities of the alcohols for salts the 
subjects of a further communication. 

We desire to thank the Chemical Society for a grant which partly 
defrayed the expenses incurred in this investigation. 

University College, Cardiff. [Received, November 28th, 1925.] 

XLIII ,—The 4- and 4' -Methoxyle?izoylbenzoins. 

By Herbert Greene. 

Alkaline reagents and notably sodium ethoxide convert benzoyl- 
mandelonitrile (Francis and Davis, J., 1909, 95,1404) into benzoyl- 
benzoin (Robinson and Robinson, P., 1913, 29, 266; J., 1914, 105, 
1456). By adding benzaldehyde to the reaction mixture, Greene and 
Robinson (J., 1922, 121, 2182) increased the yield of this product 
and found similarly that benzoylpiperoin was advantageously 
prepared from a mixture of benzoyl-3 :4-methyIenedioxymandelo- 
nitrile and piperonal. These observations were in harmony with 
Lapworth’s view of the course of the benzoin reaction (J., 1903, 
83, 1004) and further evidence of a condensation of the aldol type 
was obtained when the interaction of benzoylmandelonitrile and 
anisaldehyde resulted in the isolation of a methoxybenzoylbenzoin 
melting at 119*5—120*5°. The structure of this product is discussed 
below. 

It was also shown that 3:4-methyIenedioxybenzoylbenzoin, 
CH 2 0 2 !C 6 H 3 *C0*CH(0Bz)Ph (I), is the main product of condensation 
between benzoyl-3 : 4-methylenedioxymandelonitrile and benzalde¬ 
hyde, whereas 3': 4'-methylenedioxybenzoylbenzoin, 
PhC0*CH(0Bz)*C 6 H 3 :0 2 CH 2 

Is obtained from benzoylmandelonitrile and piperonal. A 
of the benzoyl group was therefore definitely established, 
the time of reaction, these products may be obtained 
pure, and the same is true of the piperonyl-furyl isomerides, 
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to which, by analogy, structures (III) and (IV) are assigned. The 
similarity existing between benzaldehyde and furfuraldehyde 
extends in this case to the yields of “ mixed ” benzoin. Thus sub¬ 
stances (I) and (III) are obtained in small yield only (5 to 10%), 
whereas piperonal reacts with the benzoylcyanohydrins of these 
two aldehydes to give substances (II) and (IV) in much larger 
amount (25 to 30%). 

ch 2 o 2 :c 6 h 3 -ch(OBz)*cn + cho-c 4 h 3 o —>• 

Cn 2 0 2 :C 6 H 3 -C0*CH(0Bz)-C 4 H 3 0 (III.) 

(vii.) c 4 h 3 o-ch(OBz)*cn + ch 2 o 2 :c 6 h 3 -cho —> 

c 4 h 3 o-co-ch(OBz)-c 6 h 3 :o 2 ch 2 (iv.) 

In the same way, anisaldehyde and benzoylmandelonitrile react 
to give 4 , -methoxybenzoylbenzoin (V; m. p. 127—128°), whilst 
benzoyl-^-methoxymandelonitrile and benzaldehyde yield the 
isomeric 4-methoxybenzoylbenzoin (VT; m. p. 119*5—120*5°). 
Here, however, the allocation of formulae is not so simple, for the 
lower-melting isomeride is also obtainable from the other reaction 
mixture (Greene and Robinson,* loc. cit.> p. 2189). In fact, either 
of the isomerides may be obtained from benzoylmandelonitrile 
and anisaldehyde. The reaction system is very sensitive to changes 
in the experimental conditions, which have therefore been studied 
in detail. 

On standing in contact with cold sodium ethoxide solution, both 
isomerides are hydrolysed to _p-methoxybenzoin (Ekecrantz and 
Ahlqvist, Arhiv Kerri. Min. Geol 1908, 3, Ho. 13,26). It is desirable, 
therefore, to interrupt the reactions some 15 minutes after addition 
of the condensing agent, and when this is done the yields are roughly 
as follows : 

Benzoyl-jp-methoxy- 
Benzoylmandelonitrile mandelonitrile and 
and anisaldehyde. benzaldehyde. 

£ Mol. of NaOEt. Rapid Higher-melting iso- No crystalline product. 

interruption. meride, 30%. 

1 Mol. of NaOEt. Rapid Lower-melting iso- Lower-melting isomer- 
interruption. meride, 8%. ide, 15%. 

£ Mol. of NaOEt. Gradual Both isomerides. Benzoylbenzoin. 

addition. 

In the cases mentioned above, the diminution of the quantity of 
sodium ethoxide to a half-molecular proportion leads to the 
spontaneous separation of substances I, H, HI, and IV. It seems 
reasonable, therefore, to regard the isomeride melting at 127—128° 
as the normal product of condensation between benzoylmandelo¬ 
nitrile and anisaldehyde, .and this substance is therefore 4'-methoxy- 
benzoylbenzoin. The isomeride of m. p. 119-5—120-5° is accord- 

* Compare this communication for the scheme of numbering. 
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ingly 4-methoxybenzoylbenzoin and its occurrence as a product of 
condensation of benzoylmandelonitrile and anisaldehyde appears to 
be due to a double decomposition which results in the formation 
of benzaldehyde and benzoyl-^-methoxymandelomtrile. The fol¬ 
lowing results demonstrate that such a reaction can occur. 
Attempted condensations of benzoylmandelonitrile and furfuralde- 
hyde on the one hand and of beiizoylfurfuraldehydecyanohydrin 
(VII) and benzaldehyde on the other have uniformly furnished 
mixtures of benzoylbenzoin (m. p. 125°) and benzoylfuroin (m. p. 
92—93°) in slightly varying proportions. 

It is clear that the formation of benzoylfuroin from benzoyl¬ 
mandelonitrile and furfuraldehyde involves preliminary transference 
of the benzoyl cyanide addenda from benzaldehyde to furfuraldehyde. 
The benzoyKurfuraldehydecyanohydrin so formed then reacts 
with unchanged furfuraldehyde in the normal manner, and benzoyl- 
f urion is, in fact, readily accessible through this derivative. In the 
second series of experiments, we have the inverse change. Some 
benzoylmandelonitrile is formed at the expense of the benzoyl- 
furfuraldehydecyanohydrin, and it then reacts with unchanged 
benzaldehyde, yielding benzoylbenzoin. All these reaction mixtures 
originally contained excess of free aldehyde, and accordingly, where 
the gradual addition of sodium ethoxide during a period of three 
or four hours has favoured equilibrium, the products of this type 
of change are present in relatively greater amount. 

Under similar conditions, benzoylbenzoin was actually the only 
crystalline product obtained from benzoyl-^-methoxymandelo- 
nitrile and benzaldehyde (table above). Here again we must infer 
degradation of the original nitrile and formation of benzoylmandelo- 
nitrile, which subsequently undergoes its normal condensation with 
unchanged benzaldehyde. With benzoylmandelonitrile and anisalde¬ 
hyde, the concomitant processes are represented by the scheme 
below, in which it has not been considered necessary to illustrate the 
contemporaneous formation of benzoylbenzoin and benzoylanisoin. 

MeO*C 6 H 4 -CHO + Ph-CH(OBz)-C3ST —> MeO*C 6 H 4 *CH(OBz)*COPh 

(V.) 

MeO-C 6 H 4 -CH(OBz)-CN + PhUHO —> MeOU 6 H 4 -CO-CH(OBz)Ph 

(VI.) 

In the studies now recorded, the formation of isomeric derivatives 
of mixed benzoins was observed in three out of four cases. It is 
apparently favoured by disparity of the constituent aldehydes. 

-> Experimental. 

—Always a good and, on one 
^ a practically theoretical yield of this substance was 
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obtained by application of the general method of Francis and Davis 
(loc. cit). Furfuraldehyde (24 g.), benzoyl chloride (35 g.), and a 
solution of potassium cyanide (17 g.) in water (200 c.c.) were shaken 
together for 1 hour with cooling. The product separated from 
90% alcohol in colourless, hexagonal plates (Found: C, 68*9; 
H, 4*3. C 13 H 9 0 3 N requires C, 68*7; H, 4*0%). This material, 
m. p. 48°, was used for the preparation of the derivatives described 
below. Distillation under reduced pressure and recrystallisation 
from alcohol raise the melting point to 49°. 

Benzoylfuroin , C 4 H 3 0*C0*CH(0Bz)*C 4 H 3 0.—A cold solution of 
sodium ethoxide (0*6 g. of sodium) in ethyl alcohol (30 c.c.) was 
rapidly added to one of benzoyIfurfuraldehydecyanohydrin (11 g.) 
and furfuraldehyde (12 g.) in ethyl alcohol (25 c.c.). The reaction 
mixture was shaken for 4 minutes in running water, which checked 
a slight rise of temperature, and then cooled in ice-water. The 
product that separated was collected after 15 minutes and extracted 
with boiling ethyl alcohol (20 c.c.). The filtered solution yielded 
6*15 g., m. p. 92—93° (Found for twice recrystallised material: 
C, 68*7; H, 4*1. C 17 H 12 0 5 requires C, 68*9; H, 4*0%); a further 
1*2 g., m. p. 91—93°, could be isolated. The substance separates 
from alcohol in colourless octahedra, the predominant prismatic 
modification being derived by prolongation along one axis. With 
cold concentrated sulphuric acid, an intense green colour is developed 
and this gradually changes to brown on warming. By the action 
of alcoholic sodium ethoxide, a small amount of furil, m. p. 164°, 
was produced, which was identified by the melting point of its 
mixture with an authentic sample (E, Fischer, Annctlen, 1882, 
211 , 221 ). 

Benzfuroin .—It seemed possible to clear up the question as to 
whether benzfuroin (E. Fischer, be. cit.) is a single substance by 
benzoylating it and comparing the product with the isomeric 
benzoylbenzfuroins, 

Benzfuroin was recovered unchanged after being shaken with 
aqueous potassium hydroxide and benzoyl chloride, even in presence 
of ether, or with pyridine and benzoyl chloride, and heating with the 
acid chloride alone resulted in profound decomposition. Difficulties 
of quite another kind were met in attempts, described in detail 
below, to prepare the isomeric derivatives; for the most part, 
mixtures of benzoylbenzoin and benzoylfuroin were obtained. 
Neither of the required isomerides being present in isolable amount, 
this method of attack was abandoned. There are, however, grounds 
for believing that benzfuroin is a mixture of two isomerides. 

The melting points of four preparations of benzfuroin showed 
variations (recorded : 135—141°, 134—135°, 134-137°, 138—140°). 
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These may, of course, be due in part to the presence of benzoin or 
furoin. Benzfuroin was the sole product isolated in an attempt to 
prepare a benzoylbenzfuroin by the very slow addition, during 5 or 
6 hours with water cooling, of sodium ethoxide (1*15 g. of sodium) 
in ethyl alcohol (40 c.c.) to a cold solution of benzoylmandelonitrile 
(11 g.) and furfuraldehyde (12 g.) in ethyl alcohol (40 c.c.)* The 
product (1*9 g.) was isolated by means of ether and crystallised from 
boiling water, giving 0*5 g. of long, feathery crystals, m. p. 139— 
141°. The granular, amorphous residue was recrystallised from a 
little absolute alcohol and then from aqueous alcohol. This material 
(0*2 g.) melted at 141*5—143*5°, and at 138—140° when mixed with 
the other fraction or with benzfuroin (m. p. 137—139°) prepared 
by Fischer’s method. The possibility that benzfuroin was here 
the product of hydrolysis again suggests its composite character. 
Finally, apart from decomposition, the material was practically 
unchanged by the action of boiling alcoholic sodium ethoxide, a 
reagent which doubtless induces enolisation. The recovered material 
softened at 136° and melted at 140—142°, alone or mixed with the 
original material. 

Attempts to prepare Isomeric Benzoylbenzfuroins .—In each experi¬ 
ment the reaction mixture was treated with ether and water. The 
ethereal layer was washed successively with aqueous sodium bisul¬ 
phite, sodium carbonate solution, and water, and dried with 
anhydrous sodium sulphate. The following table summarises the 
results of the experiments. 

Products from 

Benzoylfurfuralde- 

Benzoylmandelonitrile hydecyanohydrin and 

and furfuraldehyde. benzaldehyde. 

| Hoi. of NaOEt. Rapid Benzoylbenzoin and Benzoylbenzoin and 

~ interruption. benzoylfuroin. benzoylfuroin. 

1 Mol. of NaOEt. Rapid Ditto (together with Benzoylbenzoin and 

interruption. benzfuroin). benzoylfuroin (A), 

i Mol. of NaOEt. Gradual Ditto (richer in benz- Ditto (richer in benz- 
addition. oylfuroin). oylbenzoin). 

The following is a typical experiment resulting in the formation 
of the product (A). A solution of sodium ethoxide (1*15 g. of sodium) 
in ethyl alcohol (30 c.c.) was added in one portion to one of benzoyl- 
ftudhmaldehydecyanohydrin (11*4 g.) and benzaldehyde (10 g.) in 
ethyl alcohol (30 c.c.). The mixture was shaken in running water 
for 15 minutes and then extracted as above. After removal of 
solvent and addition of a little methyl alcohol, crystals readily 
% which were filtered off after 3 hours (4*3 g.). Recrystal- 
l 90% alcohol (15 c.c.), they melted at 87—88° and showed 
* microscope a variety of shapes strongly resembling those 
m the case of 4-methoxybenzoylbenzoin. This crop was 
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recrystallised from 90% alcohol (15 c.c.), giving two crops, and a 
third by addition of water : Crop I, 245 g., m. p. 86—87°; crop II, 
0-75 g., m. p. 87°; crop III, 0*26 g., m. p. 85—87°. Crop I, recrystal¬ 
lised from absolute alcohol, gave two crops, of which the larger 
weighed 2*19 g. and melted at 86—87°. It still showed a variety of 
shapes under the microscope (Found: C, 74*0; H, 4*7. 
Osi^-is^s + C 17 H 12 0 5 requires C, 74*5; H, 4*6%). For comparative 
purposes, an equimolecular mixture of benzoylfuroin and benzoyl- 
benzoin was prepared. After preliminary softening, this began to 
melt at 85*5° and still contained some solid at 90°, whilst when 
mixed with product (A) it melted at 84*5—88°. This leads us to 
conclude that both mixtures are in the neighbourhood of the eutectic* 
Product (A) is therefore a mixture containing benzoylfuroin, benzoyl- 
benzoin, and probably some benzoylbenzfuroin, although this has 
on no occasion been isolated. 

4-Methoxybenzoylbenzoin (VI; m. p. 119*5—120*5°).—This sub¬ 
stance, obtained with fortuitous ease from a reaction mixture of 
benzoylmandelonitrile and anisaldehyde, was described (Greene and 
Robinson, foe. cit.) as 4'- methoxybenzoylbenzoin. Reasons for 
adopting the alternative configuration have now been given. 

4-Methoxybenzoylbenzoin is best prepared by condensing benzoyl- 
jp-methoxymandelonitriie and benzaldehyde. The reaction requires 
rather more than 1 mol. of sodium ethoxide and should be rapidly 
interrupted. Thus 1*5 g. of nearly pure material were obtained 
when a solution of sodium ethoxide (0*6 g. of sodium) in alcohol 
(20 c.c.) was added in one portion to the nitrile (7*3 g.) and benzalde¬ 
hyde (10 g.) in cold alcoholic solution (20 c.c.). The reaction lasted 
10 minutes. 

To observe the abnormal production of this isomeride from 
benzoylmandelonitrile and anisaldehyde, it is desirable to reduce 
the time of reaction and so check hydrolysis. A solution of sodium 
ethoxide (1*3 g. of sodium) in alcohol (25 c.c.) was added in one lot 
to a solution of benzoylmandelonitrile (12 g.) and anisaldehyde 
(11 g.) in alcohol (30 c.c,). Rise of temperature was checked by 
shaking the reaction mixture in running water, and after 7 minutes 
the material was extracted by addition of ether and water. After 
removal of the solvent, the residual liquor was treated with methyl 
alcohol and light petroleum. Cooling in ice and salt gave crystals 
which, once recrystallised from alcohol, weighed 0*9 g, and melted 
between 118° and 120°. These were identical with the original 
specimen (Greene and Robinson, foe. tit.) (Found: MeO, 7*9, 8*1. 
Calc, for CggH^gO^, MeO, 9*0%). 

Abnormal Production of Benzoylbenzoin. —On three occasions when 
| mol. of sodium ethoxide was added drop by drop to alcoholic 
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solutions of benzoyl-^-methoxymandelonitrile and benzaldehyde, 
small quantities of benzoylbenzoin were obtained in a good state 
of purity. This unexpected result was ascertained in one case by 
combustion and the method of mixed melting point and in the others 
by the latter method only. The characteristic prismatic rods 
of benzoylbenzoin were also readily recognisable under the micro¬ 
scope. The yields of this product, starting in each case from 11-5 g. 
of benzoyl-^-methoxymandelonitrile and 11 g. of benzaldehyde, 
were 1-6 g. (m. p. 122—125°), 0-7 g. (m. p. 120—123°), and 0*6 g. 
(m. p. 119—122°), respectively. The condensation of benzoyl-p- 
methoxymandelonitrile with anisaldehyde does not afford a con¬ 
venient means of preparing benzoylanisoin. 

4 '-Methoxy benzoylbenzoin (V; m. p. 127—128°).—A solution of 
sodium ethoxide (145 g. of sodium) in ethyl alcohol (30 c.c.) was 
added in one portion to benzoylmandelonitrile (23 g.) and anisalde¬ 
hyde (22*5 g.) dissolved in ethyl alcohol (30 c.c.). The mixture was 
shaken in running water for 5 minutes and then worked up in the 
usual manner. The crystals (3*4 g.) which separated from the ether, 
recrystallised from 90% alcohol (75 c.c.), had m. p. 125—127°. 
The ethereal mother-liquor was treated as usual, and the crop 
recovered from the drying agent (magnesium sulphate) by addition 
of water, on recrystallisation, gave 4*9 g. of m. p. 124—127°; from 
the ethereal solution 2*4 g. of m. p. 121—124° were obtained. The 
pure product melted at 127—128° (Found : C, 76*1; H, 5*3; MeO, 
8*5. requires C, 76*3; H, 5*2; MeO, 9*0%). A mixture 

with the isomeride described above melted at 100—104°. 4'- 
Methoxy benzoylbenzoin crystallises from alcohol or ether in colour¬ 
less, prismatic rods and dissolves in cold concentrated sulphuric acid 
to a brassy yellow solution which, on warming, remains yellow for a 
time and then suddenly passes through reddish-brown to dark 
greenish-brown. 

A further illustration of the sensitive nature of the general reaction 
was provided by an experiment in which a cold solution of sodium 
ethoxide (0*6 g. of sodium) in alcohol (25 c.c.) was, during 3 or 4 
hours, gradually added to a cold solution of benzoylmandelonitrile 
(12 g.) and anisaldehyde (11 g.) in ethyl alcohol (30 c.c.). Some 
crystals separated during the course of the reaction, which was 
controlled by water cooling. These were filtered off, washed with 
water and alcohol, and recrystallised from alcohol. The substance 
(0*1 g.) had m. p. 120—124°, which was raised to 120—126° by 
admixture with 4'-methoxybenzoylbenzoin and depressed by 
g|&|mixture with the other isomeride. The filtrate of the reaction 
was extracted as usual and gave a syrup from which, by 

( 0*3 g.) obtained. 
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Piperonoyl-ct-furylcarbinyl Benzoate (III).—This substance was 
obtained from benzoylmethylenedioxymandelonitrile (28 g.) and 
furfuraldehyde (23 g.) in alcohol (30 c.c.) by addition in one lot of 
a solution of sodium ethoxide (1*15 g. of sodium) in ethyl alcohol 
(30 c.c.). The mixture was shaken in running water for 5 minutes 
and then extracted as in other cases. From the ethereal solution, 
a crop was obtained which, after one recrystallisation from 90% 
alcohol (45 c.c.), gave 3-3 g. of crystals, m. p. 130—132°. A smaller 
fraction (1*3 g.), m. p. 117—130°, was recovered from the drying 
agent. In two half-scale experiments the yields were 1*4 g. of 
m. p. 125—130° and 1*6 g. of m. p. 125—129°. In the former, the 
reaction was allowed to proceed for 20 minutes before extraction, 
and this delay seems to have decreased the yield. Increase of the 
proportion of sodium to 1*1 g. for 14*1 g. of nitrile in a reaction which 
lasted 15 minutes led to the isolation of an impure product (3*4 g.), 
m. p. 103—106°. 

From the three earlier experiments were obtained 6*6 g. of material, 
m. p. 131*5—133*5°, and for analysis a portion of this was recrystal¬ 
lised from glacial acetic acid, toluene and rectified spirit. The pure 
product melted at 132*5—133*5° (Found: C, 68*5; H, 4*1. 
C 20 H 14 O g requires C, 68*6; H, 4*0%). The substance crystallised 
from alcohol in colourless, prismatic rods and when mixed with its 
isomeride of m. p. 140—141°, melted at 110—115°. 

a-Furoylpiperonylcarbinyl Benzoate (IV).—This substance was 
prepared readily and in good yield by the condensation of piperonal 
(12 g.) with benzoylfurfuraldehydecyanohydrin (11 g.) in ethyl 
alcohol (40 c.c.). Sodium ethoxide (0*6 g. of sodium) in ethyl 
alcohol (20 c.c.) was added in one portion and the mixture was 
shaken in running water. After 25 minutes, the solid was collected, 
and only a minute quantity was recovered from the mother-liquor. 
The substance was recrystallised from glacial acetic acid (25 c.c.) and 
from ethyl alcohol (80 c.c.), and the main crop (4*7 g.) had m. p. 
136—138°. For analysis, this material was recrystallised from 
alcohol, glacial acetic acid, 90% alcohol, toluene, and 90% alcohol, 
giving 3*1 g. of the pure substance, m. p. 140—141° (Found: C, 
68*8; H, 4*1. C 20 H u O c requires C, 68*6; H, 4*0%). The colour¬ 
less, hexagonal plates dissolve in cold concentrated sulphuric acid 
to an intense crimson solution tinged with brown. _ 

3:4- and 3': 4:'-Methylenedioxybenzoylbenzoins (I and II).—By 
reducing the time of reaction hydrolysis has been lessened and more 
convenient methods of preparing these isomerides are now submitted. 

A solution of sodium ethoxide (0*6 g. of sodium) in ethyl alcohol 
(20 c.c.) was added to benzoylmandelonitrile (12 g.) and piperonal 
(11 g.) in ethyl alcohol (40 c.c,). The mixture was shaken in 
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running water for 15 minutes and extracted with ether. The solid 
residue was crystallised from glacial acetic acid, giving 2-6 g. of 
material, m. p. 132-5—134-5°, and 1-1 g., m. p. 129—132°. The 
ethereal solution after the usual treatment gave 1-9 g. of crystals, 
m. p. 127—131°. A portion of this product, recrystallised once, 
was identical with authentic 3' : 4'-methylenedioxybenzoylbenzoin, 
m. p. 134-135°. 

From benzoylmethylenedioxymandelonitrile (14-1 g.) and 

benzaldehyde (11 g.) dissolved in alcohol (40 c.c.) there were obtained, 
by addition, in one portion, of a solution of sodium ethoxide (0-6 g. of 
sodium) in alcohol (20 c.c.), 1*1 g. of a product, m. p. 144—147°, and 
146—148° when mixed with 3 :4-methylenedioxybenzoyIbenzoin 
(m. p. 147*5—148*5°). In this experiment, the reaction was allowed 
to continue for 35 minutes. 

When the time of reaction and the quantities of nitrile and aldehyde 
(but not of sodium) were halved, the percentage yield was almost 
doubled. 

This work was carried out at the Universities of St. Andrews and 
Manchester. The author takes this opportunity of thanking Prof. 
B. Bobinson, F.R.S., for his interest in it, and also the Carnegie 
Trustees for the award of a scholarship. 

Wellcome Tropical Research Laboratories, 

Khartoum, Sun ah. [Received, June 1UA, 1925*] 


XLIV .—The Reaction between Hydroxylamine and 
Ferric Chloride . 

By Alec Dtjncan Mitchell. 

Hydroxylaaone is a compound of great interest from several points 
of view. Many years ago Haber showed (Ber. } 1896, 29, 2444) that 
it would oxidise ferrous salts in alkaline solution or suspension, 
and reduce ferric salts in acid solution, and he suggested that its 
structure in the two cases might be represented as H 3 N.‘0 and 
respectively. The existence of such dynamic isomerides 
would account for the above behaviour, which is typical of many 
of the reactions of hydroxylamine, and, with the object of seeking a 
further basis for this hypothesis, the author has carried out several 
inee similar investigations have aSorded such 
cases (Mitchell, J., 1923, 123, 629, 2241). 
i hydroxylamine are all very complicated, and, 
only one, the subject of this communication, has 
It may be stated at once that, possibly because 


kinetic studies, s 
nee in other 
!§|he -reactions c 
present. 
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the acidic solutions involved may exclude one isomeride, the results 
have no bearing on the main problem, but they are of interest in 
other respects. 

A kinetic study of the reactions of hydroxylamine appeared 
desirable in that no such examination has hitherto been made. A 
survey of the literature discloses more than twenty reactions in which 
the ultimate products have been studied, but the mechanism under¬ 
lying their formation has usually been ignored. There are two 
partial exceptions to this statement: (1) Raschig (“Schwefel- und 
Stickstoff-Studien, 5 1 1924) studied the stoicheiometrical ratios obtain¬ 
ing at various stages in the course of certain reactions, but did not 
investigate them kinetically; and (2) Bronsted (Z. physikaL Ohem., 
1922, 102, 187) made a rough colorimetric estimate of the effect of 
a saline solution on the reaction now discussed, and, from the 
apparent absence of appreciable “ salt effect, 1 * concluded that 
reaction takes place between the metallic ion and undissociated 
hydroxylamine molecule to form a “ critical complex. 11 As will 
be seen later, however, the more accurate method used here indicates 
a definite negative salt effect (p. 347). 

There seemed to be two difficulties in the way of the proposed 
investigations : (1) few of the reactions proceed quantitatively in 
one direction, the majority giving varying proportions of by-pro¬ 
ducts, and (2) hydroxylamine reacts more or less readily with most 
of the reagents which might normally be employed in the estimation 
of the second reactant or the products. The second difficulty has 
been obviated in the present instance by analytical methods which 
are described in the experimental portion of this communication. 
The first difficulty has been minimised by choosing reactions, such 
as that under discussion, which appear to give but little by-product. 
In the present case, the reaction is quantitative under the conditions 
laid down by Raschig ( Anncden , 1887,241,190)—considerable excess 
of ferric salt and of sulphuric acid, and at least five minutes 1 boiling. 
These conditions could not, for various reasons, be applied in the 
present research, but it is believed that the necessary departures 
from them involve only slight errors. There is no doubt that the 
difficulties which had to be overcome by Raschig were the slow¬ 
ness of the reaction in its later stages and the possible persistence 
of an intermediate product. The former difficulty is immaterial in 
an investigation such as this, and the latter is only of importance in 
so far as it affects analysis, but the method used is believed to 
eliminate this effect (p. 346). A consideration of the work of Bray 
(X Amer. Ohm. Soc. 9 1919, 41, 1363) in conjunction with that of 
Kurtenacker and Neusser (Z. anorgC Chem., 1923, 131, 27) shows 
that, using only a bare excess of ferric salt, reaction is incomplete 
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simply because it becomes extremely slow, and that, using neutral 
or very feebly acidic solutions, there is slight formation of elementary 
nitrogen, corresponding to 4%, at most, of the hydroxylamine. 
Apart from this, these authors find no evidence of side-reactions, 
and it would therefore appear that the departures from the pre¬ 
scribed conditions do not materially affect the present research. 
The author’s experience confirms the production of traces of nitrogen 


Fig. 1. 
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in the least acidic solutions, and also indicates that, under the con¬ 
ditions which are imposed upon this research—restrictions which 
often necessarily obtain in kinetic studies—traces of higher oxides 
of nitrogen are produced (p. 346). 


Mechanism of the Reaction. 

y ^ The complete reaction under ideal conditions is represented by 

iftffili*. 4BV" + 2NH 3 OH‘ = 4Fe" + 6H* + U a O + 

f|* ; molar concentrations of the first four species will be repre- 
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sented by a, 6/2, /, and 7i respectively. It will be seen that, if the 
suffix 0 represent these at zero-time, and the suffix t at any specified 
time corresponding to the reduction of x moles of ferric iron, then 
a t = a Q — x } b t = b 0 ~ x, f t = / 0 + x , and h t = h Q + 3a?/2. 

A few experiments using ferric chloride and hydroxylamine hydro¬ 
chloride led to no conclusion as to the order of the reaction. The 
initial velocity was enormous, but was damped down so rapidly 
that, unless a reaction of about the tenth order was assumed, one 
had to ascribe repressing effects to one or more of the products of 
reaction. Even when the velocity became of a lower order, a reduc¬ 
tion of, say, 5%, in the concentrations of ferric iron and hydroxyl¬ 
amine caused the velocity to be reduced to one-half or less (see Expt. 1 
as an example). (The reduction of cupric salts by hydroxylamine 
in the presence of acetic acid and sodium acetate is found to be 
similar in this respect.) 

The initial addition of hydrochloric acid produced much slower 
reactions, but the damping was still so marked that a second pro¬ 
duct of reaction was suspected of a repressing effect (see Fig. 1, 
Expt. 4). Initial addition of ferrous salts also produced a great 
depression in velocity whether hydrochloric acid had been added or 
not. (The effects of equi-molar additions of hydrochloric acid or 
ferrous salts were not quite the same.) When both hydrochloric 
acid and ferrous salts were present in fair concentration, the reaction 
was closely termolecular—bimolecular with regard to ferric iron and 
unimolecular with respect to hydroxylamine. The termolecular 
velocity coefficient fell off slightly, but this was provisionally attrib¬ 
uted to the progressive accumulation of ferrous and hydrogen ions, 
as reaction in the presence of a large excess of both was too slow 
for a more rigid test to be practicable. No other type of ordinary 
velocity coefficient gave any approach to constancy.* 

* In this connexion may be mentioned an interesting instance of the 
danger of relying on initial velocities from a few isolated experiments as a 
clue to the order of reaction : in a few runs with initial hydrochloric acid 
and hydroxylamine kept constant, the apparent initial velocity (that based 
on the gross change before the first titration) was roughly proportional to 
the initial concentration of ferric chloride, which was varied, and the erroneous 
deduction was drawn that this was involved to only the first order. The 
explanation is due to the fact that, as will be seen later, the velocity in these 
experiments is inversely proportional to the concentration of ferrous iron, 
so that oc a 2 If i since / increases from zero to in the small interval con¬ 
cerned, its mean concentration is Sa?/2, so that hx oz a a /&c/2 as an approxim¬ 
ation, or (&c) 2 oc a 2 or So; oca—thus accounting for the erroneous conclusion. 
Strictly, one is dealing with an integral summation starting with an infinite 
velocity for an infinitely short time, but actually the velocity is of a measur¬ 
able order almost instantly, so that the approximation involved here is 
sufficiently near the truth to account for the observed facts. 
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The effects of the products of the reaction in repressing it indi¬ 
cated an equilibrium as an intermediate stage in the reaction; and 
it could be only an intermediate stage because the reaction goes to 
completion, forming the basis of Raschig’s method for the estimation 
of hydroxylamine, so that the ultimate products could not reverse 
the reaction. 

Further evidence bearing on the equilibrium was obtained when 
certain experiments, the early stages of which were too rapid for 
detailed measurement at 25°, were carried out at 15*5°. Seven 
experiments, of various types, all gave the temperature coefficient 
of 5-9 for 9*5°, which, by exponential proportion, becomes 6*5 for 10°. 
Just as temperature coefficients of less than unity—or negative 
coefficients as they would be if expressed more rationally—are 
interpreted as evidence of intermediate compounds (Eggert, Z. 
EleUrochem 1921, 27, 455, and Skrabal, ibid., 1915, 21, 461, on the 
Landolt reaction, and Hasche and Patrick, J. Amer . Chem. Soc., 
1925, 47, 1214, on the reaction between nitric oxide and oxygen), 
so this abnormally high temperature coefficient is regarded as 
indicating the existence of an intermediate equilibrium, which is 
displaced, by a rise in temperature, in a direction more favourable 
to reaction, this accelerating effect being superimposed upon the 
normal temperature effect. 

ISFo attempt has been made to correct for incomplete ionisation of 
electrolytes; the corrections which have been made for salt effect 
(p. 349) in certain cases tend to make a rough correction of this 
kind, however, and serve to make experiments more comparable. 

The recognised methods of treating reaction velocities fail where 
the indications are that the initial velocity is infinite or of a very 
high magnitude. It was therefore necessary to obtain expressions, 
even if they were empirical, which would represent the course of 
the reaction, before one could draw any conclusions of a quantitative 
nature, and subsequently a certain amount of theoretical justifica¬ 
tion was found for them. As a tentative expression the following 
was used; 


dx __ j (a — x) 2 (b *— x) 
It ~ 1 (h + 3i/2)(/+a?) 


• ( 1 )* 


It is here necessary for the purposes of discussion to classify 
experiments into four types as follows : 

(I) Those having only ferric chloride and hydroxylamine hydro¬ 
chloride initially. 


(H) Those having additional hydrochloric acid alone initially. 
Those having additional ferrous iron alone initially. 

of all the formulae used here are very cumbersome and their 
aie tedious, so details are omitted. 
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(IV). Those having both additional hydrochloric acid and ferrous 
iron initially. 

Expression (1) gave for all experiments, except those of type (I), 
values for k x which were reasonably constant in any one experiment, 
as is shown for two types by Expts. 5 and 18. The values showed a 
slight tendency to fall as a rule, and, as will be seen in the table, 
varied from one experiment to another in such a way as to suggest 
that the second power of (h + Zx/2) should replace the first power. 
When this amended expression 

da_, (g — s) a (6 — x) 

dt 2 (A + 3a:/2) 2 (/ +x) . {> 

is applied to the experiments the results are as shown in the same 
table. In this table, the values of a, b, /, and h are expressed in 
moles per litre and relate to initial conditions; the values of 1c x 
and Jc 2 as found from the differential determinations of velocity 
(see p. 347) are shown as well as those obtained by integration: 
the latter often obscure marked drifts towards the end of a reaction 
and thus are not so trustworthy in these circumstances as the 
differential values, although they are far less subject to experimental 
error. In experiments of types (I), (II), and (III), where the initial 
velocity is very great, the integrated values are a more trustworthy 
guide as to the course of the early stages of the reaction. Although 
Jc 2 shows a rise throughout every reaction, it is noteworthy that its 
order of magnitude is very consistent throughout the whole range 
of experiments, which cover a wide variety of conditions and are 
usually continued until over 50% of the possible reaction is com¬ 
pleted—this extent is indicated for each experiment in the column 
“ % completed.” As it was highly improbable that this consistency 
was a mere coincidence, a search was made for a theoretical basis 
which would account for the general agreement and possibly afford 
a reason for the anomalies noticed. 

If the hypothetical nitroxyl were produced according to the 
equation 2Ee"“+NH s OH’^=^2Ee**+3H*+HNO (and subsequently 
decomposed to nitrous oxide), this would be expected to play a part 
in the repression of the reaction, and the effect of ferrous and 
hydrogen ions would be more nearly in proportion to the second and 
third powers of their respective concentrations. As a matter of 
fact, the introduction into the formulae of any function of x, giving, 
for example, dx/dt = ka 2 bjhfx or dxjdt = karbjhPfx, renders them 
quite incapable of representing the course of reaction; and the use 
of the second or third powers of / or h respectively is similarly useless. 
The absence from (2) of any term representing an intermediate com¬ 
pound seems to be capable of explanation as follows. 
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One has circumstantial evidence for assuming the formation of 
a complex, thus : 

2Fe ~ + NH 3 OH'^Fe # + 2H* + (Fe,H,NOH)~*; 

denoting the complex by M and its concentration by m, and assum¬ 
ing it to decompose to nitrous oxide according to a unimolecular law, 
we have for the rate of accumulation of M : 

dm/dt = k z a 2 b — Jcjfifm — k 5 m .(3) 

and for the rate of diminution of ferric iron : 

dxjdi — k z a 2 b —- kji 2 fm = dmjdt + k b m . . . (4) 

(If one deals with the very early stages of reaction, it would be 
necessary to allow for the fact that a certain amount of hydrogen 
and ferrous ions is locked up in the complex M, and is therefore 
present as such in a concentration less by an amount m than the 
values (h + 3#/2) and (f+x); the error involved by ignoring this 
is small when h 0 and/ 0 are finite, however, and the equations would 
become extremely complicated.) 

After the very early stages of a reaction, m tends to keep nearly 
constant, owing to a compensating effect of the three reactions 
tending to adjust it; one would then have dmjdt = 0, and dxjdt = 
& 5 ra — Jc 3 a 2 b — kji 2 fm, Solving for m and substituting, one has 

dxjdt ^k z k^bj{k^ 2 S + k h ) . . (5) 

When both h Q and f 0 are zero, dxjdt = k z a 2 b, independently of 
any simplifying assumptions, and, since reaction is so rapid, it is 
certain that k z must be very large. Such a condition only obtains 
in the initial stages, to which expression (5) does not apply, owing 
to the nature of the assumptions made. The term kji 2 f in experi¬ 
ments of types (II) and (III) rapidly becomes of a finite order, and 
in type (IV) is already of a finite order, so that, as soon as kjb 2 f 
becomes markedly greater than & 5 , one arrives at the same expression 
as was obtained empirically, k z k 5 /k 4t being equal to k 2 in (2). The 
expressions (3) and (4) are too complicated for complete solution, 
so that one is unable to find whether they would account for the 
rise in the value of k 2 or for certain other discrepancies to be discussed 
later. 

It is possible that reaction involves the free undissociated basic 
molecule: 2Fe *" + NH a *OH^Fe” + H‘ + (NOH, Fe,H)‘* # . This 
mechanism would lead to an expression such as (1) but the term 
{b — x) would have to be corrected in order to make it correspond 
^| 0 ; : the free base. After the hydrogen-ion concentration reaches a 
which is very early attained in experiments of types (I) and 
whi,ch obtains initially in the other types, this corrected 
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term becomes approximately ( b —- x)k k /(h + dx/2), fa being the 
hydrolytic dissociation constant of hydroxylamine hydrochloride. 
An expression similar to (2) therefore results, and, as this expression 
is not applicable to the early stages, a decision between this possi¬ 
bility and that developed above cannot be made. It is believed, 
however, that the extremely rapid fall in the initial concentration 
of free basic molecules in experiments of types (I) and (III) would 
require an even greater fall in velocity than is actually found, so 
that the foregoing hypothesis is preferred. 

Discussion of Results. 

An apparent anomaly is exhibited by Expts. 15 and 23 in type 
(III), since fa rises at first in these cases but falls as a rule, and in 
this type alone fa appears to be zero initially. The latter fact is 
immaterial in view of the way in which fa is derived on theoretical 
grounds, and it cannot be expected to hold at t = 0. The fact that 
fa exhibited a different behaviour in these experiments from the 
more usual behaviour is connected with the circumstance that 
initial ferrous iron depresses more than initial equi-molar hydrogen 
ions, as is shown by the curves for Expts. 4 and 15 (Fig. 1), Expts. 22 
and 23 being similar. In each case, however, as the curves show, 
the experiment with more ferrous iron overtakes the other as 
hydrogen ions accumulate during the progress of the reaction, and 
then one has the conditions which prevail in type (IV), where hydro-, 
gen ions depress to a greater extent than the equi-molar ferrous ions 
—see Expts, 17 and 18 or 13 and 14. All these peculiarities become 
normal when one considers the way in which (h Q + 3r/2) 2 (/ 0 + x) 
varies differently with increase in x according as h Q or f 0 is zero or 
both finite, and are due ultimately to the fact that the functions of 
hydrogen ions and ferrous ions in repressing the reaction are 
different. 

There still remains the interesting fact that, even after corrections 
have been made for salt effect (p. 349), experiments in which 
ferrous iron is added initially seem to give slightly lower values for 
fa with increasing amounts of ferrous iron. No satisfactory explan¬ 
ation has been found for this behaviour. On the other hand, both 
fa and fa are far more satisfactory in experiments in which there 
is no initial ferrous iron (type II) than in those where there is no 
initial acid (type HI), so that the equations used appear to be more 
satfefactory for relatively rapid increases of ferrous iron than of 
hydrogen ions. 

With the object of gaining further insight into the mechanism 
and of obtaining an estimate of the extent to which hydrogen and 
ferrous ions are diminished owing to the existence of the complex. 
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six experiments were devised so as to correspond with the various 
conditions which might obtain in Expt. 2 after it had reached a 
certain stage. Initially it had a = 0-200, 6/2 = 0*100, and the 
stage chosen was when 0*075 of the ferric iron had been reduced. 
At this stage, which was attained in 29*5 minutes, one would have 
h = 0*075 X 3/2 and / = 0*075 if 3 and 2 atoms of hydrogen and 
iron respectively remained free in solution according to the stoicheio- 
metric equation. The six experiments were chosen with the above 
values of a and b and with concentrations of h and / as shown : 

Expt. h. /. 

20 0*1125 0*0750 corresponding to 3H* and 2Fe'’remaining free. 


24 

0*0750 

0*0750 

99 

ft 

2H* 

„ 2Fe” 

>t 


25 

0*0750 

0*0375 

99 

tt 

2H* 

„ Fe*’ 

it 

9 

26 

0*0375 

0*0375 

99 

t* 

H' 

„ Fe” 

it 


31 

0*1125 

0*0375 

99 

ft 

3H' 

„ Fe” 

it 


32 

0*0375 

0*0750 

99 

tt 

H‘ 

„ 2Fe” 

tt 

91 


As can be seen from the curves * (Fig. 1), the initial velocities are 
slower in the case of Expt. 20, and faster in all the others, than the 
reaction from the corresponding point in Expt. 2, the curve in the 
case of this experiment being plotted with the origin corresponding 
to the stage concerned. This would indicate that in Expt. 2 there 
are fewer hydrogen and ferrous ions opposing reaction than in 
Expt. 20, some being locked up in the complex. On the other hand, 
in Expt. 2 the complex is already at the concentration imposed by 
the stabilising effect of the reactions affecting it, whereas, in the 
earliest stages of the other reactions, it has probably not attained 
such a condition, so that comparisons are not rigid. Passing to the 
general course of the curves, it would appear that the conditions in 
Expt. 2 are such as would be expected from the repressing effect of 
approximately 2*7 moles of hydrogen ion and 1*7 moles of ferrous 
ion, for, considering the various values of i for constant values of x 
(which is the correct criterion), its curve is slightly farther from that 
of Expt. 20 than from a compromise between those of Expts. 24 
and 31 which would approximately represent 2*5 and 1*5 moles 
respectively; as it is also about one-third of the way between those of 
Expts. 20 and 25, it would appear to correspond to 2*67 and 1*67 
moles of hydrogen and ferrous ions respectively; both situations 
suggest that only about one-third of the hydrogen and ferrous ions 
which might possibly be locked up in the complex are actually so, 
or that two-thirds of the total complex formed have already broken 
down to final products. 

, Although the results in the foregoing discussion leave many details 

these curves the extent of reduction (x) is plotted against time (t) 
been reduced in accordance with the correction for salt effect 
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in an unsatisfactory state, there is little doubt that the general 
conclusions are not far from the truth, and it is therefore of interest 
to compare them with certain other workers’ views. 

Raschig’s ideas on the general course of the oxidation of hydr- 
oxylamine are put forward in detail in his “ Stickstoff- und 
Schwefel-Studien,” 1924. They are, briefly, that the first stage 
consists in the slow formation of the radical NH-OH, which unites 

H-N'OH 

with a similar radical to give ^ . After this point a variety 


of possibilities is supposed to arise and the persistence of any one 
type of molecule will depend not only on its inherent stability but 
also on the rapidity with which it may be further oxidised. Thus, 


in the next phase one might have || or ® ^>0 according as 

the dihydroxyhydxazine could be further oxidised before it dehydr¬ 
ated or not, and in the latter case further oxidation would give 


hyponitrous acid 


H>N 
’ HON 


^>0, which would decompose to nitrous 


oxide, if nothing were present to oxidise it more rapidly than it 
could decompose. These views appear to the author to have the 
great advantage that they explain the variety and varying propor¬ 
tions of the end-products. 

The results described herein, however, indicate that the first 
measurable stage involves, in effect, the removal of two hydrogen, 
atoms from each molecule of hydroxylamine, because undoubtedly 
two molecules of ferric salt are implicated, and it is difficult to see 
what (if any) preliminary rapid reaction, save the formation of a 
“critical complex,” could lead to a subsequent measurable ter- 
molecular reaction. The molecule thus appears to be oxidised to 
the stage represented by the hypothetical nitroxyl or nitrous oxide, 
although the latter is only produced as the result of secondary 
changes. These views agree, to a certain extent, with the earlier 
opinion expressed by Rasehig, when dealing with the estimation of 
hydroxylamine by ferric salts, that an intermediate compound 
(possibly nitroxyl) of moderate stability is produced, which delays 
the completion of the reaction for analytical purposes (Z. angew. 
Chem. 3 1904, 17, 1411). 

As will be seen from the experimental portion of this paper, there 
is no foundation for Bronsted’s statement, quoted oh p. 337, that 
the reaction under discussion is not appreciably susceptible to salt 
effect, although the magnitude is not so great as he appeared to 
look for. Actually there is a definite negative salt effect, which 
would, according to Bronsted, indicate reaction between ions of 
opposite polarity ; but it is doubtful whether his hypotheses, which 
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are based on comparatively simple cases, can be extended to such 
complicated reactions as the present. 

The hydroxylamine was always employed as hydrochloride, which 
had been recrystallised and freed from excess acid; both this salt 
and the ferric chloride would give a trace of free hydrochloric acid 
by hydrolysis, so that, in experiments with no added acid, there 
would always be a trace of free acid initially, which would slightly 
affect the earliest velocity coefficients. 

Experimental. 

All the experiments were carried out at 25°, with the exception 
of those necessary to find the temperature coefficient. Time is 
expressed in minutes throughout. The details call for no special 
description except in regard to the analytical method. The course 
of the reaction was followed by the estimation of unchanged ferric 
iron. The process was based on two facts : (1) hydroxylamine has 
no effect on iodine during the short time necessary for titrations 
provided that considerable mineral acid is present—sulphuric acid 
sufficient to be in normal concentration throughout the titration 
was found to fulfil this condition; and (2) ferric iron can be esti¬ 
mated consistently and fairly accurately by titration of iodine 
liberated from potassium iodide, if a trace of cuprous iodide is present 
as recommended by Hahn and Windisch (Ber. } 1923, 56, 598). 
The equilibrium which tends to be set up (Fe**' -f V Fe” +• I) 
is displaced by titration of iodine as fast as it is formed, and the 
presence of the cuprous salt accelerates the reaction (presumably 
by more rapid reduction of ferric salt and continuous re-formation 
of cuprous salt) to such an extent that titrations can be completed 
in the ordinary time instead of lasting for several minutes, as in 
the absence of cuprous salt. Although the method has been 
criticised (Hupp, Apothek . 1924, 39,422), the author’s experience 
is that it is useful and gives results about 1 part in 300 parts high 
(with titres of 40 c.c.), but this error might be reduced if precautions 
Were taken against the aerial oxidation of the solution containing 
hydnodic acid and ferrous salts. 

The starch-iodine coloration returns after a few minutes in the 
titrations made during actual runs, and rather less rapidly in con¬ 
trols with ferric salts in the absence of reaction products. The 
difference is attributed to the presence of traces of nitrous acid. 

As the result of many duplicate runs, it may be stated that 
experiments are reproducible almost invariably within about 0T c.c. 
| ■•'m. titres of usually 30 or 40 c.c. 

K;|| || The behaviour of a complex of the type suggested on p. 342 in 
.is, of course, uncertain; it might react either as 
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ferrous or as ferric iron. The latter possibility is improbable, for 
the apparent rate of initial change would then be far less than the 
actual, and would subsequently tend to increase temporarily as 
the complex broke down; the apparent course of the reaction shows 
such enormous diminution in velocity that it is more likely that 
the complex reacts as a ferrous compound. 

A control was made to ascertain whether hydroxylamine in nearly 
neutral solution exercised any oxidising effect on ferrous iron, such 
as it exerts in alkaline solution. The result was definitely negative. 

The curves obtained by plotting experimental differential veloci¬ 
ties against x change so rapidly that they are not capable of 
“ smoothing. 9 ' The velocities shown in the tables were therefore 
obtained by plotting x against the square-root or fourth-root of 
time, according to circumstances. The fairly flat curve thus 
pbtained was smoothed and the values of Vt or t corresponding 
to a series of values of x were read off, and, from the values thus 
obtained, a further curve was constructed, on the basis of v = $x[8t, 
showing the relation between x or (a — x) and v. Even this method 
leaves considerable uncertainty in the early stages of experiments 
of type I. The integrated velocity coefficients are based on un¬ 
smoothed values. 

Salt Effect .—Experiments similar to No. 4 were made with the 
addition of if/10- and M /5-ammonium sulphate; they gave results 
uniformly slower in the proportion 1*14 and 1*30, respectively. A 
similar experiment comparable with No. 2 gave a slightly greater 
depression. The primary object of this type of experiment was to 
find what correction, if any, should be applied to experiments of 
types III and IV (in which the ferrous salt had been added, for con¬ 
venience, as ferrous ammonium sulphate), in order that they should 
be comparable with one another and with those of other types. 
When a definite effect was found, it was essential to make a few other 
determinations in order to obtain an estimate of that due to ferrous 
sulphate. An experiment parallel with No. 12, but having Jlf/10- 
ammonium sulphate present, in addition to the M /10 already added 
as the double salt, showed a reduction of velocity in the ratio 1*17 
to 1, whereas from the foregoing one would have expected a ratio 
of 1-30 to 1*14, i.e., 1*14 to 1—a result which is as near as can be 
expected from the graphical methods which have to be used in the 
absence of really satisfactory velocity coefficients, and which shows 
that the salt effect is fairly consistent. 

M /15-Aluminium sulphate gave a depression identical with that 
of M /5-ammonium sulphate and, therefore, twice as great as the 
M /10-ammonium sulphate to which it is equivalent; this result is 
characteristic of the ion of higher valency. 



MITCHELL : THE REACTION BETWEEN 


o$ oooooioioooiooioowoooowoioioujicnoia 

C3"g OOlOOJ>!OfOCslU5H HH fr- t> t- ©q OG COOXOCOOqCOXOXQCOCO 


T3 

1 

is 

a 

§ X 


> 


<8 

•p 


a o o o o o o 

•3 <© '-'CO lO(MrH 

■fi <sq o <N 

§ v»vvvv 

5 s o w oo©o 

j2 05 rH 05 00 00 
fg H N rt H H 


oooooowoiomoowioo 

'■HxoeoxocGxoo^.Hi-icoasxootfrs 



J iQOiOOifl CWOWOOIOOOOOIOOO 

T5 -3 ^ o ©q eq ohcooocmcihhosncotNioo 

1 VVVVV§ffi®®oo“VVVVVVVVVVVVVVV 

I MOOOOO hhhhhh O 'T'-'T'O 0>OOHioOO(N»ftOO 
© CO^OOOO CD s ^ ,> *0»Oa5r-<l>'TjHI>t-05050C<« 


8 

| 

& 

<3 


x < 


| 

| 


O O O o « o 
<N O I> 

©q 05 CO q oq 55 

A A A^ooo° 

O OO ^ 
MOO 
Tt( CO O 


I I 


»o ©S *o 'o'E^'cTo o o jo © © o"© 

Ag Ag2® A A A« A A A» A 

OnO OOO'-'OOO'^ o 

o \ / oq o»o ^ oq cq i —h xo 

h Vco oqr-icq ©q cm c© ©q 

XO 


<—>© 

O io 

w ©q 


i § g § §sssssss®$ a-“ s g s§ ss i 1 22 

&£££48aSSaSS£VSs3«A3A38££S8 

^o8oS 2SV 3 S 

V.'q XO XO 00 i—I <M O M < 


(M CO 
CM CO 


uo 

g 


OOOOOOOOOOlflKJliJO 
OOOOOOOOlQiOt'NMQ 
0*000 OO lO U3 M> CO W M l> 
r-iO»—iCq^-Hi—(OOOOOOOO 

66666666066666 


1 

n 

A 


000000000 
, 000000000 

00000000X0 
I rHflMCMOOCMOOCJOOOO 
666666666 


000000X000X0 10 XO 
000000(NWU5NNI> 

oooxoom—(j>r-OrHco 

I HH«OHOHOOOHO 

666666666666 


. 08 S 8 

hnoSqo 5 

6666 


000000 
xo 00 0 o o 

• «©q XO O H JO xo 
“OOrlOOO 
666666 


xo 

©q 

jCO 

"© 

6 


o 00 
.0 „o © 
q oq t ©q 


000 0000 

*©o© .O'dtOO 
£»-t oq rH Hoqocqcq 


00 000 0000 


XO 

*©q „ 


Hwot^xoot-cxooOHNxoMcqw^t-ooasOTHWcoH <m 
. ^ ' HHMHcqHrtHHHHcqwcsicqrtco 


& 

H. 


« 


IS 



HYDGROXYLAMINE AND FERRIC CHLORIDE. 


349 


Zinc ammonium sulphate was chosen as being best suited for 
comparison with the ferrous ammonium sulphate. For Mjo- and 
M/10-solutions it showed depressions in the proportions 1-54 and 
1*31 respectively. As these are consistent with the foregoing results, 
the general trend was adopted as the basis for corrections of all 
experiments of types III and IV, and the factors by which velocities 
are multiplied (or times divided) are : 

for 0*2000 molar ferrous ammonium sulphate 1*54 
0*1000 „ „ „ „ 1*30 

0*0750 . „ „ „ „ 1-22 

0*0500 „ „ „ „ 1*14 

0*0375 „ „ „ „ 1*11 

A comparison of, for example, Expts. 10 and 11 does not indicate 
the relatively large salt effect which might be expected from a five¬ 
fold change in the concentration of the tervalent ferric salt, and, for 
this reason, no attempt has been made to correct for such salt effect. 



Experiment I. 

a = 0-2000, \b = 

0*0500. 





Integra ted. 

_ K _ 

Differential. 

t' 

X. 

v x 10 5 . 

X 10 s . & 2 

X 10 6 . 

k x X 10 5 . I* 2 

X 10«. 

*0*33 

0*0212 

— 

510 

122 

-— 

— . 

*0*83 

0*0274 

900 

489 

151 

468 

193 

*1*50 

0*0316 

500 

450 

162 

385 

180 

*2*17 

0*0348 

370 

437 

180 

378 

198 

*3*67 

0*0390 

260 

402 

1S5 

375 

219 

5 

0*0432 

190 

— 

— 

382 

247 

*9*7 

0*0480 

125 

346 

198 

360 

259 

12 

0*0516 

80 

— 

— 

300 

232 

*20 

0*0556 

55 

313 

210 

275 

230 

21 

0*0570 

50 

— 

— 

277 

237 

30*5 

0*0604 

37 

284 

206 

262 

237 

45 

0*0650 

25 

289 

230 

250 

240 

70 

0*0700 

16 

273 

236 

232 

244 

140 

0-0780 

8 

252 

247 

223 

260 

160 

0*0794 

— 

246 

245 

— 

— 


Experiment 5. a = 

0*2000, ib = 

= 0-0500, h = 0-2000 


*0*52 

0*0042 

—. 

91 

182 

■ — 

.. 

*1*7 

0*0074 

193 

92 

191 

88 

186 

*4-3 

0*0114 

107 

94 

198 

84 

182 

6 

0*0126 

94 

— 

— 

85 . 

184 

*8*6 

0*0146 

77*5 

(82) 

(176) 

86 ■. 

191 

13 

0*0178 

60 


88 

202 

*21 

0*0220 

42*5 

88 

197 

87 . 

203 

23 

0*0228 

40 

— 

■ —. 

88 

205 

*38 

0*0280 

27 

90 

206 

86 

210 

54 

0*0316 

22 


, —■■ 

89 

220 

*59 

0*0326 

20*5 

87 

204 

88 

220 

91 

0*0380 

14*5 

— 

208 

87 

225 

170 

0*0470 

8 

89 

224 

82 

220 

284 

0*0544 

: n 

85 

234 

. 

—- 

410 

0*0596 

84 . 

224 

— 

— 


* Indicates that these values are taken from an experiment at 15-5° and 
the time is corrected for the temperature coefficient. 

IN’ 
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Experiment 18. a ~ 0*2000, £6 = 0*0500, h = 0*1000,/ = 0*0500. 

(Ail values of v, -k v and h z should be multiplied by 1-14, the salt effect factor.) 


5 

0*0048 

82*5 

142 

162 

134 

143 

12 

0*0098 

63*0 

134 

145 

133 

152 

23 

0*0158 

47*0 

134 

152 

134 

165 

39 

0*0222 

32*8 

134 

161 

128 

171 

76 

0*0316 

20*3 

129 

163 

126 

v 185 

110 

0*0374 

14*7 

128 

174 

122 

190 

171 

0*0448 

10*0 

125 

182 

119 

199 

255 

0*0518 

6*8 

123 

189 

116 

207 

320 

0*0557 

5*4 

122 

190 

114 

209 


(The product hf increases four-fold, and h 2 f seven-fold during the run.) 


Summary. 

1. The rate of reaction after the early stages is directly propor¬ 
tional to the concentration of hydroxylamine and to the square of 
that of ferric chloride, and inversely proportional to the concen¬ 
tration of ferrous salt and to the square of the hydrogen-ion 
concentration. 

2. The most probable interpretation is that reaction proceeds by 
way of an intermediate equilibrium involving a complex of the type 
shown: 2Ee~ + NH 3 OH‘ Ee” + 2H # + (NOH,Fe,H) ### 

]ST 2 0, etc. 

3. The abnormal temperature coefficient of 6*5 for a 10° rise 
would thus be partly due to a more favourable displacement of the 
equilibrium. 

4. “ Salt effect ” is negative—reaction velocity is depressed by 
the addition of indifferent salts. 

University of London, 

South Kensington, S.W. [Received, November 1 1th, 1925.] 


XLV .—The Structure of the Normal Monosaccharides . 
Part IF. Glucose . 

By Edmunij Langley Herst, 


In Part I (Hirst and Purves, J., 1923, 123, 1352) the reasons which 
had led to the general adoption of a butylene oxide formula for 
normal aldose derivatives were reviewed, the need of more definite 
chemical evidence was pointed out, and a method for studying the 
problem was outlined which has since furnished strong evidence 
that normal derivatives of xylose (i loc . cit.) t arabinose (Hirst and 
Bobertson, J., 1925, 127, 358), and rhamnose (Hirst and Macbeth, 
are, in fact, amylene-oxidic and not butylene-oxidlc, 
irliilfaKrto been supposed. In the experiments now to be 
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described, the method has been extended to the hexose series. The 
oxidation of tetramethyl glucose, whose structural relatio nshi p to 
the normal methylglucosides and to glucose has been the subject 
of much investigation, has been studied and as a result it appears 
that the amylene oxide formula should be ascribed also to normal 
derivatives of glucose. This is in exact agreement with evidence 
as to the structure of glucose recently obtained by Charlton, 
Haworth, and Peat (this voL, p. 89), whose experiments were based 
on considerations of an entirely different nature. If this structure 
for glucose be accepted, changes in the nomenclature of certain 
derivatives will obviously be necessary analogous to the renaming 
of normal tetramethyl glucose as the 2 : 3 :4:6- instead of the 
2:3:5: 6-derivative of glucose. 

The principal method adopted in the present investigation was 
to oxidise tetramethyl glucose with nitric acid. The reaction be¬ 
tween a normal trimethyl pentose (I) and nitric acid is simple in 
nature, involving only the oxidation to carboxyl of the reducing 
and the potential primary alcoholic groups situated respectively 
at the two ends of the pentose carbon chain. Trimethyl rhamnose 
(II) also reacted simply, the terminal group •CH(OH)*OH 3 , produced 
by the action of the oxidising agent in forming trimethyl rhamnonic 
acid, giving quantitatively carboxyl and carbon dioxide. A 
methylated hexose, however, whether a 1:4- or a 1: 5-oxide, presents 
a very different type of structure and it was to be expected that the 
course of oxidation would be more complicated. If the amylene- 
oxide structure of tetramethyl glucose (III) be assumed, the first 
stage in the reaction would be the production of tetramethyl gluconic 
acid (IV), and its subsequent course would be determined by the 
action of nitric acid on the group •CH(OMe)*CH(OH)*CH a *OMe, with 
the ketone *CH(OMe)*CO*CH 2 -OMe as a probable intermediate pro¬ 
duct. It is well known that ketones of the type R*COR' may be 
oxidised in different ways according to the experimental conditions. 
The main product from 2:3:4; 6-tetramethyl glucose might there¬ 
fore be either d-dimethoxysuccmic acid (V) or inactive xylotri- 
methoxyglutaric acid (VI), according as the break occurred between 
the 4th and 5th or between the 5th and 6th carbon atoms. It is 
evident that by a similar series of steps, shown in the accompanying 
scheme, butylene-oxidic tetramethyl glucose (VET) might also give 
dimethoxysuccinic acid, and it follows that the isolation of this acid 
alone would not enable precise conclusions to be drawn concerning 
the structure of tetramethyl glucose. The detection of xylotri- 
methoxyglutaric acid, on the other hand, would definitely indicate 
the presence of an amylene-oxidic linking. It was therefore necessary 
to establish experimental conditions such that the nature of the 

' n 2 . 
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various oxidation products would lead definitely to the allocation of 
a structural formula. 

This was ultimately accomplished by oxidising tetramethyl 
glucose for a short time with nitric acid of density 1-420. The 
reaction proceeded smoothly, was easy to control, and led to very 
little loss of material by side reactions. In this respect the reagent 
was much more satisfactory than the acid (d 1*2) which had previ¬ 
ously been most frequently employed in the sugar group. With the 
latter, even at comparatively low temperatures, the more prolonged 
action necessary to effect the requisite oxidation invariably yielded 
considerable quantities of oxalic acid by a profound decomposition 
of the molecule. The product isolated in good yield was a mixture 
containing both d-dimethoxysuccinic acid and xylotrimethoxyglu- 
taric acid, which were separated from each other by taking advan¬ 
tage of the different rates of formation of their very characteristic 
crystalline diamides. Dimethoxysuccinamide (Purdie and Irvine, 
J., 1901, 79, 960) and xylotrimethoxyglutaramide (Hirst and Purves, 
he. cit.) were thus obtained in a pure condition and their identity 
was placed beyond doubt by comparison with authentic specimens. 
It has already been indicated (Hirst and Macbeth, loc. cit.) that 
there appears to be no reason for suspecting any wandering of the 
methyl groups during oxidation, and it follows, therefore, from 
what has been said above, that normal tetramethyl glucose must be 
the 2 : 3 :4 : 6-derivative possessing the amylene oxide formula (III), 
the possibility of a propylene or ethylene-oxide structure being 
entirely excluded by the nature of the products isolated. 

The interest attached to this reaction and the desirability of 
accumulating as much evidence as possible concerning the. oxidation 
of a fully methylated hexose led to a further study of the action of 
nitric acid and of alkaline potassium permanganate on tetramethyl 
glucose. The reaction appears to take an entirely different course 
from that of 2:3:6-trimethyl glucose when oxidised under pre¬ 
cisely similar conditions (Irvine and Hirst, J., 1922, 121, 1222). 


The latter gave with nitric acid (d 1-2) at 60° a dibasic acid (dimethyl- 
saccharic acid), whereas tetramethyl glucose gives mainly tetra- 
methylgluconic acid with a small quantity of dimethoxysucpinic acid, 
apparently without going through the intermediate stage of tri- 
methylsaccharic aeid. This difference is interesting, especially as 
butylene-oxidic trimethyl arabinose with a terminal group similar 


; to that present in tetramethyl glucose can be oxidised to dimethoxy- 
;; glutaric acid (Baker and Haworth, J., 1925, 127, 365). A sufficient 
jffi' number of examples has not, however, been examined to justify 
|i^^yiews as to whether this behaviour is the exception or the rule. 

treatment of tetramethyl glucose with nitric acid (d 1*2) 
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at higher temperatures produces a complex mixture containing much 
oxalic acid and little or no trimethoxyglutaric acid, the chief con¬ 
stituent being dimethoxysuccinic acid. Oxidation with alkaline 
potassium permanganate gave oxalic acid and dimethoxysuccinic 
acid. 


Summarising the evidence obtained from these experiments, it 
appears that the oxidation of amylene-oxidic tetramethyl glucose 
with nitric acid leads first to 2 : 3 : 4 : 6-tetramethylgluconic acid. 
Further oxidation splits the carbon chain either between the 4th 
and 5th or between the 5th and 6th carbon atoms to give dimethoxy¬ 
succinic acid or xylotrimethoxy-glutaric acid, and the relative 
proportions in which the two changes take place vary with the 
experimental conditions, the latter change being favoured by 
oxidation with stronger acid for a shorter time. 
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Experimental. 

Stability of Dimethoxysuccinic Acid in Presence of Nitric Add *— 
Dimethoxysuccinic acid was heated in nitric acid (d X-42)'for several 
hours at 100°, No oxidation and no change in the initial specific 
rotation, [a] D +69-5° (c = 1-375), were observed. Previous 
experiments have demonstrated the stability of trimethoxyglutaric 
acid. 

Oxidation of Tetramethyl Glucose with Nitric Acid (d 1*42).—-When 
a solution of tetramethyl glucose (5 g. of carefully recrystallised 
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material conforming to the accepted standards) in nitric acid (40 c.c.; 
d 1*42) was kept at room temperature, oxidation began after 5 
minutes; thereafter the reaction was controlled by gradual heating 
in such a way that evolution of oxides of nitrogen never became rapid. 
After hour, the temperature was raised to 90° and kept at this 
point for 2 hours; the evolution of gas had then almost ceased. 
Water (2 vols.) was added, and the excess of nitric acid removed by 
careful distillation at 40°/9 mm., with the addition of water in the 
usual manner. The dry oxidation product was a glass soluble with 
difficulty in methyl alcohol. It contained no oxalic acid. After 
esterification by boiling with methyl alcohol (50 c.c.) containing 4% 
of hydrogen chloride, the product was distilled under diminished 
pressure (for details of the method used, see previous papers). The 
main fraction (2*65 g.) was a colourless oil, b. p. 135—140°/10 mm, 
(bath at 150—155°), wjf 1-4375. The first and last fractions (0*4 
and 0*8 g., respectively) showed n*jf 1*4345 and 1*4416. 

Examination, of the Oxidation Product .—The main fraction was 
soluble in water and all the usual organic solvents. [a] D = + 31*5° 
in methyl alcohol (c = 2*085) and + 33° in aqueous ethyl alcohol 
(c = 0*8), and the characteristic change in rotation shown by 
lactones was not observed. The absence of lactonic substances 
was further shown by the compound titrating as an ester. The 
physical and chemical properties agreed most closely with those 
required for a mixture of 60% of methyl d-dimethoxysuccinate and 
40% of methyl xylotrimethoxyglutarate (Found : C, 47*0; H, 7*05; 
OMe, 58*9; 0*106 g. required 9*0 c.c. of AT/lO-alkali for hydrolysis. 
Calc, for the above mixture: C, 47*2; H, 7*0; OMe, 60*9%; 
9*5 c.c. The b. p., rotation, and refractive index are also in accord 
with this view. [Methyl d-dimethoxysuccinate has b. p. 135°/12 
mm., riyf 1*4340, [a] D + 81° in methyl alcohol (c == 6*26) (com¬ 
pare Purdie and Barbour, J., 1901, 79, 971), and methyl xylotri¬ 
methoxyglutarate has b. p. 132 0 /12 mm., »jf 1*4402, and is optically 
inactive.] 

Complete confirmation of these views was obtained by the form¬ 
ation in good yield of crystalline dimethoxysuccinamide and 
xylotrimethoxyglutaramide by the action of ammonia on the mixed 
esters. A solution of 1*0 g. in 8 c.c. of methyl alcohol saturated with 
dry ammonia began, after a few hours, to deposit crystals in charac- 
teristic, opaque, white tufts. These were collected at the end of 
3 days, and after being washed with alcohol and ether and dried at 
105° wore found to be pure dimethoxysuccinamide (yield 0*36 g»). 

; The substance was insoluble in cold organic solvents, but slightly 
in which the value [«] D + 95° (c = 0*80) was 
It sublimed in long needles on being heated in a vacuum 
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(compare Purdie and Irvine, loc. cit .), showed no definite m. p., 
but when heated fairly quickly showed the following sequence of 
changes: darkened at about 245°, melted partly with decomposi¬ 
tion at 269°, and was completely decomposed at 276° (Found: 
OMe, 34*3. Calc., OMe, 35*2%). Its properties were in exact 
agreement with those of an authentic specimen of the amide pre¬ 
pared from methyl dJ-dimethoxysuccinate. 

The mother-liquor of the dimethoxysuccinamide was kept for a 
further 4 days. Colour changes took place similar to those observed 
during the formation of xylotrimethoxyglutaramide (loc. cit.)> and 
7 days from the beginning of the experiment another crop of crystals 
began to be deposited as flat, transparent prisms, resembling xylotri¬ 
methoxyglutaramide in crystalline form. After 12 days, 0*25 g.was 
collected. This material showed a moderate solubility in water and 
could be recrystallised from an alcohol-ether mixture. It was 
optically inactive (tested in 2% solution in water). It melted in 
air to give a dark blue liquid, m. p. 194—195°, and at 194—195° 
when mixed with an authentic specimen of the glutaramide pre¬ 
pared from xylose (Found: C, 43-5; H, 7*4; OMe, 41*1. Calc.: 
C, 43*6; H, 7*3; OMe, 42*3%). 

Further quantities of dimethoxysuccinamide were obtained by 
treating with ammonia in methyl alcohol the first and the last 
fraction. ISTo oxamide could be detected. 

Oxidation with Nitric Acid (d 1*2) at 75°.—A solution of 5*5 g. 
of tetramethyl glucose in 85 c.c. of nitric acid (d 1*2) was heated 
at 75° for 12 hours until the reaction appeared to be complete. 
The oxidation products (isolated as before after esterification) were 
(a) methyl oxalate (1 g.), (b) a clear yellow syrup (3*5 g.), b. p. 138— 
149°/9 mm. (bath at 150—156°), nf 1*4415, [«]„ + 54° in alcohol 
( c = 1*348), [a] D -f 53° in aqueous alcohol (c = 0*50), decreasing 
to + 43°. This material on treatment with ammonia in methyl 
alcohol gave a small quantity of oxamide and much cZ-dimeth- 
oxysuccinamide. No xylotrimethoxyglutario acid could be detected. 
The oxidation products under these conditions form a complex 
mixture, but consist principally of oxalic acid and dimethoxy- 
succinic acid. The high refractive index, the drop in rotation shown 
by the solution in aqueous alcohol, and the titration figures are in 
agreement with the view that some tetramethylgluconolactone was 
present in the main fraction (Found 0,46*5; H, 6*6; OMe, 54*7%; 
0*178 g. required 14*2 c.c. of A'/lO-alkali for hydrolysis, partly as 
lactone, partly as ester). The analysis of the corresponding lead 
salt is in accord with these views (Found : Pb, 50*0; OMe, 18*6%). 

Oxidation with Nitric Acid (d 1*2) at 60°.—A solution of 7 g. of 
tetramethyl glucose in 50 c.c. of nitric acid (d 1*2) was heated at 
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85° until oxidation commenced, the temperature being then lowered 
to 60° and the reaction allowed to continue for 4f hours. The 
product was treated in the way already described and was finally 
distilled. After a first fraction of 0*85 g., the greater part (4*0 g.) 
of the material was collected at 142—143°/9 mm. It could not be 
separated into its components by fractional distillation. The distil¬ 
late was a neutral, clear syrup which developed acidity in contact 
with water; n] 1*4526, [a] D + 108° in benzene (c = 1*176). In 
water the initial value, [a] D + 80° (c — 1*792), dropped rapidly to 
64° after 28 minutes, 54*5° after 83 minutes, 45° after 158 minutes, 
and 39° after 280 minutes; the final value was 35°. This behaviour 
is characteristic of 8-lactones. Titration with alkali showed that 
the substance was partly iactonic and partly esteric in character. 
0*1502 G. required (a) 5*0 c.c. of A 7 /10-alkali as lactone, (b) 3*0 c.c. 
of IV/lO-alkali as ester (Found: C, 50*1; H, 7*5; OMe, 53-5%). 
0*8 G. dissolved in 6 c.c. of methyl alcohol saturated with ammonia 
gave crystals of dimethoxysuccinamide (0*05 g.) in a few hours. 
These observations proved that the methyl ester of trimethoxy- 
saccharolactone, if present at all, must have been there in very 
minute quantity, and the material under examination appeared to 
consist of 80% of tetramethylgluconolactone and 20% of methyl 
dimethoxysuccinate. This mixture requires C, 50*3; H, 7*5; 
OMe, 54*5% and 0-150 g. would require (a) 5*1 c.c. of N /10-alkali 
as lactone, (6) 2*9 c.c. of A^/10-alkali as ester, whilst the b. p. and 
the initial and final values of [a] D are in agreement with those 
expected. 

(For the properties of dimethoxysuccinic acid derivatives, see 
Purdie and Irvine, loc. cit .; for those of tetramethylgluconolactone, 
see Pryde, J., 1924, 125, 520; Charlton, Haworth, and Peat, loc . 
cit.) 

Oxidation with Potassium Permanganate .—Tetramethyl glucose 
(5 g.) was dissolved in water (100 c.c.) rendered just alkaline with 
potassium hydroxide, and to the solution, heated at 75°, was added 
gradually potassium permanganate (25 g.) dissolved in hot water. 
The colour of the permanganate solution disappeared quickly at first, 
but very slowly towards the end. After filtering and passing carbon 
dioxide through the filtrate to remove free alkali, the solution was 
evaporated to small bulk at 50°/12 mm. The greater portion of 
the potassium was removed by means of perchloric acid and after 
elimination of the remaining water the product (partly free acid and 
partly potassium salt) was esterified with acid methyl alcohol. On 
isolating and distilling the ester, 0*6 g. was obtained as a first frac- 
tiqa*, This was almost entirely methyl oxalate (the identity of which 
by transforming it into oxamide). The main fraction 
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(2 g.) showed b. p. 130;—135°/9 mm. (bath at 145°), 7v$f 1*4342, 
[a] D + 43° (c = 1*68) in methyl alcohol [Found : OMe, 55*5; 
COgMe (by titration), 64%]. When it was treated with ammonia 
in methyl alcohol, oxamide was first formed followed by much 
dimethoxysuccinamide (50% by weight of the ester used; properties 
as above). It was evident, therefore, that the products were essen¬ 
tially oxalic acid and dimethoxysuccinic acid, the amount of fcri- 
methoxyglutaric acid being negligible. 

The author wishes to record his thanks to Mr. J. M. Smith, M.Se., 
of Armstrong College, for valuable assistance in preparing certain 
of the compounds required in this investigation. 

The University, St. Andrews. 

The University op Durham, Armstrong College, 

Newcastle-upon-Tyne. [ Received , December 12th, 1925.] 
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XLVI.—3 : 4- and 2: 5-Dimethoxyphenylhydrazine . 

By William Henry Perkin, jun., and Leon Rttrenstein. 

In a paper published a short time since (Blaikie and Perkin, J., 
1924, 125, 296; compare Kermack, Perkin, and Robinson, J., 
1922, 121,1872), the synthesis was described of several derivatives 
of indole containing one methoxyl group in the benzene nucleus. 

The present investigation was planned as a continuation of that 
research and it was hoped that it might be found possible to 
synthesise dimethoxy-derivatives of indole and to convert these 
into carbolines and indolediazines related to harmine and harmaline. 
We also desired to prepare and study more particularly such 
dimethoxy-derivatives of indole and tetrahydrocarbazole as 
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and to compare their reactions with those of brucine with the object 
of obtaining further evidence bearing on the question of the positions 
of the methoxy-groups in that alkaloid (compare Lions, PeTkin, and 
Robinson, J., 1925, 127, 1159). Unfortunately, the preparation of 
phenylhydrazines of the type (MeO) 2 C 6 H 3 *ISnG[*NB^ required for 
these experiments, from the corresponding anilines, proved to be a 
matter of unusual difficulty, and it is probably for this reason, and 

N* 
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because they are so unstable when they have been obtained, that 
there is no mention of these important substances in the literature. 
These hydrazines, and especially the 2 :5-dimethoxy-derivative, 
do not yield, satisfactory condensation products with ketones such 
as cyclohexanone or a-ketoglutaric acid and moreover thg conver¬ 
sion of these hydrazones into the corresponding derivatives i$f indole 
or tetrahydrocarbazole by means of the usual acid reagents, alcoholic 
hydrochloric or sulphuric acid, glacial acetic acid, etc., is accom¬ 
panied by the formation of so much tar that the preparation of 
these derivatives in any quantity was found to be impossible. 
Other methods must therefore be sought for the synthesis tif these 
substances, and the present communication is confined to a brief 
description of the dimethoxyphenylhydrazines which have been 
prepared and of some indole and tetrahydrocarbazole derivatives 
which we have succeeded in obtaining in small quantities. 

When 3 :4-dimethoxyaniline hydrochloride (Fargher, J., 1920, 
117 , 869) dissolved in acetic acid is treated with methyl nitrite, it 
yields brown needled of 3 :4 -dimethoxybenzenediazonium chloride , 
and this is converted by ammonium sulphite and ammonia into red 
crystals of ammonium 3 : k-dimethoxydiazobenzenesvlphonate. This 
salt is readily reduced by zinc dust to ammonium 3: 4:-dimethoxy- 
phe nylhydrazinosulpho n ale , the nearly colourless needles of which 
rapidly decompose on exposure and yield 3 : 4,-dimethoxyphenyl- 
hydrazine (m. p. 81°) on treatment with sodium acetate. This very 
unstable substance combines with cyclohexanone, and the syrupy 
hydrazone gives with alcoholic hydrochloric acid a small yield of 
6 : l-dimethoxy-l : 2 : 3 : 4- tetrahydrocarbazole (III; m. p. 98°). 

In a second series of experiments, 3 : 4-dimethoxyphenylhydrazine 
was condensed with ethyl pyruvate, and the syrupy hydrazone 
gave, with alcoholic hydrochloric acid, so small a yield of 5: 6-di- 
m ethoxy indole-2-carboxylic ester (m. p. 172°; compare I) that the 
substance could not be further investigated. We next prepared 
2 : 5-dimethoxyphenylkydrazine hydrochloride from 2 : 5- dim ethoxy- 
aniline hydrochloride (Muhlhausen, Annalen, 1881, 207 , 254) by a 
process similar to that just described in the case of the 3 : 4-deriv¬ 
ative, and, on treatment with sodium acetate, this yielded 2 : 5-di- 
methoxyphenylhydrazine (m. p. 85°). Both the hydrochloride and 
the free base are, however, so unstable and condense with 
ketones with such difficulty that the investigation could not be 
continued. 


Included in this communication is a brief account of 2-carboxy- 
l r me^xyirid6le-Z‘Ckcetic acid (IV) and 2-carboxy-5-methoxyindole - 
?;' add (V) obtained respectively by condensing o-methoxy- 

axid. p-metboxyphenylhydrazine with a-ketoglutaric 
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acid and treating the products with alcoholic hydrochloric or 
sulphuric acid. 
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On testing the various methoxy-derivatives described in this 
communication for the brucine reaction—the orange to red color¬ 
ation produced on adding a drop of nitric acid to the solution of a 
trace of brucine in glacial acetic acid—it was found that the mono- 
methoxyindole derivatives give only a yellow coloration. On the 
other hand, 6: 7-dimethoxytetrahydrocarbazole (III)-gives an 
immediate pink coloration which becomes deep red on warming 
and, in the case of 5 : 6-dimethoxyindole-2-carboxylic ester, the 
yellow colour produced at first becomes wine-red on warming. 
The behaviour of these substances seems to support the view of 
Lions, Perkin, and Robinson (loc. cit ., p. 1161) that brucine contains 
the two methoxyl groups in the o -position to each other. 

Experimental 

3 : 4 -Dimethoxyphenylhydrazine , (MeO) 2 C 6 H 3 *NH“NH 2 .—Finely 
powdered 3 :4-dimethoxyaniline hydrochloride (20 g.; compare 
Fargher, loc . cit.) is added to glacial acetic acid (90 c.c.), and dried 
methyl nitrite passed into the well-stirred mixture, the temperature 
being maintained between 10° and 15°. The deep brown solution 
is poured into dry ether (500 c.c.), and the 3 : 4-dimethoxybenzene- 
diazonium chloride thus precipitated in brown needles is imme¬ 
diately dissolved in ice-water and the solution added drop by drop 
and at 0° to a well-stirred, saturated ammonium sulphite solution 
(60 c.c.) containing ammonia (45 c.c.; d 0*880). The deep red 
product is kept for a few hours, and the red crystals (14 g.) of 
ammonium 3:4- dimethoxydiazobenzenesul'phonate are collected 
(Found: N, 15*7; S, 12*0. OgH^^S requires N, 16-0; S> 
12*1%). This substance is mixed with glacial acetic acid (10 c.c.), 
and zinc dust (3-7 g.) gradually added, the temperature being kept 
between 45° and 50°. The pale brown mixture is diluted with 
water, the zinc precipitated as sulphide and removed by filtration 
in an atmosphere of hydrogen sulphide to prevent oxidation. The 
yellow solution is concentrated by distillation under reduced pres¬ 
sure ; ammonium 3 : k-dimetlwxyphenylhydrazinomlfhoncde (9*5 g.) 
then separates in greyish-white crystals with a metallic lustre 
(Found: N, 15 7; S, 12*0. C 8 H 15 0 5 N s S requires N, 15*6; S, 
12 * 1 %). ■ . 

This salt (12 g.) is boiled under reflux with alcoholic hydrochloric 

sr*2 
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acid (30 c.c.of 15%) for \ hour. The mixture of 3:4-dimethoxyphenyl- 
hydrazine hydrochloride and ammonium chloride which separates 
from the deep red solution is collected, extracted with boiling alcohol, 
and filtered off; the filtrate deposits the hydrazine hydrochloride 
(4*5 g.) in grey prisms which, after recrystallisation from alcohol, 
melt at 162° (decomp.) (Found: N, 13*7. C 8 H 13 0 2 N 2 C1 requires 
N, 13*7%). 3 :4 -Dimethoxyphenylhydrazine hydrochloride has a 

strong odour of the phenylhydrazine and must be rapidly dried 
on porous porcelain over sulphuric acid, since it readily decomposes 
in contact with air, becoming a dark mass. It gradually loses 
hydrogen chloride under reduced pressure and the crystals dissolve 
in water or alcohol to solutions which rapidly become red. 

3 : 4-Dimethoxyphenylhydrazine separates, on the addition of 
sodium acetate to the aqueous solution of the hydrochloride, in 
colourless needles, m. p. 81°, which rapidly decompose in contact 
with air. 

6 : l-Dimethoxytetrahydrocarbazole (III).—3 : 4-DimethoxyphenyI- 
hydrazine hydrochloride (2*5 g.) is added to alcohol (15 c.c.) con¬ 
taining cyclohexanone (1*2 g.) and sodium acetate (1*4 g.). The 
mixture is boiled under reflux during 2 hours and poured into 
water; the hydrazone then separates as a syrup which does not 
solidify on standing or cooling. This syrup is washed with water, 
boiled with alcoholic hydrochloric acid (12 c.c. of 20%) for a few 
minutes, and the dark solution poured into water; the 6:7 -di- 
methoxytetrahydrocarbazole that separates crystallises from dilute 
alcohol in pale yellow; prisms, m. p. 98° (Found : C, 72*5; H, 7*6; 
N, 6-3. C 14 H 17 0 2 N requires G, 72*7; H, 7*4; 1ST, 6-1%). 

Ethyl 5 : 6-Dimeihoxyindole-2-carboxylate (compare I).—3 : 4-Di- 
methoxyphenylhydrazine hydrochloride (2*5 g.) was added to a 
solution of ethyl pyruvate (1*2 g.) and finely powdered sodium 
acetate (1*3 g.) in alcohol (25 c.c.). After boiling for 2 hours, the 
red solution was diluted with water; the oily hydrazone that separated 
did not solidify on cooling. It was washed with water and boiled 
for a few minutes with alcoholic hydrochloric acid (10 c.c. of 20%); 
on adding water, ethyl 5 : 6-dim ethoxy indoh-2-carboxylate separated 
in a very crude condition. This was ultimately obtained pure, 
crystallising from alcohol in yellow prisms, m. p. 172° (Found: 
C, 62*5; H, 6*0; N, 5*7. C^H^O^ST requires C, 62-7; H, 6*0; 
N, 5*7%), but the amount available did not allow of the preparation 
of the acid in a pure state. 

, 2 : 5 -Dimethoxyphenylhydrazine. —The diazotisation of 2 : 5-di- 
methoxyaniline in dilute aqueous hydrochloric acid was not feasible 
lldi^pg to the effervescence which accompanies the reaction even at 
Finely divided 2 : 5- dimethoxyaniline hydro- 



3:4- and 2 ; S-demeteonyphenylhydrazine. 361 

chloride (20 g.; compare Miilhausen, loc. tit.) is added to glacial 
acetic acid, and dry methyl nitrite passed into the well-stirred 
mixture at 10°. The deep brown solution is gradually poured into 
dry alcohol-free ether with stirring; 2 : 5-dimethoxybenzenediazon- 
ium chloride is then precipitated in small, yellow needles and is 
very unstable. The ether is decanted, the crystals are rapidly 
washed with ether and dissolved in ice-cold water (60 c.c.), and the 
solution is added drop by drop to a well-cooled saturated solution 
of ammonium sulphite (60 c.c.) containing ammonia (40 c.c.; d 
0-880). After remaining for a few hours, the deep red mixture 
is filtered, when ammonium 2 : 5-dimethoxydiazobenzenesul'phonate 
remains as brick-red crystals. This substance may be crystallised 
from a little water, in which it is rather readily soluble (Pound: 
N, 15-7; S, 12*1. C 8 H 13 0 5 N 3 S requires N, 16*0; S, 12-1%). This 
sulphonate (26 g.) was mixed with glacial acetic acid (23 c.c.) and 
water (7 c.c.), and zinc dust (7-5 g.) added at 40—50°, a little at a 
time. The solution, which gradually became lighter in colour, 
was kept at 50° for an hour, diluted with water, the zinc removed 
as sulphide in an atmosphere of hydrogen sulphide, and the filtrate 
concentrated under reduced pressure; the ammonium 2 :5-dt- 
methoxy'phenylhydrazinosuIphonate (19 g.) that separated as a grey, 
crystalline solid was recrystallised from hot alcohol (Found : N, 
15-6; S, 12-1. C 8 H 15 0 5 N 3 S requires N, 15-6; S, 12-1%). 

When this sulphonate (25 g.) w r as boiled under reflux with alco¬ 
holic hydrochloric acid (60 c.c. of 15%), a precipitate consisting 
of 2: 5-dimethoxyphenylhydrazine hydrochloride and ammonium 
chloride separated from the deep purple solution. After a few 
minutes, the hydrolysis was complete, more alcohol was then 
added and some animal charcoal, the boiling liquid filtered and 
concentrated; the hydrazine hydrochloride was then obtained in 
colourless crystals (9-5 g.) which darken above 250° (Found: C, 
48-2; H, 6-0; N, 13*8. C 8 H 13 0 2 N 2 C1 requires 0, 48-0; H, 5-9; 
N, 13*7%). This hydrochloride is very soluble in water and 
moderately soluble in alcohol and rapidly decomposes oh exposure 
to air* 2 : 5-Dimet.hoxyphenylhydrazine separated in needles on the 
addition of sodium acetate to the aqueous solution of the hydro¬ 
chloride ; after drying on porous porcelain over sulphuric acid, it 
melted at 84°. 

2-Carboxy-l-methoxyindole-Z-acetic Acid (IV).—a-Ketoglutaric acid 
(25 g.; compare Blaise and Gault, Cornet, rend., 1908, 147, 199) 
was dissolved in water (200 c.c.) containing sodium acetate (12 g.) 
and glacial acetic acid (10 c.c.), and o-methoxyphenylhydrazine 
hydrochloride (25 g.; Blaikie and Perkin, J., 1924, 125, 315) in 
water (100 c.c.) then added. After the turbid solution had been 
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kept for a few hours, the yellow methoxyphenylhydrazone of 
a-ketoglutaric acid (35 g.) was collected. It separated from benzene 
in yellow prisms, m. p. 168° (decomp.}. 

This hydrazone (15 g.) was boiled under reflux with alcoholic 
hydrochloric acid (25 c.c. of 15%) for i hour. The hot, very dark 
coloured solution was filtered from the ammonium chloride, and the 
filtrate kept for several hours, crystallisation being assisted by 
occasional scratching. The crystals were collected, washed with 
small quantities of alcohol, and recrystallised three times from 
alcohol, from which ethyl 2-carbethoxy-7-methoxyindole-3-acetate 
separated in grey needles, m. p. 106°, b. p. 245—255°/H nnn. 
with slight decomposition (Found: C, 63d; H, 6*0; N, 4*8. 
Ci 6 H 19 0 5 N requires C, 62-9; H, 6*2; N, 4*6%). This ester was 
boiled with 10% aqueous sodium hydroxide for 2 hours and the 
filtered solution acidified; the 2-carboxy-7-methoxyindole-'&-acetic 
add that separated crystallised from alcohol in brown needles, 
m. p. 253° (decomp.) (Found by titration : equiv., 251. Calc, for 
a dibasic acid C 12 H n 0 5 N : equiv., 249). 

2-Carboxy-5-?nethoxyindole-3-acetic Add (V).—p-Methoxyphenyl- 
hydrazine (Blaikie and Perkin, loo . cit. ; 9*6 g.), dissolved in water 
(20 c.c.) containing potassium acetate (6 g.), was boiled under 
reflux for 2 hours with a solution of a-ketoglutaric acid (8 g.) in a 
mixture of alcohol (30 c.c.) and water (5 c.c.). The product was 
filtered off and the alcohol evaporated; the p -methoxyphenylhydr- 
azone of a-ketoglutaric add then remained as an oil which did 
not solidify on cooling and rubbing. The oil was boiled under 
reflux with alcoholic sulphuric acid (25 c.c. of 20%), mixed with 
water and ether, the tar which had separated removed by filtration, 
and the ethereal solution washed with water, dried, and evaporated. 
Since the syrupy ester did not crystallise, it was boiled under 
reflux with sodium hydroxide (10%) for an hour, cooled, and 
acidified; a gum then separated which gradually hardened and 
after repeated recrystallisation from alcohol, 2-carboxy-b-meihoxy- 
indole-3-aeetic mid was obtained in pale yellow needles, m. p. 265° 
(Found: IT, 5*9; equiv. by titration, 250, C 12 H u 0 5 N requires 
N, 5*7% ; equiv., 249). 

The Dyson Perrins Laboratory, 

Oxford. 


[ Received , December 15 th , 1925.] 
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XLVII.— The System Ferrous Oxide—Phosphoric Acid- 
Water and Some of its Oxidation Products . 

By Sydney Raymond Carter and Norman Holt 
Hartshorne. 

In addition to the promised work (J., 1923, 123, 2223) on the 
ferrous phosphates, this paper describes a study of the oxidation 
of some of the ferrous-phase complexes, which has thrown fresh 
light on the composition of the neutral ferric phosphates. 

The following ferrous phosphates are described in the literature : 
Fe 3 (P0 4 ) 2 ,8H 2 0, or 3Fe0,P 2 0 6 ,8H 2 0, occurs in nature as vivianite 
and has been prepared by Becquerel (Ann, GJiim. Phys ., 1833, 54, 
149), Debray (ibid., 1861, 61, 437), Horsford (Sitzungsber. Akad . 
Wiss. Wien , 1873, 67, 466), and Evans (, Pharm. J 1897, 4, 141). 
Fe 3 (P0 4 ) 2 ,6H 2 0, or 3Fe0,P 2 0 5 ,6H20, has been obtained by Gautier 
(Cornet, rend., 1893, 116, 1491). Two acid phosphates are de¬ 
scribed, viz., FeHP0 4 ,H 2 0, or 2Fe0,P 2 0 5 ,3H 2 0, by Debray (loc. 
cit.), and Fe(H 2 P0 4 ) 2 ,2H 2 0, or Fe0,P 2 0 5 ,4H 2 0, by Erlenmeyer 
(Annalen, 1878, 194, 176). Kunz-Krause (Ber. Deut. pharm. Ges ., 
1923, 33, 20) describes a substance, containing ferrous and ferric 
iron and phosphoric acid, which is found in certain arable soils. 
This he assumes to be a basic ferrous ferric phosphate. 

Experimental. 

As in the case of the ferric phosphates (loc. cit.), the system 
was studied at 70°. The equilibrium mixtures were prepared by 
dissolving excess of Swedish iron wire (99*75% Fe) in solutions of 
phosphoric acid, obtained from the same source as that used in 
the ferric phosphate investigation. This operation, the subsequent 
stirring to attain equilibrium, and the collection of the liquid and 
solid phases were performed in an atmosphere of carbon dioxide 
in an apparatus (Fig. 1) in which the rubber stoppers were coated 
with paraffin wax or collodion and the connexions were made 
with thick-walled pressure tubing carefully wired on. The iron 
wire, in lengths of about \ inch, was placed in the flask A, and 
the air in the apparatus was then displaced by passing carbon 
dioxide, admitted through the tube B, for about 2 hours, care 
being taken to clear all “ pockets ” such as stirrer bearings. The 
carbon dioxide was obtained from ordinary commercial cylinders 
and in some cases was sufficiently pure to be used directly, but in 
others the gas was passed through chromous chloride solution to 
remove the small quantity of oxygen present, then through sodium 
bicarbonate solution to rempve hydrochloric acid, and finally 
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through strong sulphuric acid. (One sample of chromous chloride 
solution of about 250—300 c.c. was required for a series of experi¬ 
ments lasting several months and during this time no alteration 
in the characteristic blue colour of the solution was observed. 
We attribute this to the fact that the solution was kept in contact 
with amalgamated zinc, which appears effectively to regenerate 
the chromous chloride after it has been oxidised, hydrochloric acid, 
presumably, being formed.) 

Phosphoric acid solution of the required strength, freshly boiled 
and still hot, was run into the flask through the tap-funnel C. 
The mixture was then stirred with the mercury-sealed stirrer, D, 


Fig. X. 



until sufficient solid phase had formed, the flask being meanwhile 
maintained at approximately 70° by means of the water-bath, E, 
and undue evaporation of water prevented by the condenser, F. 
The stirrer was then stopped and its bearing sealed by the rubber 
stopper, H, to withstand pressure. By closing the clip, G, and 
admitting more carbon dioxide to the flask, a portion of the mixture 
was forced up the tube J and into the solubility tube, K, which 
was one of a series of four, the remainder (not shown) being con¬ 
nected, in a manner similar to K, to an extension of the tube L. 
By suitable adjustment of screw clips (e.g., M) the mixture could 


be admitted to one or other of these solubility tubes, the displaced 
'bon dioxide escaping through the mercury seals, N, etc. The 
^were; suppprted in the thermostat, 0, fitted with a glass 
ivand maintained at 70° 4= 0*1° by an ordinary gas-regulator. 
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A suitable quantity of mixture having been transferred to K, 
the composition of the remainder in A was altered by the addition 
of a few c.c. of either water or syrupy acid and the next solubility 
tube was filled, and so on. Four mixtures of slightly different 
compositions were thus obtained from one sample of iron. The 
object in not dissolving the iron directly in the solubility tubes 
was to avoid the excessive frothing which occurred when this was 
attempted. The flask A was of such a shape and size that the 
froth could not rise : further the method ensured that the mixtures 
were free from undissolved iron which might have interfered with 
the collection of phase samples and would probably have rendered 
the attainment of equilibrium slow and uncertain. 

The mixtures were stirred for at least a week, usually longer, 
and from the regularity of the results it is inferred that equilibrium 
had then been attained. In deciding the time allowed for stirring 
we had to be guided by our experience of the ferric system, since 
it would have been impracticable, on account of the risk of oxidation, 
to open the solubility tubes for the purpose of withdrawing samples 
for trial analyses. During the stirring the pressure of the carbon 
dioxide in the apparatus was maintained slightly above atmospheric 
in order to minimise the effect of leaks (great care, however, was 
taken to exclude these) and diffusion through the rubber con¬ 
nexions, and to counterbalance any reduction in pressure due to 
cooling caused by a fall in level of the thermostat water. 

The apparatus for collecting the phase samples was essentially 
the same as that used in collecting the moist solid phase in the 
ferric system (loc. cit .), with the addition of arrangements for 
maintaining an atmosphere of carbon dioxide in and around the 
filter. The figure shows it connected to the solubility tube by 
means of the collecting tube P, which normally was closed with a 
piece of glass rod. Before this connexion was made, the collecting 
apparatus was cleared of air by a current of carbon dioxide 
admitted at Q, and the jacket, R, containing the weighing-bottle, 
S, was also cleared, by gas entering through the tube, T, the coiled 
portion of which, immersed in the thermostat, served to heat the 
gas and thus prevent cooling of the jacket. Connexion was then 
made as quickly as possible, the final arrangement being shown in 
the figure. By suitable adjustment of the gas pressure in different 
parts of the apparatus the mixture of liquid and solid phases was 
then blown over into the weighed filter, U (any overflow being 
caught in the trap, V), and was filtered. The liquid phase was 
caught in the weighing-bottle, S. During filtration an atmosphere 
of carbon dioxide was maintained in R by means of T, entry of air 
being minimised by the loose-fitting cork cover, W. 
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The liquid and moist solid phases were analysed by the methods 
used in the ferric system. In calculating the percentage of ferrous 
oxide, it was assumed that the whole of the iron was present in 
this state, although actually it was always found that the mixtures 
were oxidised to some extent, usually less than 1%. This point is 
discussed in the following section. 

Analyses of the solid phases in the dry state were also made. 
The drying was accomplished in some cases by washing with dry 
ether alone, in an atmosphere of carbon dioxide. The apparatus 
used consisted of a filter flask in the neck of which a wide straight 
adapter and a tube for admitting carbon dioxide were supported 
by means of a rubber stopper. The side tube of the flask carried 
a mercury bubbler. A filter was made up in the adapter by means 
of two porcelain filter plates with a layer of asbestos between them, 
and the neck of the adapter was fitted with a rubber stopper carry¬ 
ing a tube for admitting carbon dioxide, a dropping-funnel, and a 
capillary tube which could be closed by a screw clip fitted to a 
rubber extension. The air was removed from the filter flask by 
means of carbon dioxide and with a steady stream of this passing 
through the filter, the moist solid was rapidly transferred to the 
adapter, the stopper carrying the dropping-funnel, etc., being 
removed as long as was necessary to accomplish this. The air 
was then quickly blown out of the adapter by carbon dioxide, the 
capillary tube serving as outlet. This was then closed and by 
increasing the pressure of the carbon dioxide as much liquid as 
possible was expressed from the moist solid. By alternately 
releasing and raising the pressure by operating the clip on the 
capillary tube, ether could be admitted from the dropping-funnel 
and forced through the solid. 

In cases where ether could not readily be made to pass through 
the solid the following procedure was adopted. The solid was 
shaken for a few moments in a large weighing-bottle with water, 
containing two or three drops of concentrated hydrochloric acid 
(to remove any crust of ferric salt), which was then decanted and 
the process repeated with two or three washings of water, alcohol, 
and dry ether, respectively. The solid was finally dried in a stream 
of carbon dioxide. 

Results. 

The results are in Table I and are plotted by the triangular 
method in Fig. 2. Analyses of the dry solids are in Table II. In 
fcthe second column of Table I figures are given for the percentage 
present in the ferric state in some of the mixtures. This 
■ ';>^^^etexmined by rapidly dissolving the contents of the over- 
% ¥ {Fig. I) in water acidified with hydrochloric acid and 
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Table I. 


Moist solid 

Liquid phase. phase. 


Mix¬ 

oxid¬ 


o/ 

/o 

% 

% 

% 

ture. 

ation. 


FeO. 

p 2 o 6 . 

FeO. 

P,0 5 . 

1 

1*2 

1*08 

2*76 

7*38 

_ 

_ * 

2 

— 

1*16 

4*38 

12*06 

34*9 

35*51 

3 

— 

1*22 

5*53 

14*46 

10 *5 

17*84 - 

4 

1*6 

1*20 

5*48 

14*96 

35*9 

36*0 

5 

5-1 

1*24 

5*54 

15*1 

17*9 

24*1 , 

6 

_ 

1*31 

7*71 

21*6 

— 

- *\ 

7 

0*84 

1*39 

9*18 

25*65 

— 

~ I 

8 

— 

1*43 

9*88 

28*25 

— 

- 1 

9 

— 

1*53 

10*99 

32*78 

— 

~ [ 

10 

— 

1*60 

11*25 

37*20 

19*8 

38*07 

11 

— 

1*60 

11*29 

37*21 

21*3 

39*13 J 

12 

_ 

■_ 

9*12 

24*29 

24*3 

32* 17s 

13 

_ 

1*42 

10*1 

27*20 

21*9 

32*47 

14 

_ 

1*44 

10*6 

29*05 

23*6 

34*01 

15 

0*87 

1*45 

10*6 

29*46 

23*2 

33*39 

16 

0*62 

1*54 

11*3 

32*87 

20*7 

34*61 

17 

0*92 

1*55 

11*5 

33*99 

26*3 

37*81 

18 

— 

— 

11*8 

35*43 

13*8 

35*81 

19 

2*75 

1*60 

11*9 

36*99 

— 

— J 

20 

0*7 

1*58 

10*5 

38-S6 

17*8: 

44*63> 

21 

— 

1*60 

8*77 

41*52 

18*8 

46*84 

22 

— 

— 

7*38 

42*88 

— 

— 

23 

— 

1*61 

6*29 

46*61 

16*2 

48*10 

24 

— 

1*63 

4*87 

50*49 

12*7 

50*38 

25 

— 

1*63 

4*01 

52*02 

18*2 

50*52 

26 

4—6 

1*71 

3*15 

57*51 

15*2 

S3* 12 J 


Solid phase. 


2Fe0,P 2 0 6 ,5H 2 0. 


2Fe0,P 2 0 6 ,3H 2 0. Wen- 
formed crystals, aver¬ 
age length 0*1 mm. 


2Fe0,P a 0 5 ,3H 2 0. Amor¬ 
phous particles, aver¬ 
age length 0*014 mm. 


FeO,P 2 0 5 ,4H 2 0. 


Table II. 

Analysis of Dry Solid Phases. 



Found. 

_A_ 


Theoretical 

composition. 

Mixture. 

Specially prepared ( 

% FeO. 

, 38*0 

%p 2 o 5 , 

37*8\ 

38*0/ 

Formula assigned. 
2FeO,P 2 0 5 ,5H*0 

% FeO. 

38*3 

%p 2 o 5 . 

37*8 

9 

41*6 

41*7\ 

40*7/ 

2Fe0,P 2 0 6 ,3H a 0 

42*4 

41-8 

22 

24*8 

49*5\ 

49*7/ 

Fe0,P 2 0 5 ,4H 2 0 

25*2 

49*65 


titrating a portion of the solution with potassium dichromate 
directly and then titrating another equal portion, after reduction 
by stannous chloride. The method gave only a very approximate 
value, since the first stages of oxidation are probably confined to 
the liquid . phase (in the four-component system FeO-Fe 2 0 3 - 
P 2 0 5 -H 2 0 the ferrous salts must have some region of existence 
as solid phases in the presence of ferric iron) and the samples taken 
consisted of both solid and liquid phases in varying relative amounts. 
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Moreover, an appreciable degree of oxidation probably occurred 
before the first titration could be completed. The figures were 
useful, however, as a rough test of the inertness of the atmosphere 
maintained over the m i xtures during stirring. The high values 
given by mixtures 5 and 26 were due to the use of carbon dioxide 
which was subsequently found to contain 1% of oxygen. As 
already stated, the oxidation was neglected when the ferrous oxide 


Fig. 2. 



percentages were being calculated, since any attempt to determine 
the oxidation in liquid and moist solid phases separately, and make 
the necessary allowances, would have increased the already great 
difficulties in collecting the phase samples, besides being fraught 
with uncertainty as to whether the results would really represent 
before the solubility tubes were opened*. As jiisti- 
rr procedure we may point to the regularity with 
of the solubility points lie on smooth curves and to 
afforded by the conjugation lines for the composition 
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* * 

of the solid phases, this evidence being confirmed by analysis of 
the dry solids. 

The third column in Table I gives the densities of the liquid 
phases. The values were obtained by comparing the weights of 
the samples with their volumes at room temperature, estimated 
to 0*25 c.c. by the graduations on the side of the weighing-bottle 
S (Fig. 1). Since the average volume of a sample was near 20 c.c., 
the figures are accurate to about 1 part in 80. 

With regard to the solid phases, within the range of acid con¬ 
centrations studied, no neutral salt such as vivianite exists. It 
probably has a small range of existence in the region below the 
point corresponding to 7*38% P 2 0 5 of mixture 1, but we have 
found it impossible to study this region on account of the increased 
susceptibility to oxidation which occurs as the acid concentration 
diminishes. Starting with the dilute-acid region, the first solid 
phase found, 2Fe0,P 2 0 5 ,5H 2 0, or FeHP0 4 ,2H 2 0, has, as far as 
we are aware, not been described before. Its composition is con¬ 
firmed by the analysis of the dry solid (Table II) and its crystalline 
form is shown in the photomicrograph reproduced in Fig. 3. We 
are indebted to Dr. Leonard Hawkes, Head of the Geology Depart¬ 
ment at Bedford College, for the following crytallographic analysis 
under the microscope. Biaxial; positive; axial angle 2V y = 
ca. 60—70°; dispersion of optical axis p > v (?); optical axial plane 
parallel to the length axis of the prism. Examination was rendered 
difficult on account of the elongated habit and consequent tendency 
to settle on the slide in one position only. 

The next solid phase, 2Fe0,P 2 0 5 ,3H 2 0 or FeHP0 4 ,H 2 0, was 
described by Debray (be. eit.) 9 but doubt was subsequently cast 
on this author’s work by Erlenmeyer (loc. cit.). We, however, 
have confirmed its existence both by the graphical method and 
by analysis of the dry solid (Table II). The figures are not so 
satisfactory as the analyses of the other dry solids owing to the 
very small amount of material available, but they are sufficiently 
conclusive. We have obtained it in two distinct forms which have 
slightly different solubility curves. This is shown clearly in Fig. 2, 
where this portion of the isotherm is drawn separately on an en¬ 
larged scale. The form showing the greater solubility is very 
finely divided and the particles are almost destitute of crystalline 
form while showing a characteristic elongated shape. A specimen 
of those in equilibrium with mixture 16 is shown in Fig. 4. The 
average length of the particles in this photomicrograph, which 
may be taken as representative of the whole series, is estimated 
to be 0*014 m m . Evidence for the composition of this solid is 
based solely on the conjugation lines, since all efforts to dry the 
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solid failed, no doubt on account of its extremely fine state of 
division. 

The form showing the lower solubility is definitely crystalline. 
The type of the crystals in equilibrium with mixtures 9, 10, and 11 
is shown in Kg. 5. The crystals are plates having, usually, six 
sides. The average diameter of those in the figure, measured in 
the direction of greatest length, is about 0*1 mm. Evidence for 
the composition of this form is based chiefly on the analysis of the 
dried solid in equilibrium with mixture 9 (Table 13), the evidence 
of the conjugation lines from mixtures 10 and 11, which apparently 
lie at an invariant point, being inconclusive. 

Mixtures 6, 7, and 8 gave a crystalline solid phase which was 
quite unlike any of the others in appearance. Unfortunately in 
no case was there sufficient material for analysis. The crystals 
are shown in Kg. 6. From the position of the liquid-phase points 
on the diagram (Fig. 2) we have concluded that it is another habit 
of the crystalline compound 2Fe0,P 2 0 5 ,3H 2 Q and accordingly 
have included the analytical figures in that section of Table I. 
The average length of the crystals (Fig. 6) was about 0-1 mm. 

It appeared at first that the deposition of one form or the other 
was fortuitous. Subsequent perusal of the experimental notes 
showed, however, that in those cases where a suitable mixture 
one having convenient proportions of solid and liquid phases) was 
obtained at once in the reaction flask A (Kg. I) and was transferred 
immediately to the solubility tubes, the more soluble form was 
obtained, whereas if further additions of iron or phosphoric acid, 
solution were necessary, or if during the dissolution of the iron 
the temperature was raised or lowered (as was sometimes done to 
break up cakes of solid formed over-night in the reaction flask, or 
for other practical reasons), then the less soluble crystalline form 
resulted. Qualitative observations have shown that the salt has a 
very small temperature coefficient of solubility; moreover, its 
solubility is not greatly altered by varying the concentration of 
acid (see Fig, 2). If we assume that the molecules aggregate 
much more rapidly than they subsequently arrange themselves 
to form crystals, it is clear that the form first deposited will be 
an irregular aggregate, i.e., an amorphous or quasi-amorphous 
solid. Moreover, since the solubility is scarcely affected by tem¬ 
perature and concentration, the aggregates may remain undis¬ 
turbed for a long period unless these conditions are altered con¬ 
siderably. The aggregated form has more free energy than the 
J^dgretaUine variety and will be metastable and more soluble. The 
that the difference in solubility is connected in any way with 
.in.particle size' (given above) may be ■dismissed,'. 
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since the particles were probably too large for - this factor to be 
operative (compare Hulett, Z. physihaL Chem ., 1901, 37, 385, who 
found differences in the solubility of particles of diameter 0*002 mm. 
and less) and in any case the mixtures were stirred sufficiently 
long (8, 10, and 33 days) for the larger particles to grow at the 
expense of any small enough to give an abnormal solubility. 

The solid phase in the mixtures richest in acid was the com¬ 
pound Fe0,P 2 0 5 ,4H 2 0 or Fe(H 2 P0 4 ) 2 ,2H 2 0, described by Erlen- 
meyer {loc. cit .). Its composition is amply confirmed both by the 
conjugation lines (Fig. 2) and by analysis of the solid in equilibrium 
with mixture 22 (Table II). Typical crystals are shown in Figs. 7 
and 8. It has a positive temperature coefficient and crystallises 
spontaneously within 24 hours from appropriate liquid phases 
which are allowed to cool to room temperature. 

The colour of the liquid phases throughout the isotherm was the 
pale green characteristic of the ferrous ion. The solids were also 
pale green. The formation of complexes, which takes place in the 
ferric system, does not therefore appear to occur here. 

Oxidation of the Mixtures . 

It has already been stated that the mixtures poor in acid were 
particularly susceptible to oxidation. This showed itself in the 
formation of reddish-brown crystals which were deposited to a 
greater or less extent after the mixtures had been stirred for some 
days, and appeared to exist in stable contact with the ferrous 
phosphate already present. In mixture 1, the solid phase con¬ 
sisted almost entirely of these crystals and therefore it was obviously 
useless for the purpose of the ferrous isotherm to analyse the moist 
solid. It was, however, of interest to find out the composition of 
the crystals and it was fortunately found possible to separate them 
from admixed ferrous phosphate by the brief action of dilute 
hydrochloric acid. This was discovered by watching the behaviour 
of the mixture under the microscope, when, on adding a drop of 
hydrochloric acid, the ferrous phosphate dissolved almost immedi¬ 
ately while the brown crystals appeared to be unaltered. The 
solid was therefore washed, by shaking with dilute hydrochloric 
acid for" some minutes, transferred to a filter, and washed under 
pressure successively with a little more dilute acid, water, alcohol, 
and dry ethe^ A little of the solid, immediately dissolved in 
hydrochloric acid, gave only a very faint response to the test for 
ferrous iron. It was therefore not a ferroso-ferric phosphate. It 
gave a strong ferric reaction. Analysis of the remainder gave 
Fe 2 O s , 42*2; P 2 0 5 , 37*7. Fe 2 0 3 ,P 2 0 5 ,4H 2 Q requires Fe^, 42*8 ; 

P 2 0 5 , 38*0%, and Fe 2 0 3 ,P 2 0 5 ,4*25H 2 0 requires Fe 2 O s , 42*3; 
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P 2 0 5 , 37*5%. The result thus agrees very closely with the latter 
formula, but we consider that, failing further evidence, it is better 
to regard it as incompletely dried Fe 2 0 3 ,P 2 0 5 ,4H 2 0. 

The naturally occurring strengite has this composition, and 
Erlenmeyer (be. cit.) claims to have prepared a neutral phosphate 
of this composition; his analytical figures, however, are not very 
conclusive, as we pointed out in our earlier paper. Crystals of our 
compound are shown, as dark, rectangular prisms, side by side 
with ferrous phosphate in Figs. 3 and 6. 

Since in the ferric system we had not observed a solid which 
resembled these brownish-red crystals in appearance, it seemed 
evident that they were only stable in the presence of ferrous iron 
and that if oxidation were completed, the solid would change. 
To test this point, a mixture was prepared in the region of existence 
of 2Fe0,P 2 0 5 ,5H 2 0 and was stirred at 70° in a solubility tube, the 
bearing of which was not sealed by mercury. From time to time 
the solid phase was examined microscopically, and the liquid 
tested for ferrous iron. Water was added as required to make 
up for loss due to evaporation through the stirrer bearing. The 
brown ferric salt was present from the first, and after 8 days con¬ 
stituted the whole of the solid phase, all the greenish-white, ferrous 
phosphate having disappeared. The liquid phase, however, still 
showed a strong ferrous - reaction. After a further 8 or 9 days 
the brown colour of the solid had given place to a pale pink shade, 
resembling that of the ferric phosphates encountered in our previou§ 
work. Under the microscope, the solid was seen to be very much 
broken but definitely crystalline, many of the crystals having a 
characteristic kite-like shape. These are shown in Fig. 9, where 
a well-formed specimen will be seen in the middle of the picture. 
At this stage the liquid phase still showed a fairly strong ferrous 
reaction. Stirring was continued for another week without any 
change occurring in the appearance of the solid, but the liquid 
phase now gave a very weak ferrous reaction. The mixture was 
then left unstirred for another fortnight; it was then completely 
oxidised. It was stirred for a few hours to ensure equilibrium 
and the liquid and the solid (dry) were analysed. The liquid 
contained a trace of Fe 2 0 3 and 7*09% of P 2 0 5 . The solubility 
curve of the ferric phosphates (be. cit., p. 2230) shows that the 
quantity of Fe 2 0 3 corresponding to 7*09% P 2 0 5 is measurable, 
being about 0*1%. This slight difference in solubiuty may, how¬ 
ever, be attributed to the solid in that case having been amorphous, 
whereas here it was crystalline, and therefore we conclude that the 
compound was concerned in both cases. The reason for 
%pjSpiog'the crystalline form by oxidation of a ferrous mixture 



Fig. 5.—2Fe0 3 P 2 0 5 .3H 2 0 (crystalline). Fig. 6.— 2Fe0,P 2 0 5 ,3H 2 0 (crj-stalline) and 

X 57. jS-Fe 2 0 3 ,P 2 0 5 ,4H 2 0 (short dark prisms). X 50. 
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probably lies in the gradual decrease in solubility which occurs 
during the process or in other factors inherent in it, which affect 
the velocity of crystallisation as opposed to aggregation and are 
evidently absent or suppressed when ferric oxide is treated with 
dilute phosphoric acid. 

Analysis of the solid phase gave Fe 2 0 3 , 42*25; P 2 0 5 , 37*5, 37*6%, 
which, within the probable limits of experimental error, is the 
same as the composition found for the brown crystals. There are 
thus two neutral ferric phosphates having the composition 
Ee 2 0 3 ,P 2 0 5 ,4H 2 0 in the four-component system Fe 2 0 3 -Fe0- 
P 2 0 5 -H 2 0 at 70°. We will call the pink the a-form and the brown 
the (3-form. Under the conditions studied, the a-form is stable 
in the absence,, or in low concentrations, of ferrous iron, whilst the 
(3-form exists in the presence of medium to quite high concentrations : 
indeed, judging from the readiness with which it crystallises from 
ferrous mixtures, in spite of all efforts to maintain an inert atmo¬ 
sphere, it may be inferred that in this region the range of existence 
of solutions in equilibrium with a ferrous salt only is very limited. 

The difference between the a- and the (3-salt may be explained 
in a similar way to that applied in the case of the neutral ferric 
phosphates at 25° (Zee. cit.). As we mentioned there, the work of 
Weinland and Ensgraber showed that the pink ferric phosphates 
were probably, complex ferri-phosphates. Thus we may suppose 
that the pink a-form has the constitution [Fe(P0 4 ) 2 ]Fe,4H 2 0, while 
the brown (3-salt is a true ferric phosphate, FeP0 4 ,2H 2 0. Support 
for the latter supposition is given by the colour changes which 
ferrous phosphate solutions undergo on oxidation: the original 
green colour changes to brown and finally to pink. The inter¬ 
mediate brown colour may well be due to the ferric ion, and it is 
the (3-form which can exist at this stage. 

It is now seen that we were in error in our earlier work in attribut¬ 
ing five molecules of water to the solid phase in equilibrium with 
the weakly acid solution at 70°. That such a hydrate does exist 
appears to have been confirmed by Weinland and Ensgraber, and 
in our own work at 25° there seems to be little doubt that it was 
present. At 70°, however, the a-salt with four molecules of water 
is stable, at least in the region in which the above oxidation 
experiment terminated. 

Summary. , . . 

1. The system Fe0-P 2 0 6 -H 2 0 has been studied at 70°, be¬ 
tween the concentrations 7*38 and 57*51% P 2 0 5 . Within this 
range the stable solid phases are the acid salts 2Fe0,P 2 0 5 ,5H 2 0, 
SEeO^Og^HaO, and Fe0,P 2 0 6 ,413^0, the first of which has, as 
far as is known, not been described before. 
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2. By the oxidation of phases poor in acid, two neutral ferric 
phosphates, both having the composition Fe 2 O 3 ,P 2 05 , 4 H 2 O, are 
deposited. The brown (3-form exists in'contact with liquid phases 
having high to medium concentrations of ferrous iron; at lower 
concentrations, the pink a-form becomes stable. 

The authors wish to express their indebtedness to Dr. J. F. 
Spencer for much helpful advice and to Mr. A. Watson for carrying 
out many of the analyses. 

The University, Edgbaston, Bedford College, 

Birmingham. . University of London. 

[Received, December 16th, 1925.] 


XLVIIL —Condensations involving Reactive Methyl 
Groups in Heterocyclic Bases . 

By James Ernest Humphries. 

The reactions described below, viz., the condensation of quinaldine, 
p-toluquinaldine, and a-picoline and of their quaternary salts with 
Michler’s hydrol and a nitrosoamine, are further examples of the 
reactivity of methyl and methylene groups towards the groups 
IC.’O and *NIO. Fosse (Ann. Chim. PJiys 1906, 8, 18) found that, 
in presence of acetic acid as condensing agent, Michler’s hydrol 
(4:4 / -tetramethyldiaminobenzhydrol) reacted with the methylene 
group of such compounds as acetoacetic ester, acetylacetone, etc. 
Quinaldine and a-pieoline condense readily with the hydrol under 
the same conditions, yielding the compounds 

C 9 H 8 N*CE 2 *CH(0 6 H 4 , NMe 2 ) 2 and C 5 H 4 N*CH 2 -CH(C 6 H 4 *NMe 2 ) 2 . 
The condensations can also be effected by zinc chloride. The 
methiodides of the heterocyclic bases react more readily than the 
bases themselves and under conditions in which the latter are not 
affected, viz., in alcoholic solution. The condensation products are 
similar to the Zewco-compounds of the triphenylmethane dyes and 
are readily oxidised by lead peroxide and acetic acid to red dyes. 

The quaternary salts do not react with benzenediazonium sulph¬ 
ate, but condense readily with p-nitrophenylnitrosoamine, in cold 
alcoholic solution. The resulting compounds were phenylhvdr- 
azones, e.g., C 9 H 6 N{MeI)*CH!ISr*NH*C 6 H 4 *3S[0 2 . This reaction differs 
from that of Adams (Chem. Zentr 1923, 94, I, 1591), who added 
simultaneously solutions of potassium hydroxide and diazotised 
aniline to an aqueous solution of quinaldine methiodide and obtained - 
the azo-compound, 

The bases themselves and their hydrochlorides do not react with 
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the nitrosoamine, so that in both reactions the reactivity o£ the 
a-methyl group is enhanced by converting the tertiary base into 
a quaternary compound. 

Experimental. 

Condensations with Michler's Hydrol ,—(1) Quinaldine. A solu¬ 
tion of equimolecular quantities of the hydrol and quinaldine in 
glacial acetic acid was warmed on a water-bath until the intense 
blue colour changed to deep red (1 hour). Ammonium hydroxide 
then precipitated a dark green oil which, isolated by means of 
ether, was obtained in pale-yellow needles, m. p. 131° (Found: 
N, 10-7. C 27 H 2 9 N 3 requires N, 10*6%). 

The condensation product (1 mol.) was dissolved in hydrochloric 
acid (3 mols.) and enough water to make a 2% solution; acetic 
acid (2 mols.) was added and the whole cooled to 0°; Then, with 
rapid stirring, freshly prepared lead peroxide (1 mol.) was quickly 
added. The solution became intensely red. The lead was removed 
as sulphate, and the oxidation product obtained by addition of 
sodium hydroxide and extraction with chloroform. A red, amorph¬ 
ous powder was precipitated from the dried chloroform extract 
on adding ether. The oxalate was analysed (Found; N, 8*0. 
C 30 H 32 O 6 ]Sr 3 requires N, 7*95%). 

The oxidation product dyes silk violet. Its salts are red, but 
the pseudo-base, C 9 H 6 N*CH!C(C 6 H 4 *NMe 2 ) 2 , is brown. 

(2) p-Toluquinaldine. The condensation product (m. p. 152°) 
was similar to that formed from quinaldine (Found: N, 10*1. 
C 28 H 31 N 3 requires N, 10*3%). 

(3) a -Picoline. The condensation was carried out as in (1) and 
pale yellow crystals, m. p, 187°, were obtained (Found: N, 12*1. 

requires N, 12*2%). 

(4) p -ToluquinMine methiodide . The condensation, which also 
proceeds in glacial acetic acid, was effected by boiling an alcoholic 
solution of the reactants for a few minutes. On concentrating the 
solution, copper-red needles, m. p. 160° (decomp.), were obtained 
(Found : I, 23*2; N, 7*6. CggH^Ngl requires I, 23*05 ; N, 7*6%), 

The corresponding methochloride, obtained by condensing 
p-toluquinaldine methochloride and the hydrol, was oxidised as 
in (1), but the deep-red, amorphous dye which was formed could 
not be obtained pure. 

Condensations with p- N itrophenylniirosoamine. —When equal 
molecular quantities of benzenediazonium sulphate and p-tolu- 
quinaldine methiodide were mixed in alcoholic solution at the 
ordinary temperature, the solution turned red and golden-yellow 
plates, m. p. 133°, of the periodide of p-toluquinaldine methiodide 
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immediately began to separate (Found: N, 2*55; I, 69*1. 
Ci 2 Hi 4 NI 3 requires N, 2*5; I, 68*9%). This was readily reduced 
to the methiodide by sulphur dioxide or stannous chloride, and was 
also formed by warming the methiodide and iodine in glacial acetic 
acid. 

Uo condensation took place when the methiodide was replaced 
by the methonitrate of p-toluquinaldine. 

(!) p -Toluquinaldine methiodide. The nitrosoamine was pre¬ 
pared by Schraube and Schmidt's method (Ber., 1894, 27, 514). 
Equimoleeular quantities of the nitrosoamine and the methiodide, 
each in alcoholic solution, were mixed at 0°. The crystalline pre¬ 
cipitate w r as recrystallised from methyl alcohol, reddish-brown 
needles, m. p. 244°, being thus obtained (Found : N, 12*3; I, 28*6. 
CigH^OgNil requires N, 12*5; I, 28*35%). 

That the new compound was the p -nitrophenylhydmzone of 
2-formyl- 6 -methylquinoline was proved in the following way. 

Toluquinaldine methiodide was condensed with p-nitrosodi- 
methylaniline (Kaufmann and Vallette, Ber., 1912, 45, 1738), 
yielding the SchifPs base, C 10 H 10 N(Mel)• CH• C 6 H 4 *JSTMe 2 , in green 
needles, m. p. 207 (decomp.). This was hydrolysed by boiling with 
dilute hydrochloric acid, and p-nitrophenylhydrazine added. The 
hydrazone so found was identical with the product of the nitroso¬ 
amine condensation. 

(2) Quinaldine methiodide . The product formed red needles, 
m. p. 250° (Found : I, 29*4. C 17 H 15 0 2 N 4 I requires I, 29*3%). 

(3) Quinaldine ethiodide gave red needles, m. p. 262° (Found: 

I, 28*5. requires I, 28*3%). 

(4) z-Pi coline methiodide gave yellow needles, m. p. 260° (Found : 
I, 33*4. C 13 H 13 0 2 N 4 I requires I, 33*1%). 

In the last three cases the identity of the product was confirmed 
as in the case of (1). 

The author wishes to thank Dr. W. H. Mills, F.R.S., for his 
valued advice. 

University of Aberdeen. [ Received , December 1 5 th , 1925.] 


XLIX .—The Relative Directive Powers of Groups of the 
Forms RO and RR'N in Aromatic Substitution. Part I. 
By Jambs Allan and Robert Robinson. 


The nitration of veratrole in cold acetic acid solution proceeds 
t : smoothly and 4-nitroveratrole is obtained in almost 
yield. Careful search reveals no trace of 3-nitro- 
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veratrole or of 4:5-dinitroveratrole in the product. An ether 
of guaiacol, other than veratrole, will naturally yield two nitro- 
derivatives in relative amounts which depend on the ratio of the 
directive powers of the groups RO and MeO. 

... ro/N ro/N ro/Nno, , B , 

(A) MeOl^NO,, MeO^ MeOl^^J () 

Since the meta-directing influence of the alkyloxy-group is zero, 
we may assume that Directive Power of OR /Directive Power of 
OMe = % of (A) formed in the reaction/% of (B) formed in the 
reaction. In order to obtain numbers which can be compared, 
the directive power of MeO is taken to be 100. In every case 
nitration was carried out in cold glacial acetic acid solution, and 
the composition of the product determined by the method of 
thermal analysis with the aid of data derived from mixtures of 
substances of the types (A) and (B), which were prepared by appro¬ 
priate alkylation of 4- and 5-nitroguaiacols, respectively. The 
directive powers found in this way were : MeO, 100; EtO, 135; 
Pr a O, 128; Pr^O, 150; n-C 4 H 9 -0, 123; CH 2 Ph-0, 113. It is 
interesting to note that Sonn and Patschke (Ber., 1925, 58, 1698) * 
have observed the order CH 2 :CH'CH 2 *0>Et0 >Pr a O>MeO for 
the orienting influence of these groups in the course of the prepar¬ 
ation of ethers of (3-resorcylaldehyde by the Gattermann synthesis. 

Experimental, 

Mixtures of 4- Nitro-2-ethoxyanisole and 5-Nitro-2-ethoxyanisole 
5-Nitroguaiacol was prepared by the method of Pollecofl and 
Robinson (J., 1918, 113, 648) and in the nitration of 2-methoxy- 
phenyl carbonate it was found advantageous to continue stirring 
at 0° for 3*5 hours. The ethylation of 5-nitroguaiacol was carried 
out by Ludwig's method ( Monatsh ., 1900, 21, 100) and also by 
the xylene-ethyl sulphate-potassium carbonate process. The yield 
was 65% and the m. p. 102°. 5-Nitro-2-ethoxyanisole (Freyss, 
BuU . Soc . ind. Mulhovse , 1901, 70, 375), m. p. 85°, was similarly 
obtained in 60% yield from 4-nitroguaiacol. The freezing points 
were determined in a double-jacketed glass tube with the usual 
precautions. Nucleation and stirring were practised and the 
thermometer was graduated in fifths of a degree, but could be 
read accurately to the nearest 0*1°. As in all subsequent cases, 
the entire range of composition was examined and a portion of 
the curve selected for closer study either because the readings 

* The work here described was carried out in 1922—-1923 and the numerical 
results were disclosed when Part IV of this series was read at a meeting of 
the Society in June, 1925 (compare J. Soc, Cbim. Ind., 1925, 44 , 659r). 
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were more free from ambiguity in that region, or because the 
nitration mixture has a freezing point lying well inside the section. 

The following data were employed in the present instance, the 
first number of each pair representing the percentage of 5-nitro- 
2-ethoxyanisole in the mixture: 31*5, 83*7°; 37*8, 79*5°; 424, 
754°; 50*9,66*3°; 54*1,62*6°; 55*6,60*1°. 

Nitration of 2-Ethoxyanisole. —2-Ethoxyanisole, b. p. 213° (Tie- 
mann and Koppe, Ber., 1881, 14, 2018) (10 g.) mixed with purified 
acetic acid (30 g.) was nitrated by the gradual addition of nitric 
acid (12*5 c.c.; d 1*42) in acetic acid (30* g.). The mixture was 
mechanically stirred and cooled in a freezing mixture; the highest 
temperature reached was 12°. After 45 minutes, the product 
crystallised and the temperature remained stationary at — 1°; 
water was then added, the solid collected, well washed and dried 
(yield 95%). The product (A) was crystallised from methyl 
alcohol (50 c.c.), and equilibrium ensured by keeping for 5 hours 
at 16°. The pale yellow crystals were collected, thoroughly drained 
under pressure, and dried (10*68 g.) (B). 7*1 652 G. of (B) mixed 
with 0*5 g. of 4-nitro-2-ethoxyanisole froze at 66*0°. Hence from 
the graph, (B) contains 4*82 g. of 4-nitro-2-ethoxyanisole and 5*85 g. 
of 5-nitro-2-ethoxyanisole. In order to determine the composition 
of (A) it is necessary to estimate the solubilities of the isomerides 
in methyl alcohol at 16° and in presence of each other. 4-Nitro- 
2-ethoxyanisole (6*1860 g.) and 5-nitro-2-ethoxyanisole (3*8571 g.) 
were allowed to saturate methyl alcohol (25 c.c.) at 16°. The 
solid residue weighed 9*13 g. and its f. p. was 81*5°, corresponding 
to 34*9% of 5-nitro-2-ethoxy anisole. Combining these results, it 
appears that (A) contains 42*5% of 4-nitro-2-ethoxyanisole and 
57*5% of 5-nitro-2-ethoxyanisole. That (B) contained the two 
isomerides only was shown by the fact that 7*1652 g. of (B) mixed 
with TO g. of 4-nitro-2-ethoxyanisole froze at 68*9°. This corre¬ 
sponds to 51*4% of 4-nitro-2-ethoxy anisole, whereas the percentage 
calculated from the assumed composition of (B) is 51*9. This 
result and similar ones recorded below also guarantee the correct 
location of the points on the graph corresponding to the observed 
freezing points. The directive power of EtO relative to MeO 
(100) is therefore 135 in this series. 

4; 6-JDiniiro-2-ethoxy anisole .—The mixture of mononitro-2-ethoxy- 
anisoles was dissolved in cold nitric acid (d 1*42) and next day the 


product was precipitated by water and collected; it crystallised 
from alcohol in very pale yellow needles, m. p. 150° (yield almost 

S bitative) (Found: N, 11*6. C 9 H 10 O 6 N 2 requires N, 11*6%). 
m. p. of this methoxyethoxy-compound appears anomalous, 
jlfee related dimethoxy- and diethoxy-compounds melt at 
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132° and 113° respectively. By successive reduction with, zinc 
dust in aqueous alcoholic hydrochloric acid solution, addition of 
sodium acetate and of a solution of phenanthraquinone in aqueous 
sodium bisulphite, and boiling, a flocculent, yellow precipitate 
of %-methoxy-2-ethoxyphenanthraphenazine is obtained. Crystallised 
from xylene, the substance has m. p. 231°, gives a deep magenta 
solution in sulphuric acid, and fluoresces violet in benzene (Found : 
N, 8*2. CggHigOgNg requires N, 7-9%). 

6'-Nitro- 3' (or 4?)-methoxy-i! (or 3') - ethoxyphenyl-4 :: 5 -thiotriazo- 
catechol Methyl Ethyl Ether .—Jones and Robinson (J,, 1917, 111, 
910) obtained a compound, C 16 H 16 0 G N 4 S, by the action of hydrogen 
sulphide on 4 : 5-dinitroveratrole in aqueous alcoholic ammonia. 
This substance was shown to be a nitro-derivative, reducible to a 
related diazotisable amine, and it was considered to be 6-nitro- 
veratryl-4:5-thiotriazoveratrole (I). 

We have applied the reaction under similar conditions to 4 : 5-di- 
nitro-2-ethoxyanisole and have thus obtained a yellow compound 
which was crystallised by the addition of alcohol to its solution 
in nitrobenzene. The substance closely resembles nitroveratryl- 
thiotriazoveratrole and appears to be homogeneous. The yellow, 
rectangular plates, m. p. 175°, are sparingly soluble in alcohol or 
ether and moderately readily soluble in benzene or chloroform 
(Found : C, 51*6; H, 4*4; S, 7*8. C 18 H 2 o0 6 N 4 S requires C, 51-4; 
H, 4-8; S, 7-6%). 

In these substances the 8N a group is associated with 24 valency 
electrons and on the electronic theory of valency a reasonable 
assumption regarding the constitution of the thiotriazo-nucleus 
is that it contains the bipolar ion (II), where each straight line in 
thin type represents two electrons. 



(I.) (II.) (III.) 


It is very probable, however, that the nucleus has aromatic 
character and this requires a contribution of four electrons from 
the SN 3 group towards an aromatic sextet, two more being derived 
by fusion with the benzene nucleus. By analogy with glyoxaline 
these four electrons should be derived from the nitrogen atom 
joined to sulphur and from the double bond joining the other 
nitrogen atoms, giving the expression (III). Here, the sulphur 
atom is favourably situated for the purpose of increasing its 
covalency with the nitrogen atom and thus neutralising both its 
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own electrical charge and that on the ring members. The formula 
(II) is derived from an o-thionitrosoazobenzene derivative by a 
process of internal addition precisely analogous to that assumed 
by Burkhardt and Lapworth (J., 1925, 127, 1749) for the first 
stage of the reaction between nitrosobenzene and ethyl methylene- 
malonate. In the case we have discussed, the place of the un¬ 
saturated ester is taken by the thionitroso-group and the place of 
the nitroso-group by the azo-group. 

4z-N itro-2-propoxyanisole, prismatic needles, m. p. 106° (Found : 
C, 56*6; H, 6*1. C 10 H 33 O 4 N requires C, 56*9; H, 6*2%) and 
o-nitro-S-propoxyanisole, hexagonal tablets, m. p. 72° (Found: 
C, 56*9; H, 6*5%) were obtained in 70% and 65% yield, respect¬ 
ively, from 5-nitroguaiaeol and 4-nitroguaiacol by the action of 
propyl iodide and potassium hydroxide in boiling alcoholic solution 
during 5—6 hours. 

Mixtures of 4-nitro-2-propoxyanisole and 5-nitro-2-propoxyanisole 
had the following freezing points, the first number of each pair 
representing the percentage of 4-nitro-2-propoxyanisole in the 
mixture: 31*5, 55*5°; 34*2, 59*9°; 36*7, 63-5°; 41*0,69-6°; 44*2, 
73*4°; 50*5, 79*3°; 53*6, 82-4°; 57*0, 84*6°. 

Nitration of 2-Propoxyanisole. —2-Propoxyanisole (10 g.), b. p. 
220— 225° (Cahours, Compi. rend ., 1877,84,1195, gives 240—245°), 
dissolved in pure acetic acid (45 g.) was nitrated below 9° by the 
gradual addition with stirring of a mixture of nitric acid (15 c.c.; 
d 1*42) and acetic acid (35 g.). After one hour the product was 
precipitated by water, collected, washed and dried (A; 96% yield). 
This material was crystallised from 70 c.c. of 80% ethyl alcohol 
and after attaining equilibrium at 16° the solid was isolated (B) 
(10*79 g.). (B) froze at 75*2°, corresponding to 46*2% of 4-nitro- 
2-propoxyanisole. This was verified by adding 0*5213 g. of 4-nitro- 
2-propoxyanisole, when the f. p. was 77*6°, corresponding to 48*7% 
of 4-nitro-2-propoxyanisole (calc., 48*7%). A mixture of the 
isomerides (11*8861 g.), f. p. 78*5° (corresponding to 49*75% of 
4-nitro-2-propoxyanisole) was allowed to reach equilibrium with 
80% alcohol (40 c.c.) at 16°. The isolated solid froze at 80-0° 
(corresponding to 51*25% of 4-nitro-2-propoxyanisole) and the 
alcohol dissolved 0*5151 g. From these results it may be calculated 
that (A) contains 43*9% of 4-nitro-2-propoxyanisole and 56*1% 
of 5-nitro-2-propoxyanisole. The directive power of Pr a O is, 
accordingly, 128. 

4; 5-Dinitro-2-propoxyanisole, obtained in theoretical yield from 
the mono-nitration product of 2-propoxyanisole by the action of 
acid (d 1*42), crystallises from alcohol in needles, m. p. 143° 
C.47-0; H, 5*0. C 10 H 12 O 6 N 2 requires C, 46*9; H, 4*7%). 
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4:-Nitro-2-i$opropoxyanisole, pale yellow, prismatic needles, m. p. 
83° (Found: C, 56-7; H, 6*1. C 10 H 13 O 4 N requires C, 56*9; H, 
6*2%) and 5-nitro-2-isopropoxyani$ole, yellow prisms, m. p. 53° 
(Found: C, 57*0; H, 6*3%), were obtained like the ethyl and 
propyl compounds previously described, but in this case the yields 
were only 30% and 15%, respectively. The freezing points of 
mixt ures of the isomerides were the following, the first number of 
each pair giving the percentage of 5-nitro-2-2*sopropoxyanisole: 
24*6,69*7°; 30*4,66*7°; 35,63*7°; 39*5,60*2°; 48*1,53*8°. 

Nitration of 2-iso Propoxyanisole .—Guaiacol was converted into 
its isopropyl ether by boiling in alcoholic solution with an equivalent 
of potassium hydroxide and isopropyl iodide. The yield of a 
colourless oil, b. p. 210—215°, was 90% (Found: C, 71*6, 71*6; 
H, 8*4, 8*2. C 10 H 14 O 2 requires C, 72*3; H, 8*4%). Somewhat 
low results in carbon estimations appear to be normal in the case 
of these ethers. Thus Cahours (< loc . cit.) found C, 71*7 for 2-prop- 
oxyanisole. The nitration (of 8 g.) was carried out in the usual 
manner, giving a product (A) in 92% yield which was crystallised 
from 45 c.c. of 80% alcohol. After standing at 15°, the solids (B) 
were isolated (7*6978 g.). A mixture of 6*5663 g. of (B) with 2*4954 g. 
of 4-nitro-2-isopropoxyanisole froze at 57*0°, corresponding to 
56*0% of 4-nitro-2-isopropoxyanisole. Hence (B) contains 39*3% 
of 4-nitro-2-^sopropoxyanisole. A further 0*34 g. of 4-nitro- 
2-^sopropoxyanisole was added and the f. p. was then 58*2°, corre¬ 
sponding to 57*8% (calc., 57*6%) of the 4-nitro-derivative. 60 C.c. 
of 80% alcohol dissolved 2*3089 g. of a mixture of 4-nitro-2-m>- 
propoxyanisole (5*0 g.) and 5-nitro-2-^opropoxyanisole (4*641 g.) 
at 15° and the residue was isolated. 6*3365 G. of this product 
mixed with 4-nitro-2-^opropoxyanisole (1*1973 g.) had f. p. 61*3°, 
corresponding to 61*75% of the 4-nitro-derivative. From the 
above data it may be calculated that (A) contains 40*0% of 4-nitro- 
2-£$opropoxyanisole and the directive power of Pr^O is 150. 

4: 5-Dinitro-2-isopropoxycmisole, prepared from the mixture of 
mononitro-derivatives of 2-isopropoxyanisole in the usual manner, 
is much more readily soluble in alcohol than the propoxy-isomeride 
and crystallises in rectangular plates, m. p. 129° (Found : C, 46*8; 
H, 5*0. C 10 H 12 O 6 N 2 requires C, 46*9; H, 4*7%). 

4:-Nitro-2-n~butoxyanisole, m. p. 74° (Found: C, 58*3; H, 7*0. 
CnHi 5 0 4 N requires C, 58*7; H, 6*7%), and 5-nitro-2-n~butoxy- 
anisole , pale yellow prisms, m. p. 56° (Found : 1ST, 6*6. o u h 15 o 4 n 
requires N, 6-2%), were obtained in the usual manner in 60% and 
55% yield, respectively. The freezing points of mixtures of the 
isomerides are the following, the first number of each pair indicating 
the percentage of 4-nitro-2-^-butoxyanisole: 25*5, 39*8°; 28*3, 

o 
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37-5°; 33-2, 32*6°; 36*5, 30*4°; 39-6, 33-2°; 42*7, 35-3°; 45*1, 
35-7°; 46-9, 35*5°; 50*7, 39*6°; 52*2, 41*8°; 53*8, 44-1°.* A com- 
pound, f. p. 35—36°, appears to be formed containing 44% of the 
4-nitro-isomeride. The eutectic on the side of the 4-nitro-isomeride 
is near 35° and on the side of the 5-nitro-isomeride it is near 30°. 

Nitration of 2-n-Buioxyanieole. —The w-butyl ether of guaiacol 
was obtained in almost quantitative yield in the usual maimer. 
It is a colourless oil, b. p. 236—239° (Found: C, 72*8; H, 8*8* 
C n Hi 6 0 2 requires C, 73*3; H, 8*9%), and, on nitration in acetic 
acid below 12°, gave a mixture of mononitro-derivatives (A) in 
96% yield. This material was dissolved in 65 c.c. of 80% alcohol 
and, on cooling, an oil separated and subsequently crystallised. 
After keeping at 16°, the product (B) was collected, well drained, 
and pressed, and finally dried at 95° during an hour. (B) (8*5006 g.) 
mixed with 4-nitro-2-^-butoxyanisole (0*3088 g.) froze at 37*3°, 
corresponding to a mixture containing 49*0% of the 4-nitro-isomer¬ 
ide. On adding 0*3054 g. of the 4-nitro-isomeride, the f. p. observed 
was 39*6°, corresponding to 50*7% of the 4-nitro-isomeride (calc., 
50*7%). Further addition of 4-nitro-2-%-butoxyanisole (0*2977 g.) 
gave a mixture found to contain 52*1% of the 4-nitro-isomeride 
(calc., 52*2%). A mixture of 4-nitro-2-^-butoxyanisole (6*0833 g.) 
and 5-nitro-2-ft-butoxyanisole (6*5902 g.) was crystallised from 
80% alcohol (50 c.c.) and, after standing at 16°, the solid was 
isolated and found to weigh 11*2734 g. and to freeze at 38*5°, 
corresponding to 49*75% of the 4-nitro-isomeride. 

From the above data it follows that (A) contains 44*8% of 

4- nitro-2-^-butoxyanisole and 55*2% of the 5-nitro-isomeride. 
Consequently the directive power of %-C 4 H 9 *0 is 123. 

4: 5-Dinitro-2-TL-butoxyanisole, obtained by further nitration of 
the mixed mononitro-derivatives in excellent yield, crystallises 
from alcohol in faintly yellow needles, m. p. 97° (Found : C, 48*7; 
H, 4*9. C n H 14 0 6 ]Sr 2 requires C, 48*9; H, 5*2%). 

4:-Nitro-2-benzyloxyanisole was obtained in 75% yield from 

5- nitroguaiaeol by the action of benzyl chloride and potassium 
hydroxide in boiling alcoholic solution. It crystallises from alcohol 
in one of two forms, m. p. 93° and m. p. 98° (Found in material, 
m- p. 93°: C, 64*7; H, 5*2, and in material, m. p. 98° : C, 64*7; 
H, 5*1. C 14 H 13 0 4 lSr requires C, 64*9; H, 5*0%). 

5-Nitro-2-benzybxyanisole, m. p. 82°, was similarly obtained from 
4-nitroguaiacol in 55% yield (Found: C, 64*9; H, 5*0%). The 


Ta this case and also that of the' benzyloxy-series, sharper and more 
l^cnsisfcent readings were obtained if, after thorough micleation, stirring 
. when the cooling became very slow in the neighbourhood of the 


sag point. 
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freezing points of mixtures of the isomerides were the following, 
the first number of each pair indicating the percentage of 5-nitro- 
2-benzyloxyanisole: 17-1, 85*0°; 23-7, 80-0°; 33*6, 72*9°; 37*2, 
69*2°; 41-3, 65*2°; 46-0,57*2°. 

Nitration of 2 -Benzyloxyanisole .—2-Benzyloxyanisole (9*766 g.) 
dissolved in acetic acid (65 c.c.) was nitrated by the gradual addition 
of a mixture of nitric acid (20 c.c.; d 1*42) and acetic acid (35 c.c.) 
with cooling in ice and stirring. The temperature rose momentarily 
to 18°, but quickly fell to 8°. After an hour, water was added 
and the product (A) collected, washed and dried (yield 98%). The 
material was crystallised from 80% alcohol (80 c.c.) at 16°, and the 
solid (B) completely freed from adherent mother-liquor and dried 
(11*1332 g.). A mixture of (B) (6*3452 g.) and 4-nitro-2-benzyl- 
oxyanisole (2*0015 g.) froze at 67*0° and therefore contained 39*5% 
of 5-nitro-2-benzyloxyanisole. On adding more 4-nitro-2-benzyl- 
oxyanisole (0*451 g.), the f. p. was 69*1°, corresponding to 37*3% 
of the 5-nitro-isomeride in the mixture (cale., 37*5%). Alcohol 
(50 c.c. of 80%) was saturated at 16° by the addition of 4-nitro- 
2-benzyloxyanisole (5-0 g.) and 4-nitro-2-benzylanisole (4*2528 g.). 
The solvent contained 0*3972 g. of the mixed isomerides, whilst the 
separated material had f. p. 59-5° and thus contained 44*8% of 
5-nitro-2-benzyloxyanisole. From the above data it appears that 
(A) contained 53*0% of 5-nitro-2-benzyloxyanisole and 47*0% of 
the 4-nitro-isomeride and that the directive power of CH 2 Ph*0 
is 113. 

The authors wish to thank the Department of Scientific and 
Industrial Research for grants which have enabled one of them 
to take part in the research. 

Universities op St. Andrews and 

Manchester. [ Received , December 19 th, 1925.] 


L .—The Relative Directive Powers of Groups of the 
Forms RO and RR'IST in Aromatic Substitution. 
Part II. The Nitration of some %~Benzyloxyan- 
isoles substituted in the Benzyl Group. 

By Albert Edward Oxpord and Robert Robinson. 

In this communication the method described in the preceding 
paper is applied to the determination of the directive powers of 
the m- and ^-nitrobenzyloxy- and m-methoxybenzyloxy-groups. 
2-m (or ^)-Nitrobenzyloxyamsole is much more difficult to 

o2 
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nitrate than is 2-benzyloxyanisole and it is evident that the intro¬ 
duction of the nitro-group has the effect of depressing the reactivity 
of the molecule as a whole. This effect is, however, felt to a greater 
relative extent by the benzyloxy-group than by the methoxyl. 
In Part I it is shown that the directive power of the benzyloxy- 
group (MeO, 100) is 113 and we now find that the m-nitrobenzyl- 
oxy- and js-nitrobenzyloxy-groups have, within the limits of experi¬ 
mental error, identical directive powers, namely, 67. Obviously 
the true value should be smaller still, because a portion of the 
inhibitory effect of the nitroxyl has been experienced by the meth¬ 
oxyl group. Since the nitro-group exerts its influence to an equal 
extent from the meta- and para-positions in the benzyl nucleus, 
it is not an alternating effect but, in all probability, a general polar 
effect which is under observation. The existence of general electrical 
effects is widely recognised, but it must be emphasised that, no 
less than in the case of the alternating effects, a knowledge of the 
mechanism of the reaction is necessary before a conclusion can 
be reached as to whether a particular process should be facilitated 
or hindered. An example will illustrate our meaning. Olivier 
(Rec. trav. cMm. } 1922, 41, 646) has shown that the hydrolysis of 
o-, ra-, and p-nitrobenzyl chlorides in aqueous alcohol is much 
slower than that of benzyl chloride or any of its ehloro-, bromo-, or 
methyl derivatives and this is another clear case of the general 
electrical effect of the nitro-group. The fact that the nitrophenols 
and nitrobenzoic acids, compared with phenol and benzoic acid, 
respectively, are strong acids shows that the nitro-group increases 
the affinity for the negative charge, whilst the weak basic nature 
of the nitroanilines, compared with aniline, shows that the intro¬ 
duction of a nitro-group decreases the affinity for the positive 
charge. An important exemplification of the latter point is found 
in the high chemical reactivity of nitro-substituted diazonium 
salts. Now, under the conditions of Olivier’s experiments, the 
most acceptable view of the mechanism of the hydrolysis is that 
which postulates partial or complete dissociation of the nitrobenzyl 
chlorides at some stage and possibly as a result of oxonium salt 
formation with water or alcohol. Any such process will be in¬ 
hibited if the affinity of the substituted benzyl group for the positive 
charge is diminished. Hence, on this mechanism, the theory of 
the general electrical effect of the nitro-group requires that the 
hydrolysis of a nitrobenzyl chloride should be slower than that of 
benzyl chloride. If, however, the benzyl chlorides were hydrolysed 
through the intermediate formation of a complex anion which 
* subsequently recovered neutrality by ejecting chloridion, then the 
’ ^^>group, by increasing the affinity for the negative charge, would 
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facilitate the process.* Conversely, the introduction of nitro- 
groups into a molecule should retard the formation of complex 
kations such as those resulting from the attack of an aromatic 
compound by a diazonium ion, and this is in accordance with 
experience. It is a short step to the general case of aromatic 
substitution in which the nucleus is attacked by the positive end 
of a polarised complex rather than by a positive ion, and the same 
principles apply. If an aromatic nucleus, A, reacts with a complex, 
©B-C0, then the charge on B is transferred to the nucleus and 
the bipolar ion, ©A-B-CO, is produced. Circumstances, such as 
the introduction of nitroxyl, which reduce the affinity of A for the 
positive charge must retard the process. In our experiments, the 
nitro-groups gave rise to no alternating effect whatever, but it 
should be noted that the system is a complex one summarised as : 
modifying group—activating centre—point of reaction. That is, the 
effect of the nitro-groups on the reacting nucleus is only experi¬ 
enced through an oxygen atom, which must be regarded as the 
effective key-atom. In Olivier’s experiments very weak altern¬ 
ating effect (in the expected sense) is superposed on the powerful 
general effect, whilst Harrison (private communication) has shown 
that the hydration of 3 : 4'-dimtrotolane yields nothing but 3-nitro- 
phenyl 4-nitrobenzyl ketone, (m-)N0 2 *C 6 H 4 -C0*CH 2 -C 6 H 4 *N0 2 (^-), 
in accordance with the rule of alternate polarities. The general 
conclusion may be drawn that the alternating polar effect of a 
nitroxyl group cannot be discerned beyond the limits of the con¬ 
jugated (crotonoid) system of which it forms a part. We had 
planned the determination of the directive powers of and p- 
methoxybenzyloxy-groups, but for reasons explained on p. 391 
the latter estimation has not yet been made. The m-methoxy- 
benzyloxy-group has the directive power 92 (MeO, 100; CH 2 Ph*0, 
113) and it will suffice to note at this stage that the result is in 
harmony with the effect which a m-methoxy-group has in enhancing 
the ionisation* constants of some substituted benzoic acids (e.g., 
anisic acid, Z = 3*2 X 10“ 6 ; veratric acid, Z = 3-8 X 10” 5 ). 

* The hydrolysis of p-iodoxynitrobenzene by alkalis (Vorlander and 
Buchner, Ber., 1925, 58, 1291) with formation of nitrobenzene and an iodate 
is a most interesting example of a combined alternating and general effect 
resulting in the ready production of a complex anion which recovers neutrality 
by ejecting iodate ion 



p-Dinitrobenzene does not undergo a similar reaction and this suggests that 
an important factor in the situation is the heavy iodine atom, which is doubt¬ 
less capable of adding electrons to its outer shell. 



386 OXFORD AND ROBINSON : THE RELATIVE DIRECTIVE POWERS 

Experimental. 

2-m -Nitrobenzylozyanisole, OMe* C 6 H 4 * 0 *CH 2 *C 6 H 4 *N 0 2 .—w-Ni- 
trobenzyl bromide, m. p. 59—60°, was obtained in 96% yield by 
the action of bromine (32 g.) on a mixture of m-nitrobenzyl alcohol 
(31 g.) and red phosphorus (4 g.). A mixture of guaiacol (10 g.), 
ra-nitrobenzyl bromide (17 g.), and alcoholic sodium ethoxide 
(430 c.c. of 0-52V) was refluxed for 1-5 hours, and the solid that 
was precipitated by addition of water was dried and crystallised 
from alcohol and then twice from light petroleum; it formed small, 
pale yellow needles, m. p. 47*5—48° (Pound: C, 64*8; H, 5*0; 
N, 5*7. C 14 H 13 0 4 N requires C, 64*8; H, 5*1; N, 5*4%). 

4- Nitro-2-m-nitrobenzyloxyanisole , 

0Me*C 6 H 3 (N0 2 )*0*CH 2 *C 6 H 4 *N0 2 .— 

The guaiacol carbonate process for the preparation of 5-nitro- 
guaiaeol, for some unascertained reason, gave very poor results 
in this series of experiments and we therefore obtained the sub¬ 
stance by the nitration of acetylguaiaeol and subsequent hydrolysis 
(Paul, Ber 1906, 39, 2779). The ether of the nitroguaiacol was 
prepared by the method described for the m-nitrobenzylation of 
guaiacol, except that the reaction mixture was boiled for 2 hours. 
The substance was crystallised from acetic acid and then twice 
from alcohol, separating in almost colourless, microscopic plates, 
m. p. 164*5—165° (Found : C, 55*4; H, 4-3. C 14 H-^0 6 N 2 requires 
C, 55*3; H, 4*0%). AGL the m-nitrobenzyloxy-derivatives were 
more readily soluble in organic solvents than the corresponding 
jp-nitrobenzyloxy-compounds. 

5- Nitro-2-m-nitrobmzybccyanisole. —The potassium salt of 4-nitro- 
guaiacol which separates from the product of hydrolysis of 4-nitro- 
veratrole (Polleeoff and Robinson, J., 1918, 113, 645) proved to 
be homogeneous and was brought into reaction with an equivalent 
quantity of m-nitrobenzyl bromide in boiling alcoholic solution 
(400 c.c. for 12 g. of the salt) during 1*25 hours. The crude pro¬ 
duct, m. p. 140°, was twice recrystallised from alcohol, separating 
in colourless, ^microscopic plates, m. p. 140*5—141*5° (Pound: 
C, 55*5; H, 4*2%). 

s Method of Determination of Freezing Points .—The material was 
placed in a thick-walled test-tube (8*5 X 1*5 cm.) provided with 
a standard Anschutz thermometer (graduated in fifths of a degree, 
but capable of being read accurately with the aid of a telescope 
to the nearest 0*05°) and a stirrer of stout silver wire. This vessel 
was surrounded by an air-jacket and the whole could be heated 

K ed in a covered bath of sulphuric acid. The substances 
bested were finely powdered and dried for 10—12 hours 
peratures a few degrees below their m. p. About 1*3 g. 
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usually sufficed to cover the bulb of the thermometer. The tem¬ 
perature of the outer bath was kept at 20° above the m. p. of the 
material until this was completely fluid and thereafter at 2° below 
the f. p., which was ascertained in a rough preliminary experiment 
or by extrapolation. The liquid in the inner tube was slowly 
stirred until its temperature was 1-6—2° below the true f. p.; 
crystallisation was then induced by more vigorous stirring or by 
scratching; the temperature then rose to a maximum and remained 
at that temperature, the f. p., for 0*5—3 minutes, slow stirring 
being continued. In the neighbourhood of the eutectic, the degree 
of supercooling had a considerable effect on the observed f. p. and, 
on the other hand, as the mixture approached the eutectic it was 
less difficult to induce crystallisation. In every case several deter¬ 
minations of each f. p. were made and the mean of the most trust¬ 
worthy values, the extreme variation not exceeding 0-3°, was 
calculated. It is not good practice to take the highest value and 
ignore the remainder, since this high value may have been obtained 
by some deviation from standard procedure. 


Mixtures of 4:-Nitro-2-m-nitrobenzyloxyanisole and 
5-Nitro~2-m-nitrobenzyloxyanisole. 


% 5-nitro-isomeride. 

F. p. 

% 5-nitro-isomeride. 

F. p. 

0-0 

165-3° 

50-2 

137-0° 

11-47 

160-35 

55*0 . 

130-9 

20-56 

156-0 

60-1 

128*7 

29*77 

151-4 

65*5 

129-1 (?) 

34-85 

148-45 

70-3 

127-5 

39*59 

145-1 

80*7 

133-5 

45-47 

140-55 

92*0 

139*1 

50*19 

136-7 

100-0 

142-65 

54-44 

132-2 




Obtained by adding the 5-nitro-iso- bbtained by adding the 4-nitro-iso- 
meride to the 4-nitro-isomeride. xneride to the 5-nitro -isomeride. 


Nitration of 2-m-Nitrobenzyloxyanisole. —The ether (2*170 g.) 
dissolved in pure acetic acid (25 c.c.) was nitrated by the addition 
of boiled nitric acid (10 c.c.; d 1*42) in one portion, the mixture 
being mechanically stirred and efficiently cooled by water at 14°. 
Subsequent operations were exactly the same as those described 
below in the case of the y>-mtrobenzyloxy-isomeride. The yield 
was 98*4% of that theoretically possible and in this case the correc¬ 
tion applied to the f. p. was + 0-1°. The corrected f. p, of the 
nitration product (A) was 145*1° and from the graph this is found to 
correspond to 39*6% of the 5-nitro-isomeride (Lagrange interpolation 
formula—39*7%). The corrected f. p. of a mixture (B) of 1*2372 g. 
of (A) and 0*2520 g. of the 4-nitro-isomeride was 149*65°. From 
the graph this corresponds to 32*7% of the 5-nitro-isomeride 
(L.I.F.—32*9%) and hence (A) contained 39*4% (39*6%) of the 
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5-nitro-isomeride. The best value for the % of 5-nitro-2-m-nitr o- 
benzyloxyanisole in the nitration product appears to be 39-6. 
Hence the directive power of the m-nitrobenzyloxy-group is 67. 
This was confirmed by taking 0*9579 g. of (B) and adding 0*2808 g. 
of the 5-nitro-isomeride, thus bringing the % of the latter to 48*1. 
From the graph, the f. p. should be 138*4° (Found : 138*2°). 

Mixtures of 4:-Nitro-2^-nitrobenzybxyanisole and 5-Nitro-2--p-nitro- 
benzyloxyanisole .—The compounds were obtained exactly like the 
isomerides and in excellent yields. They were crystallised thrice 
from benzene and obtained in pale yellow, flat needles, sparingly 
soluble in most organic solvents. The 4-nitro-isomeride has m. p. 
167—168° (Found : C, 55*5; H, 4*0. requires C, 

55*3; H, 4*0%) and the 5-nitro-isomeride has m. p. 163*5—164*5° 
(Found: C, 55*3; H, 4*1%). 


% 5-nitro-isomeride. 

F. p. 

% 5-nitro-isomeride. 

F. p. 

00 

168*3° 

49*4 

139*3° 

600 

165*6 

55*0 

138*4 

18*76 

159*25 

58*9 

140*8 

27*86 

154*55 

63*2 

144*2 

40*48 

146*9 

71*7 

150*05 

49*60 

139*5 

76*3 

152*8 



83*8 

157*0 



89*5 

160*0 



100*0 

165*0 


Obtained by adding the 5-nitro-iso- Obtained by adding tbe 4-nitro-iso- 
meride to the 4-nitro-isomeride. meride to the 5-nitro-isomeride. 

Nitration of 2 -p itrobenzyloxyanisole .—The ^-nitrobenzyl ether 
of guaiaeol was obtained like the m-nitrobenzyl ether and crystallised 
from alcohol in pale yellow, glistening leaflets, m. p, 63*5° (Found : 
C, 64*9; H, 5*0. C 14 H 13 0 4 N requires C, 64*8; H, 5*1%). The 
substance is readily soluble in ether, benzene, chloroform, or acetic 
acid, sparingly soluble in cold methyl or ethyl alcohol and in hot 
light petroleum. Lyman and Reid (J. Amer. Ghem. Soc ., 1920, 
42, 615) quote the m. p. (63*6°) of the substance but give no further 
details. A solution of the ether (3*4 g.) in acetic acid (30 c.c.) 
was mechanically stirred, cooled in ice, and boiled nitric acid 
(3 c.c.; d 1*42) mixed with acetic acid (3 c.c.) was gradually intro¬ 
duced. After 2 hours, unchanged substance was recovered, whereas 
2-benzyloxyanisole was readily nitrated under s imil ar conditions. 
Next, the theoretical amount of nitric acid was added to an 
approximately 10% solution of the ether in acetic acid, and the 
mixture heated on the steam-bath to 90° without a colour change. 
One drop of nitric acid was then added and in a minute the liquid 
Suddenly became red and in a short time a considerable amount of 
3lid crystallised. The addition of a second molecular 
of nitric acid produced no effect and the temperature 
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was then raised to 100° for 15 minutes, giving a clear solution. 
Water was added and the product collected, washed, and dried in 
the air and at 120° for 2 hours (Found : C, 55*2; H, 4*0. Calc. : 
C, 554; H, 4*0%). On analysis (f. p. 145*95°) this material was 
found to contain 42% of the 5-nitro-isomeride, and this conclusion 
was confirmed by addition of the 4-nitro-isomeride and the 
determination of the f. p. of the mixture. 

Nitration at 14°. Boiled nitric acid (10 c.c.; d 142) was added 
to a stirred solution of the ether (2422 g.) in acetic acid (30 c.c.) 
cooled by water at 14°. In about a minute crystallisation occurred 
without a change in the colour of the liquid, and after 15 minutes 
water was added and the product collected, washed, and dried at 
80—100° for 10 hours. The yield was 99*1% of that theoretically 
possible. The f. p. of the crude product was 147*0° and in order 
to apply a correction for traces of impurities the following pro¬ 
cedure was adopted. The finely powdered product (1*5 g.) was 
heated with pure methyl alcohol (10 c.c.) until the latter boiled; 
the mixture was then cooled, finally in water at 10°. The solid 
was collected, 10 c.c. of methyl alcohol being employed for washing 
the flask and an equal volume for washing on the filter. The 
material dried at 100° for 1 hour lost very little weight and had 
f. p. 147*2°. A repetition of the process gave a mixture, f. p. 
147*0°. Hence the corrected f. p. of the nitration product is 1474°. 
From the graph we find that the corresponding % of the 5-nitro- 
isomeride is 39*8 (L.I.F.—39*8). The corrected f. p. of a m ix ture 
of the nitration product (T1706 g.) and the 4-nitro-isomeride 
(0*2419 g.) is 152*0° Using the interpolation formula, this corre¬ 
sponds to 32*5% of the 5-nitro-isomeride or 39*2% of the 5-nitro- 
isomeride in the nitration product. The best value for the com¬ 
position of the mixture obtained by nitration of 2-p-nitrobenzyl- 
oxyanisole is 4-nitro-2-p-nitrobenzyloxyanisole 60*5% and 5-nitro- 
2-^-nitrobenzyloxyanisole 39*5%, whence the directive power of 
the p-nitrobenzyloxy-group is 67. On this assumption, the f. p. 
of a mixture of the nitration product (0*3842 g.) and the 5-nitro- 
isomeride (0*7388 g.) should be 154*5° on a branch of the curve not 
previously employed (Found: 154*25°). An artificial mixture of 
the two isomerides containing 39*5% of the 5-nitro-isomeride had 
f. p. 147*25° [Found : Nitration product, f. p. 147*0°; £ p. (corr.) 
147*4°]. 

2-m-Methoxybenzyloxyani$ole .—Guaiacol (4*9 g.) and m-methoxy- 
benzyl bromide (8 g.) (Lapworth and Shoesmith, J., 1922, 121 , 
1392) were added to a solution of sodium ethoxide (from 0*9 g. of 
sodium) in 95% alcohol (300 c.c.), and the mixture heated in the 
steam-bath for 10 minutes. The product was isolated by extraction 
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with ether after addition of water, and 4*0 g., b. p. 220°/22 mm., 
m. p. 28—31°, were obtained. By crystallisation from light 
petroleum the m. p. was raised to 31*5° (Found : C, 74*0; H, 6*5. 
CjgHxgOg requires C, 73-7; H, 6*6%). 

4z-Nitro-2-m-meihoxybenzyloxyanisole, crystallising from alcohol 
in short, pale yellow, glistening needles, m. p. 116—117° (Found: 
C, 62*2; H, 5*4. C 15 H 15 0 5 N requires -C, 62*3; H, 5*2%), and 
5-nitro-2-m-methoxybenzybxyanisole, crystallising from alcohol in 
very pale yellow, slender needles, m. p. 98*5—99*5° (Found: C, 
61*8; H, 5*5%), were prepared by methods closely resembling 
those employed for the nitrobenzyl ethers of 5- and 4-nitroguaiacols. 
The yields were good. 

Mixtures of 4:-Nitro-2-m-methoxybenzyloxyanisole and 5-Nitro- 
2-m-methoxybenzyloxyanisole .—The following freezing points were 
observed, the first number of each pair indicating the percentage 
of the 5-nitro-isomeride in the mixture : 0*0, 114*85° (1); 11*78, 
109*8° (2); 18*57, 106*8° (3); 21*52, 105*3° (4); 31*00, 100*35° (5); 
34*20, 98*3° (6); 41*55, 93*1° (7); 50*20, 85*6° (8); 53*91, 82*5° (9); 
62*23, 75*2° (10). In applying the Lagrange interpolation formula, 
the values (1), (2), and (3) were ignored, because in these cases 
supercooling to the extent of 3° or 4° was necessary. A smooth 
curve can be drawn through points corresponding to the values 
(1) to (9) inclusive, and (10) is probably on the other side of the 
eutectic. 

Nitration of 2-m-Meihoxybenzyloxyanisole. —The nitration was 
carried out like that of 2-p-nitrobenzyloxyanisole, except that the 
temperature was 0° and the flask was kept over-night in melting 
ice. The yield from 1*9642 g. of the ether was 2*3020 g. (99*0%) 
and the pale yellow, dry product had m. p. 78—94° (Found: C, 
62*4; H, 5-3; 'N, 5*3. Calc.: 0, 62*3; H, 5*2; N, 4*8%). The 
f. p. of the nitration product was 87*05°, whilst mixtures of the 
nitration product (1*6128 g.) with 0*2398 g. and 0*3608 g. of the 
4-nitro-isomeride froze at 92*85° and 95*4°, respectively. Careful 
examination of these figures by graphical and algebraic methods, 
taking into consideration the fact that the f. p. 92*85° is close to 
a determined point (7) 93*1°, shows that the best value for the 
composition of the nitration mixture is 48*0% of 5-nitro-2-m- 
methoxybenzyloxyanisole and 52% of 4-nitro-2-m-methoxybenzyl- 
oxyanisole. The directive power of the m-methoxybenzyloxy-group 
is accordingly 92. 

2 -^-MeNiozybenzybxyanisole. —A solution of anisyl alcohol (5 c.c.) 
m benzene (30 c.c.) was saturated with hydrogen chloride. The 


mtixm was very rapid. The solution decanted from the aqueous 
y*£r|was- dried by calcium chloride and, the excess of hydrogen 
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chloride having been removed in a current of dry air, added to a 
boiling solution of sodium ethoxide (from 1*0 g. of sodium) and 
guaiacol (6*5 g.) in absolute alcohol (300 c.c.); the mixture was 
then refluxed for 1*5 hours. The neutral ether, isolated in the 
usual manner, crystallised from light petroleum in rosettes of white 
needles, m. p. 94—96° (Found : C, 73*4; H, 6*5. C 15 H 16 0 3 requires 
C, 73*7; H, 6*6%). Despite repeated efforts, satisfactory con¬ 
ditions for the nitration of this compound could not be established. 
It has not, therefore, been possible to make use of the data recorded 
below. 

4c-Nitro-2~j)-methoxybenzybxyanisole .—This substance, prepared 
like the 5-nitro-isomeride described below, was crystallised from 
alcohol and then repeatedly from light petroleum, separating in 
very pale yellow, glistening needles, m. p. 129—130° (Found: 
N, 4*9. C 16 H 15 0 6 N requires N, 4*8%). 

5-Nitro-2-j)-methoxybenzyloxyanisole .—The p-methoxybenzylation 
of 4-nitroguaiacol was carried out in the usual manner, with p-meth- 
oxybenzyl bromide, but the yield was poor. After crystallisation 
from aqueous alcohol the substance melted at 108° with softening* 
at 100°. Better results were obtained by the following method. 
Anisyl alcohol (4 c.c.) was converted into chloride in benzene 
solution as described above, and the liquid decanted from the 
aqueous layer shaken vigorously for one hour with a solution of the 
potassium salt (10 g.) of 4-nitroguaiacol in dilute aqueous sodium 
hydroxide (300 c.c.). The neutral product was extracted with 
ether, isolated, and crystallised from alcohol and then from light 
petroleum, separating in pale yellowish-brown, short needles, 
m. p. 109° with slight softening at 100° (Found: C, 62*2; H, 5*4. 
Ci 5 H 16 0 6 N requires C, 62*3; H, 5*2%). 

Mixtures of the 4- and 5-nitro-2-p-methoxybenzyloxyanisoles had 
the following f. p., the first number of each pair indicating the 
percentage of the 4-nitro-isomeride: 0*0, 107*8°; 7*01, 103*7°; 
19*14, 96*0°; 21*97, 93*4°; 23*20, 91*05°; 29*32, 85*75°; 38*11, 
82*2°; 43*64, 91*05°. In this case, it was necessary to resort to 
seeding, as otherwise the degree of supercooling required was 3° or 
more. . 

We are greatly indebted to the Department of Scientific and 
Industrial Research for grants which enabled one of us to take 
part in the work and to the Chemical Society for a grant which 
has met part of the cost of this investigation. 

The Univebsity, Manchester. [Received, December 19th, 1925.] 
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LI .—The Relative Directive Powers of Groups of the 
Form RO and RR'N in Aromatic Substitution • 
Part III . The Nitration of some -p-Alkyloxy - 

anisoles . 

By Robert Robinson and John Charles Smith. 

The nitration of quinol dialkyl ethers in cold acetic acid solution 
results in an almost theoretical yield of the pure mononitro-deriv- 
atives and the composition of the product can therefore be 
determined with considerable accuracy by the method of thermal 
analysis. Satisfactory methods for the preparation of 2-nitro- 
4-methoxyphenol and 3-nitro-4-methoxyphenol and of the ethyl, 
propyl, and p-nitrobenzyl ethers of each of these substances have 
been devised and the f. p/s of mixtures of the isomeric pairs of 
nitroquinol dialkyl ethers have been determined. Examination 
of the products of nitration of quinol methyl ethyl ether, quinol 
methyl propyl ether, and quinol methyl p-nitrobenzyl ether with the 
aid of the diagrams so obtained shows that the directive powers of 
ethoxyl and propoxyl relative to methoxyl are higher than those 
observed in the catechol series, whilst the p -nitrobenzyloxy-group 
is weaker in the quinol than in the catechol series. Furthermore, 
whereas propoxyl is weaker than ethoxyl in the catechol series, it 
is now found to be stronger than ethoxyl in the quinol series. The 
theoretical implications of these results are discussed in the following 
communication. 

Experimental. 

2-NitroA-methoxyphenol .—The product (90% yield) of the action 
of nitric acid (1 mol.; d 1*42) on quinol dimethyl ether dissolved 
in acetic acid at 30° had m. p. 71-5° and was homogeneous (Miihl- 
hauser, Annalen, 1881, 207, 253, gives 71-5°, and Vermeulen, Bee. 
trav. chim 1905, 25, 12, gives 72—73°, as the m. p. of nitroquinol 
dimethyl ether). After reduction and attempted condensation 
with phenanthraquinone, no phenazine could be obtained and conse¬ 
quently 2 :3-dinitroquinol dimethyl ether, one of the products of 
the further nitration of nitroquinol d i m ethyl ether (Nietzki and 
Pechberg, Ber., 1890, 23, 1211), was not present. The nitrations 
examined quantitatively in the course of this work were conducted 
at a lower temperature and it may be safely concluded that no 
dinitro-derivatives were produced. Under the following conditions, 
of nitroquinol dimethyl ether gives a 96% yield of 
!-nitro-4-methoxyphenol (compare Kauffmann and 
0, 43, 1215; PoUeeoif and Robinson, J., 1918, 113, 
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647). A mixture of nitroquinol dimethyl ether (40 g.), sodium 
hydroxide (80 g.), and water (700 g.) was refluxed in a copper flask 
heated in an oil-bath for 54 hours, the liquid being agitated by means 
of a moderately rapid stream of air. Water (400 c.c.) was then 
added, the condenser removed, and boiling continued for 30 minutes 
or until the issuing steam condensed to clear drops on a test-tube filled 
with cold water. The mixture was cooled to about 60°, acidified 
with hydrochloric acid, and distilled in a current of steam. The 
product was collected, dried, and crystallised from light petroleum, 
separating in red prisms, m. p. 79—80°. 

2-Nitro-4-methoxyphenol is also the product of the hydrolysis of 
nitroquinol dimethyl ether by means of hydrobromic acid. Com¬ 
bined with the fact that nitroveratrole under similar conditions 
gives 5-nitroguaiacol (Cardwell and Robinson, J., 1915, 107, 255), 
this indicates the order o > m> p for the influence of a nitro-group 
on the ease of hydrolysis of methoxyl by acids. A mixture of 
nitroquinol dimethyl ether (5 g.) and saturated aqueous hydro¬ 
bromic acid (15 g.) was heated on the steam-bath for 6 hours. 
Subsequently 2-nitro-4-methoxyphenol (3-0 g.), m. p. 72—74° 
(recrystallised, m. p. 79—80°), and nitroquinol (0-5 g.), m. p. 132°, 
were isolated and identified. The theory of the hydrolysis of 
methoxyl groups by acids is necessarily complex. In the Friedel- 
Crafts reaction with phenol ethers the order of influence of the 
carbonyl group on the ease of hydrolysis of methoxyl is o > p > m. 
On the other hand, in euxanthone diethyl ether, we find m > o, in 
harmony with the nitroveratrole case. In contrast, the hydrolysis 
of phenolic ethers by alkaline solutions, as affected by the positions 
of groups like nitroxyl, gives uniform results—o, p > m. 

Quinol Monomethyl Ether .—The method of Ullmann (Annalen, 
1903, 327, 116) for the semi-methylation of quinol was found to 
give poor yields and the following process was adopted after 
numerous trials. A solution of quinol (110 g.) in sodium hydroxide 
(100 g.) and water (700 c.c.), contained in a flask filled with hydrogen, 
was cooled to 12° and vigorously shaken after the addition of 
neutral methyl sulphate (120 c.c.) in one portion. After about 5 
minutes the mixture was cooled and the dimethyl ether collected 
(33 g., m. p. 56°). The filtrate and washings were acidified with 
hydrochloric acid and cooled to about 8° for about 1 hour, thereafter 
the monomethyl ether was collected, washed with ice water, and 
dried (45 g., m. p. 52—54°). The aqueous solution was extracted 
with ether and the residue after evaporation of the solvent yielded 
to benzene a further 30 g. of less pure quinol monomethyl ether, 
m. p. 41—46°. For our purposes, it was necessary to ensure the 
absence of. quinol from the product. The material was dissolved 
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in benzene and any quinol which crystallised was separated; the 
solution was then distilled and a product, m. p. 53—54°, collected 
at 243—246°. This was redissolved in benzene, and the solution 
repeatedly shaken with small quantities of cold water. The ether 
was then again distilled, b. p. 243—244°, m. p. 56°. No coloration 
was developed in alkaline solution in contact with air. The sub¬ 
stance crystallised from light petroleum has m. p. 56°, but when 
heated to about 200° and quickly cooled, the m. p. is 53°, changing 
in a week or two to 55°. Crystals, m. p. 56°, also change on keeping 
and the m. p. becomes 55°. Although these changes are small, 
the phenomenon is a real one. 

Ethyl -p-Methoxyphenyl Carbonate. —Ethyl chloroformate (95 c.c.) 
was added, with shaking and cooling in running water, to a solution 
of quinol monomethyl ether (124 g.) in water (300 c.c.) and sodium 
hydroxide (40 g.), and after 30 minutes the product was isolated by 
means of ether. The yield of a colourless, readily crystallising oil, 
b. p. 157°/17 mm., was 186 g. (93%). As traces of quinol mono¬ 
methyl ether might have been produced in the distillation, the 
substance was washed with 0-05A-sodium hydroxide, dilute hydro¬ 
chloric acid and water, and finally dried in a vacuum. The large, 
prismatic crystals had m. p. 21° (Found: C, 61*1; H, 6*2. C 10 H X2 O 4 
requires C, 61*2; H, 6*2%). This ester is rather stable, 5 minutes’ 
treatment with boiling 10% aqueous sodium hydroxide being 
necessary to effect complete solution. 

Ethyl Z-NiiroA-metlwxyphenyl Carbonate, 

0Me-C 6 H s (N0 2 )-0*C0 2 Et.— 

Nitric acid (25 c.c.; d 1*52) was added to a solution of ethyl 
^-methoxyphenyl carbonate (25 g.) in acetic acid (25 c.c.), and 
the mixture heated on the steam-bath until the onset of a vigor¬ 
ous reaction manifested by the copious evolution of red fumes 
and a rise of temperature to 103°. After being maintained at 
100° for 6 minutes, the liquid was cooled, water added, and the 
solid collected, washed, and dried (27*5 g. or 90%). The m. p. was 
66°, and was raised only to 66*5° by crystallisation from light 
petroleum (Found: C, 49*7; H, 4*9; N, 5*9. C x0 H xx O 6 N requires 
C, 49*8; H, 4*6; N, 5*8%). Slightly impure specimens are pale 
yellow and give a violet coloration with cold aqueous socLium 
hydroxide. 

3-A timA-methoxyphenol. —This substance, previously prepared by 
Klemene {Monaish., 1914, 35, 91) from its acetyl derivative, is best 
obtained in the following manner. A mixture of ethyl 3-nitro- 
4-methoxyphenyl carbonate (10 g.), sodium hydrogen carbonate 
!jWbrmethyl alcohol (17 c.c.), and water (17 c.c.) was boiled under 
15 mihutes, and the methyl alcohol then distilled from 
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the solution. The cooled, red liquid was acidified with hydrochloric 
acid; the yellow oil obtained quickly crystallised (6*7 g. or 95%). 
The m. p. was 97—99°, and 98—100° after crystallisation from 
benzene. The substance is dimorphous and when melted and 
suddenly cooled it solidifies to an orange mass which in a few seconds 
changes with a crackling sound to yellow needles. In one experiment 
the temperature rose to 99°. The phenomenon is readily observed 
in a capillary tube and the unstable modification appeared to melt 
at about 85°. The potassium salt of this nitrophenol immediately 
after drying is violet and readily soluble in acetone but, when kept 
for some days or ground in a mortar, it becomes crimson and spar¬ 
ingly soluble, even in boiling acetone. The whole point of the 
method adopted for the preparation of this substance resides in the 
avoidance of the use of powerful alkaline reagents in the hydrolysis, 
since the methoxyl in the o-position to the nitro-group is readily 
attacked, and even by hot sodium carbonate to an extent which 
would vitiate our results. 

3-Nitro-4:-ethoxyanisole. —2-Nitro-4-methoxyphenol (10 g.) was 
treated in alcoholic solution with potassium ethoxide (from 2*34 g. 
of potassium), and after the solvent had been evaporated the red 
potassium salt was dried at 130° in a vacuum for 2 hours. It was 
then mixed with absolute alcohol (50 c.c.) and ethyl iodide (9 c.c.) 
and heated in a pressure bottle at 100° for 3 hours. The alcohol 
was removed by distillation and the product washed with successive 
quantities of 1% aqueous sodium hydroxide and with water, 
collected and dried (10*3 g. or 86%). The crude product had m. p. 
38—39° and after crystallisation from methyl alcohol and from light 
petroleum the substance was obtained in short, yellow prisms, 
m. p. 39*5° and f. p. 39*0° after drying in a vacuum at 100° for 1 hour 
(Found: 0,54*6; H, 5*7; N, 7*2. C 9 H u 0 4 N requires C, 54*8; 
H, 5*6; N, 7*1%). 

2-NUro-i-ethoxyanisole ,—A solution of potassium ethoxide (from 
1*95 g. of potassium) in alcohol* (15 c.c.) was added to one^of 
3-nitro-4-methoxyphenol (8*45 g.) in alcohol (20 c.c.), and after the 
introduction of ethyl iodide (5 c.c.) the mixture was boiled under 
reflux for 1 hour; the original deep red colour had then given place 
to orange. The isolation was like that of the isomeride described 
above and there resulted 9-5 g, (95%) of yellow needles, m, p. 36— 
38*5°. The purest specimens had m. p. 37—39°, f.p. 38-4°, and were 
obtained by crystallisation from methyl alcohol and light petroleum 
(Found : C, 54*7; H> 5*8; N, 7*1 %). When quickly cooled from 

* In this case, the reaction is relatively facile and the use of ethyl alcohol 
is not disadvantageous. The ether was also prepared with methyl alcohol 
as the solvent. . r 
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100°, the substance melted sharply at 37°, but 1 hour later the 
m. p. was 37—39°. 

Freezing Points of Mixtures of 3 -Nitro -4c- ethoxyanisole and 2-Nitro- 
4:~etboxyanisole .—Although these substances have a rapid rate of 
crystallisation, this is not the case with mixtures of them, especially 
near the eutectic, and the f. p.’s are ascertained only with great 
difficulty. In some examples the time taken to reach the maximum 
temperature after crystallisation had begun was no less than 20 
minutes. Accurate standardisation of the procedure was therefore 
an urgent necessity. The external water-bath was contained in a 
Dewar vessel, and its temperature maintained 0*5° lower than that 
of the mixture. The mixture was supercooled T5°, nucleated from 
a trace of solid left on the thermometer stem, and stirred at the rate 
of 1 revolution per second. The temperature could be estimated to 
the nearest 0*02°. The eutectic could not be accurately located, 
since in this region a double f. p. was observed. The following 
mean values were selected, the first number of each pair indicating 
the percentage of 3-nitro-4-ethoxyanisole in the mixture: 0*0, 
38-4°; 7*8, 34*7°; 18*2, 28*0°; 25*4, 24*35°; 31*6, 21*25°; 38*1, 
17*5°; 40*75, 15*9°; 41*5, 14*15°; 43*1, 14*5°; 45*9, 12*1° (14*2°); 

48*0, 11-8° (14*1°); 50*6, 13*9°; 57*6, 19*1°; 63*3, 22*3°; 67*8, 

24*7°; 68*5, 25*2°; 75*7, 28*8°; 81*0, 31*1°; 84*3, 32*3°; 94*1, 

36*3°; 100*0,39-0°. 

As a confirmation a mixture was made of 3-nitro-4-ethoxyamsole 
(1*0643 g.) and 2-nitro-4-ethoxyanisole (0*6413 g.) and found to 
freeze at 21*9°. Prom the graph, 21*9° corresponds to 62*4% of 
the 3-mtro-isomeride (calc., 62-4%). 

Nitration of 4c-Ethoxyamsole. —Fiala ( Monatsh 1884, 5, 233) has 
prepared 4-ethoxyanisole and states that its m. p. is 39°. Using 
pure quinol monomethyl ether and ethyl iodide, b. p. 72*4°, we find 
that the crystallised product has m. p. 36—37°, b. p, 216—217°/754 
mm. (Pound: C, 70*9; H, 8*0. Calc.: C, 71-0; H, 8*0%). The 
nitric acid employed in the nitrations described in this communic¬ 
ation had d 1*42 and was distilled and freed from oxides of nitrogen 
by means of a current of air. The acetic acid also was purified 
and froze at 16°. A mixture of acetic acid (3 c.c.) and nitric acid 
(1*77 g.; 1 mol.) was gradually introduced by means of a capillary 
tube below the surface of a stirred solution of 4-ethoxyanisole 
(2*91 g.; 1 mol.) in acetic acid (6 c.c.) cooled to 4°. As no change of 
colour occurred, the temperature was allowed to rise to 6° after about 
10% of the acid had been added. A yellow colour developed and 
the mixture was then cooled to 0—1° and the remainder of the nitric 
added during 20 minutes, after which stirring and cooling at 0° 
r Sf%|aaalBtained for 20 minutes. The temperature was then allowed 
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to reach 10° for 5 minutes, A further molecular proportion of 
nitric acid dissolved in acetic acid (1*5 c.c.) was introduced with 
similar precautions, and the mixture at 0° was then diluted with 
water (60 c.c,) at 2°. After being stirred for a few minutes, the 
mixture was kept for an hour. The oil had solidified and the clear 
supernatant liquid could be siphoned away without loss of the 
product. The material was then washed successively with water 
(20 c.c.) at 30°, twice with very weak aqueous sodium bicarbonate 
(10 c.c.) at 30°, and finally thrice with water at 30°. In each case 
stirring was resorted to and the washings were removed after 
solidification of the oil by cooling to about 5°. After drying to 
constant weight (3*565 g., 94*6%) in a vacuum, the specimen (a) was 
prepared for determination of the f. p. by heating in a vacuum at 100° 
for 30 minutes (Found: N, 7*2. Calc. : N, 7*1%). Further 
nitrations of 5 g. of 4-ethoxyanisole in an identical fashion gave 
6*28 g. ( b; 97%) and 6*23 g. (c; 96%) of the mixed isomerides. 

The results of analysis are set out in the following table. 


Speci¬ 

men. 

Grams of 
mixture 
taken. 

Weight of 
3-nitro- 
isomeride 
added. 

F. P . 

% of 3-nitro- 
isomeride 
indicated. 

% of 3-nitro- 
isomeride in 
the nitration 
product. 

(a) 1 

2*6640 

0 

21*8° 

62*2 

62*2 

2 

-— 

1*4448 

28*6 

75*5 

62*1 

(b) 1 

3*6087 

0 

21*95 

62*4 

62*4 

2 

— 

1*5058 

27*7 

73*5 

62*4 

3 

2*4048 of 

2*2597 

33*5 

86*5 

62*9 

(c) 1 

last mixture, 
f. p. 27*7° 
3*2733 

0 

21*9 

62*4 

62*4 

2 

— 

0*9945 

26*4 

70*9 

62*1 

3 

— 

1*6532 

28*4 

75*0 

62*4 


Mean 62*36 


In order to ascertain what change of composition, if any, was 
entailed in the isolation processes, a mixture of the isomerides, 
f. p. 23*2°, was dissolved in the appropriate quantities of nitric and 
acetic acids so as to imitate the result of an actual nitration. Isola¬ 
tion and washing were carried out as described above, but before 
drying the whole series of operations was repeated. The dried 
material then froze at 23*4°. Two such treatments therefore only 
change the f. p. by 0*2° and if it is assumed that one isolation process 
raises the i p. by 0*1°, the corrected composition of the product of 
nitration is 62*2% of the 3-nitro-isomeride and 37*8% of the 2-nitro- 
isomeride. Hence the directive power of ethoxyl relative to 
methoxyl (100) is 163 in the quinol series. 

3 -NitroA-propoxyanisole, 0Me*C 6 H 3 (N0 2 )'0Pr tt .—The propyl 
iodide employed in the preparation of this substance and of its 
isomeride had b. p. 101*2—101*7° (Found: I, 74*7, 74*7. Calc.: 
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I, 74-7%), and the. propyl alcohol also was fractionated—b. p. 
96*9—97-9°. 

A mixture of 2-nitro-4-methoxyphenol (16-9 g.), potassium 
propoxide (from 3-85 g. of potassium), propyl iodide (20 c.c.), and 
propyl alcohol (50 c.c.) was boiled under reflux for 11 hours. The 
solvent was then removed in a vacuum at 100°, and the residue 
yielded to ether 10 g. (48%) of a dark brown liquid, m. p. 10-22°. 
This boiled at 127° under less than 1 m m. pressure and the clear 
yellow distillate had m. p. 10-35°. Repeated crystallisation from 
methyl alcohol at —15° raised the m. p. to the constant value of 
10-7° (Found: 0, 56-9; H, 6*4; N, 6*6. C 10 H 13 O 4 N requires 
C, 56*9; H, 6-2; N, 6*6%). In a second experiment, exactly the 
same results were obtained. 

Attempts to improve the above process by employing the silver 
salt of the nitrophenol in place of the potassium salt were wholly 
unsuccessful. The silver salt of 2-nitro-4-methoxyphenol was 
prepared from the sodium salt and silver nitrate in aqueous solution. 
The material was dried in a vacuum (Found : Ag, 39-4. C 7 H 8 0 4 NAg 
requires Ag, 39*1%) and was remarkably stable towards alkyl 
iodides. Boiling methyl and ethyl iodides produced no effect in 
10 minutes, and the action of boiling propyl iodide alone for 12 
hours or in solution in ether, benzene, ethyl acetate, methyl, ethyl 
or propyl alcohol also gave negative results or very poor results. 

2-Nitro-4r-propoxyanisole .—This ether was obtained in 85% yield 
by the usual method applied to a methyl-alcoholic solution boiling 
during 12 hours. In all such processes the solvent chosen should 
be such that alcoholysis of alkyloxy-groups in the o- or ^-positions to 
nitroxyl cannot introduce impurities. The pure substance, crystal¬ 
lised from methyl alcohol and from light petroleum, has f.-p. 32-0° 
(31*98° in a second preparation) (Found : C, 57*0; H, 6*4; N, 6*7%). 

Mixtures of 3-NitroA-propoxyanisole and 2-Nitro-4c- , propoxyanisole. 
—The following values of the f. p.'s were employed for the construc¬ 
tion of a graph, and the first number of each pair indicates the 
percentage of 2-nitro-4-propoxyanisole in the mixture: 100-0, 
32*0°; 95*9,30*55°; 92*6, 29*5°; 86-5,27-45°; 80*5,25*1°; 74-9, 
22*9°; 68*6, 20*2°; 63*7, 18*0°; 57-5, 15*0°; 53*1, 12*8°; 48*0, 
10*35°. The readings for the mixtures containing less than 48% 
of the 2-nitro-isomeride were too indefinite to be of practical value. 

Nitration of 4c-Propoocyani$ole. —4-Propoxyanisole (Fiala, Monatsh ., 


1884, 5, 234) was obtained in 85% yield in the usual maimer and 
has b. p, 135°/15 mm. and m. p. 26—27°. The nitration was carried 


K recisely the same way as that of 4-ethoxyanisole but, as the 
was a liquid at 0°, it was necessary after the washings to 
ie complete settling of the droplets before removing the 



. OJF GROUPS OB’ THE EORMS HO AND RR'k, ETC. PART HC. 399 

supernatant fluid. The washed product was siphoned with the 
aid of methyl alcohol through a Pregl micro-filter into a weighed 
tube, and the methyl alcohol and water were removed by a current 
of filtered air at 50° and finally at 110° in a vacuum. In two 
experiments (a) and ( b) the yields were 97% and 98%, respectively 
[Found in (a ): N, 6*7. Calc. : N, 6*6%]. The results of the 
analysis are tabulated below. 


Speci¬ 

men. 

Grams of 
nitration 
product. 

Weight of 
2-nitro- 
isomeride 
added. 

E. p. 

% of 2-nitro- 
isomeride 
indicated. 

% of 3-nitro- 
isomeride in 
the nitration 
product. 

(a) 1 

1*1478 

0-6043 

15-1° 

58*0 

64-1 

2 

— 

1*0971 

19*5 

67-1 

64-3 

3 

— 

1*6141 

22-25 

73-2 

64-5 

(6) 1 

1*0771 

0*6128 

15-6 

58-9 

64-5 

2 

— 

0-9326 

18-85 

65-6 

64-2 

3 

— 

1*2782 

21-05 

70-5 

64*5 


Mean 64*35 


As a check the following experiment was carried out. A mixture 
of 2-nitro-4-propoxyanisole (1*5173 g.) and 3-nitro-4-propoxyanisole 
(0*5560 g.) containing 73*2% of the former isomeride was made and 
this was found to have frp. 22*25°, agreeing with the value read from 
the graph. This mixture (0*6 g.) added to that {a 3) of the same 
f. p. mentioned in the above table (TO g.) gave a product, f .p. 22*25°. 

Corresponding to the above results, the directive power of the 
n-propoxy-group in the quinol series is 180. 

3-Nitro-4:-j)-nitrobenzyloxyanisole .—2-Mtro-4-methoxyphenol (T06 
mols.), potassium propoxide (1*04 mols.), and p-nitrobenzyl 
bromide (1 mol.) were employed in the preparation of this substance 
in boiling propyl-alcoholic solution. The yield was 98% of the 
theoretical calculated on the p-nitrobenzyl bromide employed. 
The substance crystallises from benzene in yellow needles, m. p. 
153°, f. p. 152*8° (Found: 0, 55*3; H, 4*0; N, 9*2. C 14 H 12 0 6 N a 
requires C, 55*2; H, 4-0; N, 9-2%). 

2-NitroA-^-nitrobenzyloxyanisole was prepared in the usual 
manner in methyl-alcoholic solution and the yield was 96%. After 
recrystallisation from benzene, the substance was heated at 100° 
for an hour; it then melted at 120—125° with sudden evolution of 
benzene. After heating in a vacuum at 130—135° for 30 minutes 
in a slow current of air, the substance melted at 123*5° and froze 
at 123*0° (Found : 0, 55*3; H, 4*3 ; N, 9*2%). The compound is 
more sparingly soluble in benzene than its less fusible isomeride. 

Mixtures of Z-NitroA-^-nitrobenzyloxyanisole and 2-NitroA- 
ip-nitrobenzyloxyanisole. —The outer bath of the cryometer was a 
large beaker of sulphuric acid. The following values of the f. p. 
were employed in the analysis below and the first number of each 
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pair represents the percentage of 2-nitro-4-p-nitroben2iyloxyanisole 
in the mixture: 100-0, 123-0°; 93-9,120-25°; 87-9,117-5°; 83-65, 
115*65°; 78*2, 112-95°. The corresponding curve is almost a 
straight line. Nearer to the eutectic it was not found possible to 
obtain concordant readings, but the following mean values indicate 
the form of the curve : 74-25, 111-5°; 70-2, 109-9°; 67-6, 109*0°; 
66-7,108-4°; 59-8,111-6°; 55-7,114*4°; 49-4,123-0°. 

4 - p - N itrobenzyloxyanisole .— p - Methoxyphenol (1 *05 mols.), 
potassium hydroxide (1-02 mols.), and ;p-nitrobenzyl bromide 
(1 mol.) in boiling methyl-alcoholic solution gave a 95% yield of the 
ether. The substance is sparingly soluble in cold methyl or ethyl 
alcohol, readily soluble in benzene, and crystallises from ethyl 
alcohol in large, yellow prisms, m. p. 87*5° (Found : C, 64-7; H, 5*1; 
N, 5*4. C 14 H 13 0 4 N requires C, 64-8; H, 5-1; N, 5-4%). 

In view of the interest which has been evinced in regard to the 
bright yellow colour of nitroquinol dimethyl ether, it should be noted 
that this quinol methyl p-nitrobenzyl ether is more intensely 
coloured than either of the nitroquinol methyl p-nitrobenzyl ethers. 
This clearly indicates that the colour of nitroquinol dimethyl ether 
is due, not to any quinonoid rearrangement, but to the interaction 
of the ^-dialkyloxybenzene nucleus and the nitroxyl functioning 
independently. The direct attachment of the nitro-group to the 
quinol nucleus depresses its reactivity and should have a batho- 
chromie effect. 

Nitration of 4-jy-Nitrobenzyloxyanisole. —A mixture of acetic acid 
(12 c.c.) and nitric acid (12 c.c.; d 1-42) was added in one portion 
to a well-stirred solution of 4-p-nitrobenzyloxyanisole (3-0 g.) in 
acetic acid (30 c.c.). The temperature remained at 22° for 30 
seconds, then rose to 25°, and the product began to crystallise. 
Water (150 c.c.) was added after 15 minutes, and the solid collected 
after 30 minutes and washed with water. The material (a) was 
dried at 80—90° for 10 hours and then weighed 3-45 g. (98%) 
(Found : N, 9-3. Calc.: N, 9-2%). A second specimen ( b ) w r as 
similarly obtained by nitration at 15—20° in 99% yield, and a third 
(e) by nitration at 16—21° in 99% yield. 


Speci¬ 

Weight of 
nitration 

Weight of 
2-nitro- 
isomeride 


% of 2-nitro 
isoraeride 

% of 2-nitro- 
- isomeride in 
nitration 

men. 

product. 

added. 

F. p. 

indicated. 

product. 

(«, h c) 

— 

‘ — 

(109—110*5°) 

—'■ 

(68—72*5) 

(«) 

0-7201 

0*8143 

117*2° 

87-1 

72*5 

— 

1-4556 

119*0 

91*0 

72*8 

lit 

1-1561 

0*9747 

116*25 

85*2 

72-7 

L ■" ■ ■ 


1*7854 

118*1 

89*2 

72*5 


1-0287 

0-8636 

116*0 

84*6 

71-7 
Mean 72*4 
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A mixture of 2-nitro-4-p-nitrobenzyloxyanisole (0*9930 g.) and 
3-nitro-4-p-nitrobenzyloxyanisole (0-1808 g.) contains 84-6% of 
the 2-nitro-isomeride and has f. p. 116*0°, confirming the graph in 
that region. When 1*17 g. of this mixture was added to 1*4 g. of the 
mixture (from c) given in the above table as of f. p. 116*0°, thef. p. 
was 116*0°. From the above data it appears that the directive 
power of the p-nitrobenzyloxy-group in the quinol series is 38. 

An error of 0*1° in the f. p. causes an error of 0*2 in the percentage 
obtained from the graph and one of 0*4 in the calculated percentage 
composition of the mixture. In the case of ethoxyl an error of 0*1° 
in the f. p. produces an error of 0*27—0*3 in the calculated percentage 
composition of the nitration product, and in the case of propoxyl an 
error of 0*1° in the f. p. would cause an error of 0*24 in the percentage 
composition read from the graph and an error of 0*5 in the calculated 
percentage composition of the nitration product. 

The authors wish to express their gratitude to the Royal Com¬ 
missioners of the Exhibition of 1851 for a scholarship which enabled 
one of them to take part in the research, and also to the Chemical 
Society for a grant which has defrayed a part of the cost of the 
materials employed. 

The University, Manchester. [Received, December 19 th, 1925.] 


LII .—The Relative Directive Powers of Groups of 
the Forms RO and RR'N in Aromatic Substitu¬ 
tion. Part IV. A Discussion of the Observations 
Recorded in Parts I, II, and III . 

By James Allah, Albert Edward Oxford, Robert Robinsox, 
and John Charles Smith. 

Ik order to avoid misconception as to the point of view adopted as a 
working hypothesis in this series of memoirs, a brief discussion of the 
fundamental principles is necessary* 

It is recognised that certain ions, for example, those from sodium 
chloride, exhibit a high affinity for their charge and are relatively 
inert in the matter of co-valency formation, whereas other ions, for 
example, those from hydrogen cyanide or benzenediazonium 
hydroxide, have an intrinsic lower affinity for their charge and are 
active in the production of new bindings by co-valency. In effect, 
the former class are chemically inactive, the latter class active and, 
following Abegg and Bodlander, Kauffmann and Briggs, we can 
recognise in the two types diffuse and intense valency fields respee- 
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tively. Lapworth has recently contributed a valuable classification 
of reagents as anionoid or kationoid according as they behave in the 
same way as active negative or positive ions (Paper read at the 
Manchester Literary and Philosophical Society on March 3, 1925; 
see abstract, Nature , 115, 625). Ethylene, butadiene and benzene 
are anionoid, their active free valency has a negative polar character, 
and it is obvious that the ethers and a m i n es are even more 
definitely anionoid. The systems which one of us has called crotenoid 
(Robinson, J. Soc. CJhem. 2nd., 1925, 44, 456) are strongly anionoid, 
the natural character of the unsaturated carbon being reinforced 
by direct union with an onium element. Lapworth points out that, 
when ethylene polarises, the implication is that the unsaturated 
carbon with a positive charge is in the more natural or stable con¬ 
dition and is surrounded by a diffuse field. The active unsaturated 
carbon with a negative charge is in a less natural condition, and this 
is justly held to be related to the observation that, except C 2 H,* 
no hydrocarbon radicals have been observed to occur with a negative 
charge in Thomson’s vacuum tube experiments. Independent of 
these acute comparisons, the development of the theory of crotenoid 
systems (Decker, Ber., 1905, 38, 2893; Hamilton and Robinson, 
J., 1916, 109, 1029; Robinson, ibid., p. 1038; Mem. Manchester 
Phil . Soc. 9 1920, 64,4; Robinson and Robinson, J., 1917, 111, 958; 
1918,113,640; Kermaek and Robinson, J., 1922,121,427) required 
the assumption that the reactive carbon atoms in phenols and amines 
and their derivatives acquire a negative charge in the course of 
polarisation, the postulated precedent of all reactions. In the case 
of a phenol ether the mechanism of activation is represented by the 
annexed expressions. 


(a) 


R- 


a/ 

-O-/ 


\ 

0 - 


-/ 


/ 



CO 

The oxygen, by means of its free electrons, increases its co¬ 
valency with the ring C a (process a). C a recovers its normal co¬ 
valency by giving up correspondingly electrons to Cp (process 6) 
(o-substitution) or by relinquishing C a Gjs co-valency electrons to 
CjgGy (process c). G y must then relinquish C y Cs co-valency electrons 
to the sole use of C$ (process d) (^-substitution). In the activated 
form the oxygen is positively charged and is exhibiting oxonium 
character, a r6le in which it far more closely resembles, in its general 

— -r 

, the satisfied ions (01, Na) than does the negatively charged 
As usual, a group derived from acetylene is exceptional. 
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carbon atom. The latter is intensely reactive and easily forms new 
co-valencies (compare J. Soc. Chem. Ind. } loc. cit , for the details of 
the mechanism of diazo-coupling on this hypothesis). This type 
of activation involves the displacement of electrons in a particular 
direction, e.g ., from left to right in the figures. Furthermore, since 
the oxygen acquires a smaller negative charge or an actual positive 
charge, the process must be the more facile the more highly nega¬ 
tively charged is the oxygen atom before the activation. This 
explains the descending order of reactivity in the series : 



and in the series : 

Me 2 N-</ 0=CMe—NH-<^, Br{Me 3 N-<^. 

In the acetoxy- and acetylamino-groups, conjugation gives the 
atom attached to the nucleus a positive charge (compare Ray and 
Robinson, J., 1925,127,1618). It remains to add that the aromatic 
nucleus has a special stability of its own which Armit and Robinson 
(J., 1925,127,1604) consider to be due to the possession of a stable 
electronic structure, the aromatic sextet. Electronic displacements 
are resisted by the sextet and it is a fact that the activation of a 
benzenoid centre in conjunction with any external group is feeble 
compared with that of an ethenoid complex in similar circumstances. 
Thus nuclear alkylation by the action of an alkyl halide on a croten- 
oid base occurs only with the more active aromatic systems. In 
the course of this investigation our views on the part played by the 
phenomenon of conjugation in organic chemistry have been more 
clearly focussed and it now appears possible to classify conjugated 
systems without arbitrary assumptions. Among the unit reactive 
groupings from which more complex structures may be derived, 
especial interest attaches to the highly unsaturated centres * 
typified by C—C, C~0 (CEEN, N=0, etc.), and -0- (-NR-). 
Of these, C=0 alone is kationoid. Certain groupings, C—R, to 
which definite conditions are attached, must be included. Com¬ 
bining the unsaturated groups two at a time in every possible way, 
we get: 

Cx Cx 

(1) C=C—C=C; butadienoid; polarisation—+|C—-C—~C=C[—; 
reactivity—anionoid. 

Examples are isoprene, aromatic hydrocarbons. 

* Certain special structures (ketens, acetylenes) are not considered and 
it is not suggested that the classification is a complete one. 
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rx rx 

(2) C—C—0=0; crotonoid ; polarisation-b |C—C—C—01 — ; 

reactivity—kationoid. 

Examples are methylenemalonic ester, mesityl oxide. 

>0 xl, 

(3) C=C—0—; crotenoid ; polarisation-|C=C—0—1+; re¬ 

activity—anionoid. 

Examples are ethyl (3-aminocrotonate, dimethyl aniline, resorcinol. 

(4) —O—C=0; neutralised system; polarisation— 

cx rx 

+ |—o—c=01—; 

reactivity—feebly kationoid at C and special characters (see below). 
Examples are esters, amides, dianisylideneacetone. 

(5) 0=C—C=0, quinonoid, and (6) —0—0—, peroxidic, are 
heterogeneous systems which we do not propose to discuss. 

Many more complex combinations of the unsaturated units are 
possible and especially it will be recognised that all the systems 
may be expanded by the inclusion of further C=C groups. In 
addition there are derived forms of which the following are the most 
important. 

(7) 0=C—C—X, where X is an atom or group independently 
capable of separating with a positive charge; semi-crotonoid ; 

>0 >o 

polarisation— —JO—C—C—X|+; reactivity—dissociation; often 
followed by rearrangement of the negative ion and anionoid 
character exhibited by the carbon atom previously joined to X. 
The process is analogous to the dissociation of a carboxylic acid. 

Examples are acetone, 2 :4-dinitrotoluene, ethyl a-bromoaceto- 
aeetate. 

(8) C=C—C—Y, where Y is an atom or group independently 
capable of separating with a negative charge; aUyloid ; polarisation— 

rx r x 

+|C=C—C—Y[—; reactivity—kationoid. 

Examples are phenyl allyl ether (Claisen and Tietze, Ber t> 1925, 
58, 275), geraniol. 

rx rx 

(9) 0—C~y occurs in MeO’CB^Cl, etc. 

The General Polar Effect .—Conjugation occurs by virtue of 
electronic displacements which produce an alternating polar effect* as 

—4 —. -}—, 

. ' * An alternating polar effect in a chain ABODE does not mean and 
never has meant either to Lapworth or to Robinson that the atoms are 
alternately positively and negatively charged. The phrase is taken to imply 
/.evidence-exists that in certain reactions, due to separate polarisations, 
B may exhibit anionoid character and, on the other hand, one of 
wws B or D may exhibit kationoid character* The alternation of 
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an inevitable consequence of the laws of valency operating in relation 
to changes in co-valency. Electronic displacements which do not 
involve co-valency changes require no alternation and may be 
continuous but diminishing in degree along a chain (compare 
Lapworth and Bobinson, Nature , 1923, 112, 722). Such displace¬ 
ments should occur in almost all types of molecules and will be 
propagated by electrostatic induction (Lewis, J. Amer. Chem. Soc., 
1916, 38, 762; “ Valence and Structure of Atoms and Molecules,” 
pp. 84, 143; Thomson, Phil. Mag., 1923, 46, 497; Lowry, Trans. 
Faraday Soc., 1923, 18, 293; Lucas and Jameson, J. Amer. Chem. 
Soc 1924, 46, 2475). We concur * with Lucas and Moyse (ibid., 
1925, 47, 1459), for instance, in their application of the theory to 
the case of the addition of hydrogen bromide to A 2 -pentene. The 
general effect of charged centres is obvious and Thomson (loc. cit.) 
has suggested both practical and theoretical methods of estimating 
the disposition of electrostatic doublets in various types of atomic 
combinations. In addition, the general effect of a group B can 
often be estimated by a consideration of the strength of the acid 
B*C0 2 H. All the evidence goes to show that hydrogen has a greater 
attraction for electrons than has the methyl group; we shall find it 
more convenient to express this statement in the converse form. 
This effect is represented, as in former cases (Malkin and Bobinson, 
J., 1925, 127, 370), by a straight arrow showing the direction in 
which the electrons are displaced. As an example of the interaction 
of the two types of electron displacement, we consider the carboxylic 

>o >o 

acids B'COgH. The polarisation 0=C—OH proceeds until the 

positive charge f on the hydroxyl oxygen increases to such an extent 
that the proton is weakly held and can be removed by solvent 
molecules. The two oxygen atoms then divide the negative charge 
and assume identical functions. The displacement (a) is clearly 
the more fundamental process, but (6) is, however, a necessary 

stable and less stable octets was suggested by Kermack and Robinson (loc. 
cit.) as a possible, admittedly speculative, explanation of the tendency under¬ 
lying the exhibition of this property. This suggestion was never intended to 
be regarded as a mechanism of activation, for which Kermack and Robinson 
retained an electronic translation of the theory of partial dissociation of 
conjugated complexes as developed by Robinson and Robinson (loc. cit.). 

* Except, naturally, in considering that clear cases of the operation of 
continuous electron displacement dispose of the necessity for recognising the 
other type of displacement which occurs in conjugated systems. 

t Positive and negative are taken to mean also less negative and less 
positive respectively* Similarly, a smaller attraction is relatively a repul¬ 
sion, and vice versa. 
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accessory in providing a means of adjustment of the disturbed 
co-valency of the carbon atom. 

Contrasting R—— C ^0H it is apparent 


that the group R in repelling electrons competes with OH and 
to some extent inhibits the process (a), whilst the opposite is 
true of a group R/ which attracts electrons. Thus R/*C0 2 H is 
a stronger acid than R*CG 2 H. The case of the phenols is simpler 
and again R'*OH should be a stronger acid than R*OH. Conju- 



is also a factor, weakening an acid. 


This system 


does not exclude the consideration of the effect of a steric factor * 
(Fliirscheim, J., 1909, 95, 718) and is in excellent agreement with 
the available data. 

The whole of the foregoing can be independently justified and we 
proceed to consider how these principles apply to the results recorded 
in the preceding communications. 

In the ethyl ether of guaiacol we have the condition 



H-CH 2 - 

CH 3 —>CH. 


because the methyl group exercises a greater repulsion on electrons 
than hydrogen does. Therefore the polarisation of the crotenoid 
system, including the oxygen of the ethoxyl group, is facilitated as 
compared with the other system, not represented, which includes 
the oxygen of the methoxyl group. It follows that ethoxyl should 
have a higher directive power than methoxyl f (Found : EtO, 135; 
MeO, 100), The substitution of methyl for a second hydrogen atom 
should still further increase the directive power (Found : Pr^O, 
150). It is very interesting, however, that in the catechol series 
EtO, among w-alkyloxy-groups, appears to reach a maximum 
directive power (Found: EtO, 135; PrO, 128; n-C 4 H 9 *0, 123). 
This phenomenon we regard as due to the fact that as the chain 
lengthens a greater proportion of the general effect is distributed 
over the molecule and a smaller proportion, therefore, is effective 
through the attached atoms of the chain. Thus the ratio Directive 

* Possibly also an electrical effect exercised across the intervening space 
:rather than through the chain. 

case of OR itself as against OMe cannot be considered on «inrvUfl,r 
account of the possibility of ionisation or removal of the proton from 
" rtfee reag^at. 
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power RO/Directive power MeO can be expressed as y + a/x -f- a* 
where R is a higher alkyl group, y is its directive power apart from 
a; a; is the directive power of methoxyl apart from a, a is a quantity 
depending on the general polar effect of the excess methylene groups 
in R — Me and is that portion of the effect which, owing to its distri¬ 
bution over the molecule, goes to assist the polarisation of the 
crotenoid system, including the oxygen of the methoxyl groups. 
As a increases, the ratio will approach some min im um value greater 
than 1. Our results can be interpreted on the assumption that the 
terminal methyl group of a w-propyl group exercises a general effect 
which is largely distributed over the molecule and only to a small 
extent transmitted through the attached chain. In the series of 
catechol experiments it is important to observe that the general 
effect must assist both conjugations, and the interest of parallel 
experiments in the quinol series is that this is no longer true. Thus 



it is clear that the conjugations of the crotenoid systems themselves 
involve electronic displacements in opposing directions. The 
argument used in the catechol series still holds; ethoxyl should 
have a greater directive power than methoxyl, but if a portion of the 
general effect of the additional CH 2 of the ethoxyl is distributed, 
we can write : Directive power of EtO/Directive power of MeO = 
y ' + a'Ix' — a\ It might accordingly be anticipated that ethoxyl 
would have a higher relative directive power in the quinol than in the 
catechol series (Found : EtO in catechol series, 135; EtO in quinol 
series, 163). Furthermore, as a' increases, the value of the ratio 
(y' + <&')/(#' — a') must also increase, and the theory, which predicts 
a lower value for FrO as compared with EtO in the catechol series, 
also requires in the quinol series that Pr a 0 should be greater than EtO 
(Found: Pr a O in quinol series, 180). In the benzyl ether of guaiacol 
we encounter one of the postulated conjugated systems (allyloid); 


B 

u2 

rx 0 

./On 


o X 


H CH 2 - 


"v ./■ 


■ \/ : 

* The form of this expression is justified if x, y, a are taken as representing 
the number of occasions in unit time on which the different factors concerned 
lead to effectual polarisations* 
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In such a case the whole chain is not to be regarded as om con- 
jugated system. The allyloid system * tends to assist the oxygen 
atom to acquire a negative charge, and this assists the related 
crotenoid system to function f (Pound : CH 2 Ph*0,113; MeO, 100). 

In the m-methoxybenzyl group (directive power, 92), the methoxyl 
group has the general effect anticipated on the basis of Thomson’s 
deductions concerning the situation of electrostatic doublets, and 
the whole group exercises less repulsion on electrons than the methyl 
group does. This is far more pronounced with m- and p-nitro- 
benzyloxy-groups (directive powers, 67). The identity of the 
directive powers of these two groups was unexpected and led us to 
adjust our views on conjugation in the direction now indicated. It 
must not, however, be hastily concluded that the nitro-group 
produces no alternating effect, even in these experiments, since the 
fact that p-mtrobenzoic acid is slightly stronger than the m-isomeride 
indicates a weak alternate effect. In the m -nitrobenzyloxy-group, 
we might have a slightly stronger general effect and a weaker 
alternating effect (crotonoid-type) than in the p-nitrobenzyloxy- 
group, and these small variations may balance. However this may 
be, the results show that if the nitro-group does produce an alternat¬ 
ing effect it must be a very small one and this is normal because the 
reaction examined is one in which the substance exhibits anionoid 
character and conjugation of nitroxyl with the aromatic nucleus 
leads to the exhibition of kationoid properties. In the catechol 
series, for a group like the p-mtrobenzyloxy-group we have: Directive 
power of group/Directive power of MeO = (z b)/(x — b ) and in the 
quinol series the ratio becomes (z' — b')/(x r + b'). Thus in the 
quinol series such a group should have a smaller relative directive 
power than in the catechol series (Found for the p-mtrobenzyloxy- 
group : in the catechol series, 67; in the quinol series, 38). In 
connexion with these deductions, it is important to notice that there 


* It should be noted that the distribution of affinity in the butadienoid, 
crotenoid and allyloid systems on our electronic basis coincides with the 
requirements of Flurseheim’s theory, but this is not the case in the crotonoid 
and semi-crotonoid types. 

f The occurrence in some substances of quite complex combinations of 
general and alternate effects can be foreseen. Thus p-isopropoxybenzoic 
acid should be weaker than anisic acid or even than p-w-propoxybenzoic 
acid: 



./ (a) OH 



we have a general effect reinforcing a crotenoid system the polarisation 
produces a general effect (a), or a conjugation effect (b), or both; 
inffuencing the carboxyl as explained above. 
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are no side reactions to complicate the issue and that in all cases 
we have measured the whole effective directive power of the groups 
concerned. Consequently the small differences between x and x l , y 
and y\ and z and z' are not likely to affect the validity of our con¬ 
clusions. We do not claim that the interpretation is more than an 
approximation to the truth. 

The point of view now adopted is one from which the general 
problem of orientation in aromatic substitution can be surveyed and 
we regard it as necessary to approach the subject nf the following 
stages, which are of diminishing importance. 

(1) Consideration of the circumstances of the reaction and 
especially whether the reagent is anionoid or kationoid. 

(2) Consideration of the conjugated systems. 

(3) Consideration of the general effect of attached groups on 
the conjugated systems. 

We will confine ourselves to the cases such that there is no attached 
group conjugated with the nucleus and the reagent is kationoid 
(Br 2 , HN0 3 , etc.). In other words, we contemplate a normal 
benzenoid (butadienoid) system exhibiting anionoid character and 
wish to deduce from fundamental principles the nature of the effect 
of attached groups. In the case of a group, A, which repels elec¬ 
trons more than hydrogen does we have the arrangement (I). Here 
the crowding of electrons 


A B C 



Case I. Case II. Case III. 


round C a will facilitate, by repelling C a Cp co-valency electrons, 
the polarisation of that particular butadienoid system which starts 
with C a . The electron will be captured by Cp (process a ; ^sub¬ 
stitution) or, if not, a C a C^ co-valency electron will become a CpG y 
co-valency electron (process b). Gy, to recover its normal co-valency, 
must then correspondingly relinquish an electron to Os (process c; 
jp-substitution). An alternative statement is that the ring carbon 
atom around which the density of electrons is greatest most easily 
becomes the positive end of a conjugated polarised complex. The 
applications will be obvious—toluene and tert. -butylbenzene are in 
the same category. In the case of a group B, which has a strong 



410 THE RELATIVE DIRECTIVE POWERS OE GROUPS, ETC. PART IV. 

attraction for electrons (II), it is easy to see in a general way that 
the circumstances are reversed, but in order to make the argument 
clear we take an extreme instance such that B has a definite positive 
charge. The electrical field emanating from B then produces 
positive electrification in diminishing degree over the portion of the 
molecule represented. One consequence is that all displacements 
of electrons in activation will tend to be towards B, and this inhibits 
para-substitution. Of all the remaining possible displacements 
(a, b, c, d 3 e), that indicated by (a) is the most likely to lead to 
reaction, because reaction depends on the acquirement of a negative 
charge and of * all the carbon atoms which can be activated C y has 
the smallest positive charge. A less degree of electron displacement, 
therefore, will activate C y than will suffice for Cg. In order of 
preference we find in this case m-substitution, o-substitution, 
^-substitution, whilst displacement of the group B is also possible. 
An alternative statement is that the carbon atom (Cg) furthest 
removed from the positive charge is least positive or most negative 
and most easily acquires a more positive charge and therefore most 
readily functions as the positively charged end of a polarised 
ethenoid or butadienoid complex. We cannot lay down any rules 
in regard to the required strength of the positive charge on B. The 
nitrogen of the nitro-group is positively charged if we accept the 

formulation =6— lk—b — in which each line represents an electron 
pair and it would appear that this group is effective even when 
separated from the nucleus by one carbon atom (Holleman, Bee. 
trav. chim ., 1895,14,121). 

Substitution in the m-position might also occur in a benzyl- 
ammonium ion. 

The carbon atoms of the carboxyl, carbonyl and trichloromethyl 
groups can also be regarded as positively charged on the basis of 
independent evidence. This theory seems to harmonise better 
than any other which has been advanced with the facts of substitu¬ 
tion in polycyclic aromatic groups, but a separate discussion of this 
subject is necessary. In the case of a group C (III) which in some 
phases attracts and in others repels electrons we anticipate pre¬ 
dominating ©-^-substitution because the phase in which electrons 
are repelled provides a favourable opportunity for activation 
leading to anionoid character, whereas the other phase in no way 
contributes to activation and in fact inhibits it. 

In the case (I) a negative charge is distributed over the nucleus 
md anionoid character is intensified, leading to ready reaction, 
Ml %hIM in case (H) the distributed positive charge inhibits the 
|||l®33iMon of anionoid character. We can in fact estimate the 
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approximation of a group X to the types A or B by observing 
the ease of substitution of X-Ph as compared with that of 
benzene. 

The University, Manchester. [Received, June l&th, 1925.] 


LIII .—The Relative Directive Powers of Groups of 
the Form RO and RR'N in Aromatic Substitution . 
Part V. The Nitration of ethoxy diphenyl 

Ether . 

By Thomas Bussell Lea and Bobert Bobinsok. 

The three methoxydiphenyl ethers were prepared with the object 
of examining quantitatively the products of their fission by potass¬ 
ium, but the reaction proved to be a complex one and its study was 
deemed unlikely to furnish the desired information. In the course 
of our experiments, however, an observation was made which has a 
direct bearing on the subject of the present series. ^-Methoxy- 
diphenyl ether yields a single nitro-derivative (I) the constitution 
of which follows from its hydrolysis to o-nitro-^-phenoxyphenol (II). 

m 2 xo 2 

(L) Ph0/~\0Me PliO/~\OH (H.) 

This proves that the directive powers of phenoxyl and jp-methoxy- 
phenoxyl are small compared with that of the methoxyl group and 
the result is in harmony with the theoretical conceptions outlined 
in the preceding memoir. The weak directive powers of the acyloxyl 
and phenoxyl groups are undoubtedly due to the same cause, namely, 
that the oxygen atom is conjugated on both sides. 

\Q -o O 

V >orx rx \ >orx V 

\- 0 -CMe=0 y —-6—/ 

Using the electrical conductivity analogy, the effect has been 
described as a “side tracking by a neighbouring system of high 
capacity ” {Chemistry and Industry , 1925,44,118). On Murscheim’s 
theory of alternating affinity demand, a similar explanation of the 
weakness of the phenoxyl group could be elaborated, but a consistent 
application of this hypothesis would appear to suggest that the 
acetoxyl group should have a strong directing influence. Yet 
o-methoxyphenyl acetate is nitrated exclusively in the para-position 
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with respect to the methoxyl group. The following scheme illus¬ 
trates this contrast: 



Effect of COM© on 
nucleus. 


'N—- o —C— -O 

Me 


Effect of COM© on O 
attached to nucleus. 


\_o—/ 


Effect of Ph on O 
attached to nucleus. 


Experimental. 

m -Methoxydiphenyl Ether .—A mixture of m-methoxyphenol 
(15*5 g.), bromobenzene (15*5 g.), potassium hydroxide (6*2 g.), and 
copper bronze (0*1 g.) was heated under reflux (oil-bath at 240°) for 
2*5 hours. The product was isolated by steam distillation, the excess 
of bromobenzene being first collected. The benzene extract of the 
distillate was washed with aqueous sodium hydroxide and water, 
dried, and distilled finally in a vacuum. The substance, b. p. 175°/ 
20 mm., could not be crystallised (Found: C, 77*9; H, 6-2. 
C 13 H 12 0 2 requires C, 78-0; H, 6*0%). The yield was 19*0 g. 

p-if ethoxydiphenyl Ether. —This compound was prepared by the 
method described above for the resorcinol derivative and the yield 
was the same. The substance, b. p. 186°/32 mm., crystallised at 
—10°, but melted again at room temperature (Found: C, 77*8; 
H, 6*1%). 

3-NitroA-methoxydijphenyl Ether (I).—A mixture of nitric acid 
(15 c.c.; d 1*42) and acetic acid (15 c.c.) was gradually added to a 
solution of p-methoxydiphenyl ether (5 g.) in acetic acid (20 c.c.) 
maintained at about 15° by cooling. Fifteen minutes after the 
addition of the nitric acid, water was added and the solid collected, 
washed, and dried (5*8 g.). The substance crystallised from alcohol 
in pale yellow prisms, m. p. 73—74° (Found: C, 63*7; H, 5*2. 
C 13 H u 0 4 N requires C, 63*7; H, 4*9%). No other product of the 
reaction could be isolated. In a similar manner, o-methoxydiphenyl 
ether (Ullmann and.Sponagel, Ber ., 1905, 38, 2211) (5 g.) gave 4*9 g. 
of a solid product which crystallised from alcohol in long, colourless 
needles, m. p. 70—71° (Found : C, 63*5; H, 4*7%). In this case, 
however, only 2*8 g. crystallised from alcohol and an oil was precipit¬ 
ated by the addition of water to the alcoholic mother-liquor. It is 
probable that the product analysed is 3-nitro-Q-methoxydiphenyl 
ether . 

%-Nitro-4:-phenoxyphenol (II).—3-Nitro-4-methoxydiphenyl ether 
(4 g.) was hydrolysed by a boiling solution of potassium hydroxide 
(30 g.) in water (200 c.c.) in a copper flask for 60 hours. The red 
Solution with some red needles in suspension was acidified with 
iydrochlorie acid and the yellow solid, which separated from an 
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emulsion, was collected, washed, and dried (1*0 g.). The substance 
crystallises from light petroleum in long, yellow needles, m. p. 
51—52° (Found: 0, 62*3; H, 4*0. C 12 H tJ 0 4 N requires C, 62*4; 
H, 3*9%). The substance gives a bright red potassium salt and when 
boiled in xylene with potassium carbonate and methyl sulphate yields 
3-nitro-4-methoxydiphenyl ether, m. p. 73—74°. Since Borsche 
(Ben, 1923, 56, [B], 1488) has shown that phenoxy groups in the 
o- or ^-positions to nitro-groups are more reactive than similarly 
situated alkyloxy-groups, there can be no doubt in regard to the 
constitution of" the product of nitration of ^-methoxydiphenyl 
ether. 

The University, Manchester. [Received, December 19 th, 1925.] 


LIV .—The Equilibrium between Methyl Formate and 
Methyl Alcohol , and Some Belated Equilibria . 

By Jens Anton Cheistiansen. 

The announcement that the Badische Anilin- und Soda-Fabrik had 
succeeded in synthesising methyl alcohol from carbon monoxide and 
hydrogen attracted great interest. Patart (/. Ind. Eng . Client., 
1925, 17, 430, 859) claimed priority in this invention; but without 
entering into this discussion it may be mentioned that the process 

CH 3 -0*0CH + 2H 2 = 2CH 3 OH .... (1) 

patented by the author in 1918, combined with the reaction 

CH s *OH + CO = CH 3 *0*0CH . . . . (2) 

investigated by Stabler (Ber., 1914, 47, 580), was the first which 
made it possible to prepare methyl alcohol from water gas, although 
any process by which the reaction 

CO + 2H 2 =* CH 3 *OH ...... (3) 

can be carried out without methyl formate as an intermediate 
product must be of the greatest value. 

The author was able to measure the equilibrium constant of 
reaction (X) by the kind permission of Prof. E* Biilmann, Director 
of this Laboratory, to whom he wishes to express his thanks. Later, 
in connexion with a firm in Copenhagen, Mr. Arne Olsen and the 
author made some measurements of the equilibrium constant of 
reaction (2), The results of these researches are in this paper : the 
substance of them was described, with the permission of the firm, in 
a lecture to the Chemical Society of Copenhagen on October 14, 
1924. 
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Earlier work had shown that when methyl alcohol vapour is 
passed over reduced copper at 200° it splits up according to the 
equation 

2CH 3 *OH = 2H 2 + CH 3 -OOCH . . . (-1) 

and not, as stated by Sabatier, according to 

CHg-OH = H 2 + CBLjO.(4) 

Before this result was published, Mannich and Geillmann {Ber., 
1916, 49, 585) had drawn the same conclusion. As this reaction 
(—1) did not appear to be complete, a mixture of measured quantities 
of hydrogen and methyl formate was passed over reduced copper at 
about 180°, and a considerable decrease in volume observed, showing 
the occurrence of reaction (1). 

To determine the equilibrium, a stream of electrolytic hydrogen, 
freed from oxygen by means of palladinised asbestos, and dried, was 
passed at a constant rate (by the use of a pressure regulator and 
capillary) through a saturator, containing methyl formate, in a 
thermostat. It then passed through a pipette containing reduced 
cuprous oxide on asbestos, which was heated in an electric oven, 
through two absorption tubes, and into a gas burette. The catalyst 
was reduced with hydrogen in situ before the experiment. The 
absorption tubes were filled with N /10-sodium hydroxide. In each 
experiment, the gas was allowed to escape before reaching the 
absorption tubes until the rate of flow and the temperatures of; the 
saturator and the oven had been constant for some time. The 
escape was then stopped and the reaction products were collected. 
After a suitable time, the absorption tubes were removed and 
weighed (the hydrogen in them having been replaced by air free from 
carbon dioxide), and their contents titrated after addition of barium 
chloride (Winckler’s method), so that both methyl alcohol and 
carbonic and formic acids were determined. The gas was analysed 
in an Orsat apparatus with platinum capillary. In this way, the 
amounts of methyl alcohol, methyl formate, hydrogen, carbon 
monoxide, and dioxide could be estimated. Allowance was made 
for water lost by evaporation from the absorption tubes, etc. 

The equilibrium was also determined by starting with methyl 
alcohol. This was admitted directly to the catalyst in the oven 
from a burette through a capillary which was warmed above the b. p. 
of the alcohol. The results are in Table I, Nos. 1—10 being experi¬ 
ments on reaction (1), Nos. 11—17 on reaction (—1). The temper¬ 
ature of the oven was measured by a standardised thermometer 
placed outside the catalyst pipette; the error so produced was 
small, since the rate of flow was slow. The velocities in column 5 
m millimols. of methyl formate or pairs of millimols. of methyl 
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alcohol passing the catalyst per hour. Columns 12 and 13 give the 
initial ratio in molecules of ester to hydrogen, and are calculated (1) 
from the vapour pressure of the ester and the total pressure in the 
saturator, (2) from the analysis of the products; in the decom¬ 
position experiments the ratio should obviously be 0-500. These 
values give a check on the analyses, and show a satisfactory agree¬ 
ment. The values in the last column are those of the constant 

K-l — C 2 h,Coh 3 ooCH /C 2 ch, * OH- 

The values of log 10 K x (expts. 1—15) are plotted in Fig. 1 against 
lIT; they show that the results of association and dissociation 
experiments lie on the same curve, proving that true equilibrium was 
reached. The values of K z for the reaction CH 3 *0*0CH = CO + 
CH 3 *OH were so discordant as to show that equilibrium had not 


Fig. 1. 



been reached. The values obtained from expt. 15 (Fig. 1) and 
expts. 16 and 17 (not plotted) lie well below the curve; evidently the 
catalyst, which was the same in all these experiments, had lost its 
activity, so that even the equilibrium (±1) was not now attained. 
The values for C0 2 and CH 4 in the table suggest that the reaction 

CH 3 *0-0CH = C0 2 + CH 4 .... (5) 

took place to a slight extent. If, however, a trace of water was 
present, carbon dioxide may have been formed by the reaction 

CH 3 -OH + H 2 0 = C0 2 + 3H 2 .... (6) 

{J . Amer. Chem . Soc., 1921,43,1670); this would explain the excess 
of carbon dioxide found in some of the experiments. 

The equilibrium constant of reaction (2) was determined in a 
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similar manner and in the same apparatus. The catalyst here was 
solid sodium methoxide. This absorbed some carbon monoxide, 
and hence the results are not very trustworthy. The same thing 
occurred, but to a much smaller extent (about 1 mol. of sodium 
methoxide disappearing for every 100 mols. of carbon monoxide 
converted into methyl formate), when the reaction was carried out 
in solution, and in this case the reaction causing the carbon monoxide 
to disappear was shown to be CH 3 *0*0CH + NaOCH 3 = CH 3 *0*CH 3 
+ NaO'OCH. Hence the values of the equilibrium constant K % are 
only to be regarded as preliminary, but those of the association and 
dissociation experiments agree fairly well, as the following table 
shows. 

Table II. 




Log K % by 

Log K t 

Reaction. 

Temp. 

exper. 

calc. 

(-2) 

102° 

1-82 

1*81 

(2) 

74 

1-53 

1*40 

(-2) 

74 

1-40 

1*40 

(-2) 

70 

1-29 

1*34 


K 2 = Geo • O'cHfOH/C'cHjOocH is for the gas mixture leaving the catalyst. 
The values in column 4 are calculated by the equation log 10 K z — — 1880 /T + 
4*82. 

The effect of temperature on equilibrium should be accurately 
given over a fairly wide range by an expression of the form 

log »K=*-AIT + B, 

where A = heat of reaction at constant volume divided by 4*571, and 
B is a constant (Scheffer, Proc . K. A had. Wetensch . Amsterdam, 
1917, 19, 636). Values calculated on this formula are in Table II 
and are represented by the straight line in Fig. L The values given 
in the literature for the heats of combustion of methyl alcohol and 
methyl formate are discordant, Stohmann’s value for methyl alcohol 
being about 2 Cals, lower than that of Thomsen. I have preferred 
to use the latter, since, although Thomsen’s “ universal burner ” is 
apt to give somewhat high values, the error may be expected to be 
small when the substances are volatile, whilst, on the other hand, 
Stohmann’s values, according to Roth (Z. EUktroch&m ,, 1911, 17, 
789), may be suspected to be low, especially in the case of volatile 
liquids. 

The heat capacity of methyl alcohol has been calculated from the 
values in Landolt-Bornstein’s tables for the ratio, k 7 between the 
two heat capacities. For methyl formate, no direct data seem to be 
available, but from the value for ethyl formate and those for methyl 
and ethyl alcohols the heat capacity of methyl formate (at constant 
volume) has been estimated at 10 cals, per degree. 
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The following table contains all the numerical values used in the 
calculation of the reaction heats at the temperatures in question. 


Substance. 

Methyl alcohol . 

Methyl formate. 

Carbon monoxide. 

Hydrogen . 


Heat of combustion 
at const, press. 
182,230 
• 241,210 

67,960 
68,430 


Heat capacity 
at const, vol. 
7*8 
10-0 
50 
4-8 


By means of this table the heat of reaction (1) at constant 
volume and about 200° is calculated to be 13,800 cals, and that of 
reaction (2) at about 100°, 8,600 cals. From these values and the 
above determinations of the equilibrium constants, the constants, 
B y of reactions (1) and (2) can be calculated as 3-61 and 4-82, re- 
spectively. These two numbers thus contain the results of the above 
investigation of the two reactions. 

It is now possible to obtain from Fig. 1 and Table II a preliminary 
value of the equilibrium constant K 3 ~ C co . <7 2 h x /C'oh # -oh for the 
reaction (3). Calculation shows that 


log jSTg = — 4896/T 7 + 8-43 .... (7) 

From (7) it can be calculated that at about 200° K z is about 10" 2 , 
so that at this temperature, if the hydrogen concentration is 1 mol. 
per litre, only 1% of the carbon monoxide will remain if the reaction 
2H 3 + CO = CH 3 'OH proceeds until equilibrium has been reached, 
whilst, on the other hand, if the hydrogen concentration is 0-01, only 
1% of the carbon monoxide will be transformed into methyl alcohol. 

The value of K z can also be roughly predicted by means of one of 
the well-known approximate equations arrived at from Nernst’s third 
law of thermodynamics, for instance, the one given by Nernst 
himself, 

log K p = Qjg/4’571 7 + 3*5 log T + 2+ ^co — W,-oh (3) 

where the vs are the so-called conventional chemical constants 
of the different molecular species. 

As shown by Cederberg (Dissert., Upsala, 1916), a close connexion 
seems to exist between the critical pressure of a substance and its 
chemical constant and therefore I have used the values = 1-6 ; 

ico = ~ 2*6; ^ch 3 -oh = 4o s = 3*3 (see Pollitzer, Ahrens's 

Sammlung 17, 1912). 

By means of K p — (RT) 2 K C and the data iust mentioned we thus 
find 

log K 3 =- 22700/4*57I t + 1*5 log T -f 4*7 . . (8, i) 

As furthermore 1*5 log T at temperatures about 200° is very nearly 
equal to 4*0, the equation becomes 

■ l0 S Z 3 = - 4966/T + 8*7 ... . (8,ii) 
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The agreement (see Fig. 2) between (8, ii) and (7) is as good as could 
be expected, considering the preliminary character of the investig¬ 
ation of reaction (2) and the approximations implied in the use of the 
Nernst equation (8). 

By combining equation (7) with a similar relation derived from 
earlier experiments on the reaction 

H 2 0 + C0 = C0 2 + H 2 .(9) 

it is furthermore possible to calculate the equilibrium constant of 
the reaction (6). If we define K$ by means of the equation E d = 
< 7 Hj0 • Oco/Ccoi • Ce» where the concentrations are those at equi- 


Fig. 2. 



librium, we get from Hahn’s experiments ( Z . physikal. Ghem,, 1903, 
44, 513; 1904, 48, 735; see Haber, “ Thermodynamik technischer 
Gasreaktionen,” Berlin, 1905) 

log io == — 1854/7 7 + 1*66 , . . (10) 
When this equation is subtracted from (8, ii) we obtain 

log 10 K e « - 3042/2" + 6*77 . . . (11) 

where Jf 6 is the equilibrium value of C C o t • ^ 3 h,/^oh 8 *os • C w > 

Finally it should be remarked that by means of existing data on the 


equilibria 

C + 2H 2 = CH 4 . . ■ . . . (12) 

and C + 0O 2 = 2CO . ..... (13) 


and the equations given above, it should also be possible to calculate 
the value of the equilibrium constant for the reaction (5). 

The first of these reactions has been investigated by Mayer and 
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Altmayer ( Ber 1907, 40, 2134), Coward and Wilson (J., 1919,115, 
1380), and Pring and Fairlie (J., 1912,101, 91). The results of these 
authors may he represented with sufficient accuracy by means of 
the equation 

log JT ? = logf® = ^-6-33 . . . (14) 

If we wish to get K c = CckJC 2 ^ with the concentrations expressed 
in mols. per litre, we must add log RT = log T — 1*09 and conse¬ 
quently 

log K c = 5450 IT + log T - 7*42 . . . (14, i) 

For the reaction (14) a summary of the existing data is to be found 
in a paper by Jellinek and Diethelm (Z. anorg. Ghem., 1922, 124, 
220). From their table of the mean values of K p found at different 
temperatures by different authors, the following expression may be 
calculated: 

log Z p = 8620/2 7 - 8*80 .... (15) 

and transforming into K Ci 

logZ c = log|^ = ^ + log2 , -9-89 . - (15, i) 

By adding these equations we get the equilibrium constant for the 
reaction 2H 2 + 2CO = CH 4 + C0 2 , viz,, 


or 


log K p = log 
log K t = log 


Poo, = M0TO_ 1 5> 13 


•3> 2 co 


■ Cco, 14070 




(16) 
(16, i) 


Adding to this the equation (7), we get the logarithm of the 
equilibrium constant for the reaction CH 3 *OH + CO = CH 4 -f C0 2 , 
viz,, 

log K t = log + 2 log T - 8-88 . . (17) 

L/cH a -OH • ^CO J 

from which it is evident that the formation of methyl alcohol from 
methane and carbon dioxide will take place only at temperatures at 
which methane is not at all stable, whilst it is possible, according to 
equations (11) and (7), to obtain reasonable amounts of methyl 
alcohol from hydrogen and either carbon monoxide or dioxide at 
not too high temperatures. 

It is obvious that the equations given above all contain the un¬ 
certainty introduced by the use of the preliminary results for the 
|||^ilibrium between carbon monoxide, methyl alcohol, and methyl 
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Summary . 

(1) The equilibrium constant of the reaction CH 3 'OOCH + 2H 2 
—2CH 3 *OH has been determined with fair accuracy at temperatures 
in the neighbourhood of 200°. 

(2) Preliminary values for the equilibrium constant of the reaction 
CH 3 *0H + CO = CH 3 # 0*0CH at about 100° have been given. 

(3) It is shown that by combination of the found values with 

existing data the equilibrium constants of the reactions CO + 2H 2 == 
CH 3 -OH; C0 2 + 3H 2 = CHyOH + H 2 0; and CH 4 + CO“ » 

CH 3 *OH + CO may be calculated. 

The University, Copenhagen. [Received, September 21 at, 1925.] 


LV .—The Equilibria underlying the Soap-boiling 

Processes . The System Potassium Oleate-Potassium 
Chloride-W ater . 

By James William McBain and William Joseph Eleord, 

The study of soap solutions has shown that they exist in a number 
of forms, each with very striking characteristics. In pursuing the 
systematic study of the constitution of these liquids, jellies, liquid 
crystals, and curds, it is essential that the conditions under which 
each exists should be exactly delimited. Further, the processes of 
soap-boiling depend on the existence of this series of well-defined 
equilibria, which have, however, received very little systematic 
study. 

We are now in a position to state that all soaps, pure, mixed 
commercial, whether potassium or sodium, are essentially of the 
same type. The differences are in degree and not in kind and the 
equilibria are so similar in the various cases that by means of 
numerical factors the effect of any electrolyte or mixture of electro¬ 
lytes can be fairly closely predicted. Finally, to a large extent, 
the behaviour of a mixture of soaps can bo inferred from that of 
its pure constituents taken separately. It is found also that the 
results from such small-scale laboratory experiments as are described 
in the present paper are in numerical agreement with similar results 
obtained on a full commercial scale. 

Two previous contributions (McBain and Burnett, J., 1922, 121, 
1320; McBain and Langdon, J., 1925,127, 852) have dealt with the 
preliminary studies of sodium laurate and sodium palmitate in 
which the chief results were to show the various kinds of soap 
systems which exist, and to indicate some of the limits for the 
existence of ordinary isotropic soap solutions. The present instal- 
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ment is an account of a more thorough study of systems derived 
from potassium oleate,* which possesses the advantage of being so 
soluble that all the possible systems can be observed at room tem¬ 
perature. Further, application of the new methods of optical 
investigation that were developed in a previous study of potassium 
laurate have enabled progress to be made with the delimitation 
of the two important anisotropic liquids, neat soap and middle 
soap. 

All these phases exist equally well in the absence of salt and the 
simplest procedure is to begin with the two-component system oleate 
and water, in which most of the typical equilibria appear. Accord¬ 
ingly, this will be discussed first, together with observations made 
upon individual phases, followed by the data obtained with systems 
in which potassium oleate is the third component. 

Materials. —Kahlbaum’s ordinary potassium oleate was found to 
be unsuitable, as it was not homogeneous and contained excess of 
acid and not only did the concentrated solutions on warming become 
dark reddish-brown but they sometimes differed in physical state 
from those of purer potassium oleate. Our preparations were there¬ 
fore made by neutralising oleic acid “ Kahlbaum ” with potassium 
ethoxide and when carefully dried remained as white powders. 
The oleic acid in each case had a nearly correct iodine value and a 
molecular weight (by titration) about 1% too high (compare Laing 
and McBain, J., 1920, 117, 1506). Potassium chloride “Kahl¬ 
baum 55 was used. Solutions were prepared in sealed thick-walled 
tubes of Duro glass by weighing in the requisite quantities and 
heating to whatever temperature was necessary to transform the 
contents into a single homogeneous liquid. Heating up to 170° 
was best carried out in a bath of glycerol, but for heating aqueous 
solutions to temperatures up to 400° an electric oven with mica 
windows was used and care was taken to heat and cool very slowly 
in order that adequate time should be allowed for the soap system 
to acquire the successive temperatures. Stirring was effected by 
slowly shaking the furnace as a whole, formation of air bubbles 
being avoided. In some cases a bath of the eutectic mixture of the 
nitrates of sodium and potassium was employed. 

Methods of Observation .—In every soap system it is possible to 
observe a temperature, T i} on heating to which it becomes a single 
homogeneous, isotropic liquid. For example, pure dry potassium 
oleate melts at 235—240° to form liquid crystal which, as will be 
shown, represents a point in the neat soap field, but on further 

: * A preliminary study was carried out by F. T. Maggs, who determined 

^ &: number of points on the boundaries of the region of isotropic soap 
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heating to 300° this melts sharply to form an ordinary clear isotropic 
liquid. This liquid is miscible with water in all proportions; the 
more water present, in general the lower the temperature T iy and 
at room temperature potassium oleate solutions up to 0*7 N# are 
clear and isotropic. 

All subsequent experience has confirmed the observations of 
McBain and Burnett (loc. cit.) that no supersaturation occurs, with 
respect to formation of anisotropic liquid, upon cooling the isotropic 
solution, but supersaturation readily occurs with respect to formation 
of either true lamellar crystals or crystalline curd fibres or needles. 
The sudden change in viscosity which occurs when anisotropic liquid 
appears, and the even more sudden change accompanying the com¬ 
pletion of its formation upon cooling sufficiently, serve as useful 
although very rough checks upon the optical observations. 

We have found it essential to use polarised light both for macro¬ 
scopic and for microscopic observation. It is possible to examine a 
number of systems at room temperature and up to 80°, using an 
ordinary object slide and cover glass and a Guttmann heater (see 
Maclennan, J. Soc. Chem. Ind., 1923,42, 393t), but it is essential that 
a truly representative sample should be taken and that the whole of 
the sample be examined. It is necessary also to ensure that the 
conditions observed in the calibration of the temperature scale be 
maintained throughout. When a mixture of isotropic and aniso¬ 
tropic soap solutions is thinly spread out and thus examined between 
crossed Nicols, the dark isotropic patches are seen to be sharply 
differentiated from the illuminated anisotropic portions of the 
field. 

Bor work at higher temperatures no suitable substance could be 
found for sealing the cover glass to the object slide, as in some cases 
the properties of the soap were much affected by it as well as by 
evaporation. Professor Kenrick of Toronto University kindly 
supplied a cell, made by fusing together two optically ground plates 
of pyrex glass, with narrow side tubes sealed in, and such a cell 
has been used up to 120°. Latterly we have used small flattened 
glass cells made from tubing, 2*5 mm. in diameter, blown into a 
small bulb which during the process of blowing is squeezed flat 
between two hot carbon blocks, leaving room for only a thin film 
therein. The cell could be filled with a representative sample by 
suction and then sealed off. Such cells were very readily annealed, 
any optical evidence of strain being thus removed. They could be 
employed in a small electric furnace on the stand of the microscope, 
and the temperatures there observed agree closely with those 
obtained by a macroscopic study of large tubes. 
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Equilibria in the System Water-Potassium Oleate. 

Dilute aqueous potassium oleate is a homogeneous isotropic liquid 
■which freezes with separation of ice, and at temperatures above 
300° may without losing homogeneity be concentrated to 100% 
potassium oleate in the isotropic liquid condition. At all lower 
temperatures, potassium oleate is not miscible with water, but other 
intermediate phases are successively formed. Thus at 20° the 
highest concentration at which a homogeneous isotropic solution of 
potassium oleate can be prepared is 0-70 N w (g.-mol. per 1000 g. of 
water). Above this concentration, an upper layer of higher con¬ 
centration separates. This phase is a conic, anisotropic liquid and 
has been called in this laboratory fe middle soap 99 (Nature, 1924, 
113, 534; 114,49 ; Science, 1925, 61, 613; McBain and Langdon, 
loc. cit.). Middle soap exists over a limited range of concentrations 
as a homogeneous phase which constitutes, like the isotropic solu¬ 
tions, a colloidal electrolyte. There is no great difference in molar 
conductivity between soap in the middle soap phase and soap in 
the isotropic phase. Middle soap up to l*25iV w shows no structure 
in the cardiod ultramicroscope, but above this concentration diffuse 
granular patches begin to show against the dark background. 

Middle soap exists over only a limited range of concentrations, 
above which another distinct phase of still more concentrated solu¬ 
tion appears. To this phase we have extended the term “ neat soap.” 
Neat soap resembles middle soap in being a conic anisotropic liquid 
and in being plastic; that is, devoid of noticeable elasticity. Each 
is rigid, the neat soap much less so with about the consistency of 
vaselin. Middle soap is darker than neat soap (due to presence of 
impurity). A moderately thin specimen of middle soap is clear and 
transparent, whereas neat soap is better described as semi-trans¬ 
parent and somewhat turbid. The heterogeneous mixture of these 
two is rigid and turbid, the turbidity being at a maximum between 
the normalities 5N W and 62V tf . The exact range of concentrations 
for the existence of these phases has still to be determined, but for 
middle soap it lies between about 0*9and 3*4 N v and for neat 
soap between 7-5N w and 1 2N t0 , within which limits a uniform field 
is obtained (see photograph I). 

In many of the otherwise clear systems described above, small, 
white, star-like growths develop with time. Examination in the 
ultramicroscope shows them to consist of small rods plaited together 
to form branching structures. They probably consist of acid soaps 
produced by hydrolysis. 

-I Photograph I, of 9N ^-potassium oleate in polarised light, shows 
that neat soap, like middle soap, is a homogeneous, conic, aniso- 
trbpfc liquid soap with uniaxial interference figures. Further, on 



I .-QN W -Potassium oleate at room II—Concent, rated aqueous potassium oleate, 

temperature. Crossed nicols. Crystal phase. Crossed nicols. X 250. 

X 250. 



III. — 25N w -Potassium oleate at IV.—13-3$VPotassium oleato at 

room temperature. Showing erys* room temperature. Crystals as seen 

talline flakes and anisotropic fluid. under cardiod ultramicroscope. 

Crossed nicols. X 00. 
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* cooling 4iV w ,-potassium oleate below its critical temperature, T{ 240°, 
the drops of neat soap which begin to appear separate in the form 
of the double cones which Lehmann (Weld. Ann., 1895, 56, 771, etc.) 
gave as a classical illustration of liquid crystals in systems containing 
ammonium oleate. Ethyl azoxybenzoate likewise separates in the 
form of these double cones when cooled from the isotropic, amorphous 
liquid condition. Friedel (Ann. Physique , 1922, 18, 273) terms this 
structure “ batomet ” and regards it as proof that such systems are 
to be included in his so-called “ smectic ” group. Evidently both 
neat soap and middle soap are anisotropic liquids which would be 
included in the smectic group, and no soap systems are yet known 
which could be classified as “ nematic.” The fact that curd fibres 
have been shown by Mr. S. H. Piper to give radiograms with lines 
corresponding to spacings in three dimensions is a positive disproof 
of EriedePs contention that they were to be included in his 
“ smectic ” group, although he renamed the “ liquides k conique ” 
(conic anisotropic liquids) specially to include them. 

At temperatures between 240° and 300° neat soap may be con¬ 
centrated up to 100% anhydrous potassium oleate, but at lower 
temperatures there is an upper limit fixed by the separation of 
crystalline potassium oleate, usually in the form of extremely thin, 
hexagonal flakes. In the SOAVsolution there is still some neat soap 
left, showing that the hydration of the crystals cannot exceed 
1 mol. of water per mol. of soap. It is not known whether these 
crystals of slightly hydrated potassium oleate can be dehydrated to 
anhydrous potassium oleate without any new phase separating. 
The excessively thin crystal plates are readily bent and are illus¬ 
trated in photograph II. 

The sharply outlined hexagonal lamellae are sometimes thin 
enough to give interference colours in ordinary light, and under a 
polarising microscope exhibit polarisation colours and give sharp 
uniform extinction in four positions. A mass of the crystals has a 
wax-like consistency and presents a silvery appearance. Photo¬ 
graphs III and IV show these crystals mixed with neat soap in the 
heterogeneous systems. 

Thus in passing from one pure component, water, to the other 
pure component, potassium oleate, at 20°, at least four different 
phases are met with and the solutions are alternately homogeneous 
and heterogeneous. At temperatures above 180°, the very remark¬ 
able behaviour is met with that there is a region of homogeneous 
isotropic phase above the middle soap as well as below it, so that, 
for example, at 177°, on steadily concentrating an isotropic solution 
the anisotropic middle soap separates, and after its formation is 
completed and the solution is slightly more concentrated, isotropic 
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solution of still higher concentration begins to appear but exists 
over a narrow range, whereupon neat soap appears. 

All these relations are shown in Pig. 1 and some of the numerical 
data from which the figure has been plotted are in Tables Ia, b, 
c and d. The temperatures there recorded are T h the minimum 
temperature at which the system is a homogeneous isotropic liquid, 


Rig. 1. 



Fractional Proportion of KOI 


Equilibrium diagram, for the two-component system water- 
potassium oleate , showing the stable , homogeneous phases that 
occur at various temperatures. The boundary of the isotropic 
solution only is accurately known. 

determined visually or with the aid of optical apparatus; T h , the 
temperature on heating to which anisotropic plastic liquid shows, 
by a marked fall in rigidity, that isotropic liquid is beginning to 
separate; and T Ci the temperature on heating to which crystals 
just disappear to form homogeneous neat soap. Concentrations 
are expressed in weight normality (iff*), and also in “ fractional 
proportions ” of potassium oleate, N v ,j{N V3 + 1), for use later in 
the triangular diagram of the three-component system. 
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Table Ia. 

Appearance'of aqueous potassium oleate at room temperature and 
phases present , together with temperatures , T*, on heating to which 
the system becomes a clear homogeneous liquid. 


Series a. Tubes partly evacuated before sealing * 


System 

Fractional 

proportion 



(*•)• 

of K. oleate. 

Description of material at room temp. 

(visual). 

0*70 

0*412 

Viscous, colourless, isotropic liquid. 

12° 

0*72 

0*419 

Hetero, M. soap and isotropic liquid. 

22 

0-75 

0*429 

Hetero., etc., very viscous. 

33 

0*78 

0*438 

Clear, firm M. soap. 

42 

1-00 

0*500 

Clear, rigid M. soap, yellowish-brown. 

72 

1*50 

0*600 

j» it it tt 

Clear, rigid, M. soap, deep colour. 

138 

2*00 

0*667 

186 

2*50 

0*714 

tt it tt 

173 

3*00 

0*750 

Hetero. f 

175 

3*50 

0*778 

Hetero. { 

184 

Homo. — 

homogeneous. 

soap.” 

Hetero. = heterogeneous. M. soap 
N. soap = “ neat soap.” 

= “ middle 


* The above systems were prepared from oleic acid of mol. wt. 285 and 
were all more deeply coloured than those prepared with 1924 (b) and 1925 
soaps, possibly owing to a very slight amount of free oleic acid, which becomes 
oxidised at high temperatures. This would provide a possible explanation 
of the marked difference between 3-5iV w -solution prepared with this sample 
of soap and that prepared with succeeding samples. 

f Minute droplets of a lemon-white phase in a brownish-red phase; system 
still rigid and plastic. 

} Two immiscible plastic fluids, one lemon-coloured and tending to accumu¬ 
late at the surface, the other deep reddish-brown and accumulating at the 
bottom of t the tube. 

Table Ib. 


Tubes not evacuated* 



Fractional 




System 

proportion 

Description of material at room temp. 

r A 

(JV W ). 

of K oleate. 

(18—20°). 

(visual) 

0*80 

0*444 

Hetero. M. soap and isotropic liquid. 

34*5° 

0*85 

0*468 

Homo, clear Arm M. soap. 

57 ■ 

0*91 

0*476 

a tt 

t> 

67 

1*25 

« 0*556 

tt tt 

t> 

118 

2* 00 

0*667 

tt tt 


183*5 

2*50 

0*714 

tt >r 

it 

188 

2*75 

0*733 

tt tt 


188*15 

2*98 

0*748 

tt tt 


186 

3*20 

0*762 



185 

3*50 

0*778f 

tt tt 


200 

4*00 

0*800 

Kigid, anisotropic, definitely turbid. 

237*5 


* Prepared from oleic acid of mol. wt. 286. 
t Not quite as transparent as the 3*2fvVsoiution. 
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Table Ic. 


Tubes not evacuated.* 

Fractional 


propor- 
System tion of 

Description of material at 

T< 

T. 

T c 

T h 

(#•)• 

K oleate. 

room temp. (18—20°). 

(visual), (opt.), (visual), (opt.) 

0*80 

0*444 

Viscous, hetero. M soap 

31*5° 

32*5°. 

— 

— 

1-00 

0*500 

and isotropic liquid. 
Clear, rigid M. soap. 

72 

76 

_ 

55° 

1*50 

0*600 

» 99 99 

139 

142*5 

— 

127 

1*75 

0*636 

99 99 99 

161 

173 

— 

163 

2*00 

0*667 

99 99 99 

180 

184 

— 

174 

2*50 

0*714 

99 99 99 

188 

— 

— 

— 

2*75 

0*733 

99 99 99 

190 

187*5 

— 

187 

3-00 

0*750 

99 99 99 

185*5 

— 

— 

— 

3*10 

0*756 

99 JS 99 

184*5 

185*5 

— 

181 

3*20 

0*762 

99 99 99 

183 

— 

— 

— 

3*28 

0*766 

99 99 99 

179*5 

— 

— 

— 

3*40 

0*773 

99 99 99 

178*5 

— 

— 

— 

3*50 

0*778f 

99 99 99 

194*5 

200*5 

— 

173 

4*00 

0*800 

Rigid, turbid N. soap and 

235*5 

242 

— 

— 

5*00 

0*833 

M.soap. 

Hetero. rigid N. soap and 

261 

. . - 

_ 


6*00 

0*857 

M. soap. 

Firm, hetero. N. soap and 

274*5 

_ 

_ 

_ 

7-00 

0*875 

M. soap. 

Semi-transparent NT. soap.} 

283 

_ 

_ 

_ 

8*00 

0*889 

Semi-transparent NT. soap.§ 

280 

— 

— 

— 

9*00 

0*900 

Soft, semi-transparent NT. 

cno n 

287 

— 


— 

10*00 

_ . 

bUctp* 

99 99 99 

288*5 

_ 

_ 

,_ 

12*00 

0*923 

99 99 99 

291 

— 

26° 

i—' 

15*00 

0*937 

Hetero. N soap and cryst. 

291*5 

—- 

55 

— ■ 

25*00 

0*962 

flakes. 

99 99 99 

293 

_ 

98 

_ 

30*00 

0*968 

99 99 99 

291 

— 

118 

— 

40*00 

0*975 

,99 99 99 

303 

— 

132 

— 

50*00 

0*980 

99 99 ' 99 

305 

— 

150 

— 


* Prepared from oleic acid of mol. wt. 286. 
t Reproduction of 1924 (b). 

t Turbidity subdued, and consistency less firm; can just be displaced by 
shaking. 

§ Fluid, soft and non-homogeneous in appearance. 


Table Id. 

Systems prepared from pure aqueous potassium hydroxide and 
Kahlbaum’s oleic acid> mol . wt. 285. 

System Fractional proportion Description of material at 
(V»). of oleate. room temp. (18—20°). Ti (visual). 

1*15 0*535 Rigid M soap. 93-0° 

1*24 0*552 „ „ 115 

Effect of the Presence of Potassium Chloride in Isotropic Solutions 
of Potassium Oleate. 

\ Qualitative observations have been described by M. H. Fischer 
( <£ Soaps and Proteins/’ New York, 1921) on the effect of adding 
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salts to ordinary soap solutions. Some of his experiments were 
repeated by Miss King (J. Soc. Chem . Ind., 1922, 41 , 147 t ). Fischer’s 
observations were confined to fairly dilute soap solutions and were 
evidently influenced by the difficulties of ensuring adequate mixing 
and avoiding oxidation of soap, which greatly affect the results. 
The following observations were made by Miss King and F. T. Maggs 
as well as by ourselves. 

The most important effect is that, whilst moderate additions of 
such salts as potassium chloride and potassium thiocyanate pro¬ 
gressively increase the viscosity of the liquid, there is an ill-defined 
range of concentrations of salt for which the potassium oleate solu¬ 
tions set to a clear, transparent, elastic jelly like table jelly. For 
potassium chloride and potassium thiocyanate these concentrations 
are between about 0-4 and 0*8iV w . This range is somewhat wider 
if sufficient time is given for gelatinisation; the whole system remain¬ 
ing homogeneous and clear if hydrolysis and oxidation are avoided. 

Still further small additions of salt reduce the jelly to a more or 
less viscou's, homogeneous liquid. In solutions of such soaps as 
do not gelatinise under the given conditions, for example, sodium 
palmitate at 81°, the viscosity rises to a maximum and then falls 
off very greatly before any salting-out takes place (compare Miss 
King’s graph, loc . cit.). Similar behaviour is observed within the 
whole range of isotropic solutions. 

Still higher concentrations of salt cause separation of the soap 
solution into two layers. The concentration of salt necessary to 
effect this depends, in a rather complicated way, on the concentra¬ 
tion of the soap, as is seen in Figs. 2, etc., in which the boundaries 
of the isotropic field are accurately mapped. If the solutions 
are sufficiently dilute, say below O-fiiVVpotassium oleate, the two 
liquid layers formed are both isotropic and are represented on the 
diagram within an indentation in the isotropic liquid boundary. 
The upper layer is “ nigre ” and contains most of the soap; the 
lower layer is “ lye ” containing a minute concentration of soap 
and a concentration of salt slightly higher than that in the nigre. 

If the soap solution is more concentrated, say between 0^75^ 
and 3 N w , the two phases separating out are neat soap and nigre. 
It will be noted that the presence of the salt greatly increases the 
possible concentration of soap in the isotropic solution; thus at 20° 
in the absence of salt the highest concentration at which potassium 
oleate forms a homogeneous isotropic liquid is 0-70whereas in 
the presence of 0-176i^ w -potassium chloride the concentration of 
the soap may be increased to 3 N v . As in the two-component system, 
so in the three-component system, increasing temperature extends 
the boundaries of the isotropic field. 
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Equilibria in the System Water-Potassium Oleate-Potassium Chloride , 

Middle soap and neat soap, like isotropic solution, extend from 
the two-component system, aqueous potassium oleate, into the three- 
component system; thus not only is the two-component system the 
limiting boundary of the three-component system, but the same 
phases occur in each and no new ones appear through addition of 
salt. Discussion of the three-component system is thus reduced 
to delimiting the boundaries for the existence of the phases, the 
appearance and properties of which have previously been dealt 
with. In other words, a reference to the foregoing discussion of 

Fig. 2. 



Phase rule diagram at 20°. Potassium oleate-potassium chloride- 
water ; concentrations being expressed in fractions of mols. of 
potassium oleate and potassium chloride , but in fractions of one 
kilogram of water. The shaded areas represent the approximate 
direction of the tie lines in the two-layer systems. 

the two-component systems shows that solutions of pure soap 
spontaneously “ salt out 5J in the absence of salt. 

Most of the observations consisted in noting carefully the tem¬ 
peratures, T i} at which heterogeneous systems just became isotropic, 
and it was found that these homogeneous isotropic solutions separ¬ 
ated again at the same temperatures on.cooling. It is only when 
the true crystalline lamallse are due to appear that supersaturation 
has ever been observed. 

Addition of salt to middle soap lowers the temperature, T i} at 
which it becomes isotropic. Likewise, at higher temperatures, its 
field ofexistence progressively diminishes until at 189° it is reduced 
to a single point in the two-component system. 
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In most cases separation of the phases was so imperfect that they 
remained permanently in intimate mixture as a rigid, or extremely 
viscous mass, so that samples could not he separated for analysis. 
Indeed, the complete separation of neat soap from nigre, even in 
full-scale commercial work, is an art which calls for the highest 
skill on the part of the soap boiler, and middle soap has never been 
studied on the commercial scale. Apart from the extremely ready 


Fig. 3. 



Phase rule diagram at 20°, potassium oleate-potassium chloride-water; 
concentrations being expressed in grams of fatty anhydride and grams of 
potassium chloride per 100 grams of toted system. The areas correspond to 
those in Pig . 2. 

separation of lye from nigre, it has been considered impossible to 
effect separations in small-scale experiments. However, recent 
experience indi6ates that at high temperatures certain of these 
separations may be possible which will then permit of direct 
analyses of the separated layers. 

The data are in Table II and the isotherms deduced therefrom 
are shown in Figs. 2 to 5, which should be compared with 
the corresponding diagrams for sodium palmitate (McBain and 
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Langdon, loc. cit.), where also a fuller introduction to the subject 
is given. 

The five tie-lines between nigre and lye shown in Figs. 2 and 3, 
which illustrate the general equilibria at 20°, were obtained by direct 
analyses of .the two phases in equilibrium with each other. The 
cross in the middle of each line represents the total composition' of 
each system which should, of course, lie upon the straight line 
connecting the compositions of the two phases in each case. 


Table II. 


Effect of addition of potassium chloride to 0-1N ^-potassium oleate; 
appearance and phases present at room temperature , and T* the 
temperature on heating to which the system becomes a clear 
homogeneous liquid. 


Cone, of 
KCI (N„). 

0-00 

0*5 

1*0 

1*05 

1*20 

1*30 

1*50 

1*80 

2*0 


Description of material at room temp. (18°). 

Homo, transparent, isotropic liquid. 

Isotropic, colourless, jelly-like system. 

Moderately viscous, isotropic, opalescent liquid. 
Two liquid layers; nigre and lye.* 

„ „ „ „ Both isotropic. 

»» » » *9 9i 19 

» 9 9* 99 99 99 

Two layers, upper hetero. 

Two layers, N. soap and lye. 


Ti 

(visual). 


25° 

119 

127 

156 

185 

205 


* Upper layer the more viscous, lower limpid lye, both isotropic. 


Effect of addition to 0'25N w -solutio7is of potassium oleate. 

0-25 Colourless, limpid liquid, isotropic. — 

0*50 Clear, viscous liquid, isotropic. — 

1*00 Clear, very viscous, isotropic liquid. — 

1*25 Clear, isotropic, viscous liquid. -— 

1*50 Two liquid layers, both isotropic. 100 

,, „ ^ „ 159 

2*0 Two layers, upper hetero,, lower lye 184 

2*2 Two layers, upper viscous, lower lye. 204 


Effect of addition to O'oON^-solutions of potassium oleate. 


VI 


0*00 

0*25 

0*50 

1*00 

1*65 

1*67 

1-70 

M 

m - 


Clear, transparent, isotropic, mobile liquid. 
Clear, isotropic, very viscous liquid. 
Transparent, isotropic, elastic jelly. 

Clear, viscous, isotropic liquid. 

Two liquid layers, both isotropic. 


m »» >9 91 99 

Two layers, upper creamy, lower lye. 

*» » 99 19 19 

Two layers, N. soap and lye. 


Lye increasing. 


75 

124 

120 

167 

178 

207 



THE SOAP-BOILING PKOCESSES, 


433 


Effect of addition to 0*7 5N w -solutions of potassium oleate. 


Cone, of 
KC1 (N„). 
0*00 
0*1 
0*25 
0*50 
1*0 
1*5 
1*7 
1*75 
1*85 
2*0 
2*3 
2*5 
2*75 


Description of material at room temp. (18°) 
Hetero. M. soap and isotropic liquid. 

Clear, elastic jelly, isotropic.* 

Clear, transparent, elastic jelly, isotropic.* 
Clear, transparent, rigid jelly, isotropic. 

Clear, transparent jolly, isotropic.* 

Clear, viscous, isotropic liquid. 

Viscous hetero. system.*)* 

Hetero.; bad separation.! 

Hetero,, three liquid ^phases.§ 

Viscous, turbid^upper layer. || 

Turbid, aniso. upper layer and lye. 

» »» »» )» 

99 99 99 99 


Ti 

(visual). 

33 


25 

109 

150 

158 

195 

206 

229*5 


* Not perfectly rigid. 

f Small amount of anisotropic phase at surface. 

t Mainly clear, isotropic liquid of moderate viscosity; anisotropic phase 
near surface. 

§ Middle nigre layer forms main bulk. 

|| Lye growing at expense of nigre. 


Effect of addition to 1-0N ^solutions of potassium oleate . 


0*00 Aniso. plastic fluid, rigid. 

0*085 ,, ,, , ,, 

0*10 Aniso. fluid, possessing elasticity. 

0*17 Hetero. aniso. phase and isotropic jelly, 

0*25 Clear, isotropic, transparent jelly. 

0*50 ,, ,, ,, ,, 

1*00 Clear, viscous, isotropic liquid. 

1*50 Viscous hetero. system.* 

1*6 Viscous hetero. system.* 

1*75 Viscous hetero, system, aniso. phase and nigre. 

2*0 Two layers, upper turbid, lower lye. 

2*5 Two layers, upper turbid and viscous, lower lye. 

2*8 ,, ,, ,, ,, ,, ,i 


72 

65 

60 

30 


65 

104-5 

130 

156 

193 

212-5 


* Anisotropic phase tending to accumulate at the surface and viscous, 
isotropic liquid as lower layer; bad separation. 


Effect of addition to 1-5N yrsolutions of potassium oleate , 


0*00 Aniso. plastic fluid, rigid, 

0*2 ,, ,» ,, 

0*40 ,, ,, ,, 

0*46 Clear, very viscous, isotropic liquid. 

1*0 Hetero. system.* 

1*35 Hetero., viscous, aniso. phase and nigre. 

1*50 ,, ,, ,, „ »> 

1-78 Two layers, upper hetero., lower lye.f 

2*0 Two layers, upper turbid and viscous. 

2*3 Two layers, upper turbid, lower lye. 

2*5 Two layers, upper viscous and turbid, lower lye. 


138 

129*5 

90 

60 

129 

136 

160 

163 

191 

205 


* Small amount of anisotropic phase near surface, mainly viscous, isotropio 
liquid. 

f u JJpper layer forms main portion. 
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Note ,—Only results obtained with systems prepared in non- 
evacuated tubes are recorded in this and the following sections, 
i.e., results are those with 1924 (b) soap. 


Effect of addition to 2-ON ^-solutions of potassium oleate. 


0-00 

0-1 

0*2 

0*3 

0-4 

0*5 

0-6 

0-7 

0*8 

1*0 

1*2 

1*3 

1*5 

1*65 

2*0 

2*2 


Clear, aniso., plastic fluid, rigid. 

Aniso., plastic fluid, rigid. 

99 99 99 

99 99 99 

99 99 99 

„ „ less rigid. 

Aniso. plastic fluid. 

Mainly clear, isotropic jelly.* 

Clear, viscous, isotropic liquid. 

Hetero.; bad separation.f 

99 99 99 

99 99 99 

99 99 99 

Two layers, upper viscous and turbid, lower lye. 

99 99 99 99 99 99 

99 99 99 99 99 99 


183*5 

178*5 

167 

159 

153 

136 

91 


110*5 

143 

154 

160 

183 


* Little anisotropic phase near surface, 
t Anisotropic phase and viscous, isotropic solution. 


Effect of addition to 2*5N ^-solutions of potassium oleate. 


0*0 

0*1 

0*2 

0*3 

0*4 

0*5 

0*6 

0*7 

0*79 f 
1*0 
1*3 
1*5 
1*65 
3*5 


Aniso. plastic fluid. 

99 99 99 

99 99 99 

99 99 99 

99 99 99 

99 99 99 

Heterogeneous. * 

Heterogeneous.* 

Hetero. aniso. phase and nigre; bad separation. 

99 99 . 99 99 99 99 

99 99 99 99 99 99 

Three phases, lye just appearing. 

Two layers, viscous turbid layer and lye. 

99 99 99 99 99 


188 

186 

179 

166 

154 

108 

86 

121 

142 

163 

188 

197*5 

215 

247 


* Anisotropic phase near surface, mainly clear, viscous nigre. 
t 0*79^ W -KC1 with 2-47JNVK oleate. 


Effect of addition to 2*7SN^-solutions of potassium oleate. 


0*0 

0*2 

0*25 

0*30 

0*40 

0*50 

0*60 

0*80 

1*0 

1*65 


Aniso. plastic fluid, rigid. 


99 99 79 

Turbid, aniso., plastic fluid. 

Hetero. aniso. phase and clear, viscous nigre. 

99 99 99 99 99 

99 99 99 99 99 

Two layers, upper turbid and viscous, lower lye 


188*5 

170 

164 

158 

144*8 

125 

150*5 

175 

184 

217 
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Effect of addition to 3*0N ^-solutions of potassium oleate. 


Cone, of 

KC1 (N w ). Description, of material at room temp. (18°). 
0*0 Aniso. plastic fluid. 

0*1 99 99 a 

0*2 99 »* 99 

0*3 99 99 99 

0*4 „ „ ,, Slight turbidity. 

0*5 Viscous, semi-transparent system. 

1*0 99 99 99 99 

2*19 Turbid fluid, upper layer and lye. 

3*0 99 99 99 99 


Ti 

(visual). 

186 

172 

168 

156 

158 

176 

208 

237*5 


Effect of addition to 3-SN^-solutions of potassium oleate . 


0*0 Aniso. plastic fluid.* 200 

0*15 „ „ „ Quite firm. 210*5 

0*20 „ „ „ „ „ 216*5 

0*40 „ „ „ „ „ 224*5 

0*50 „ „ „ „ „ 228*0 


* Bigid but tending to turbidity. 


Effect of addition to ^•O'N^solutions of potassium oleate. 


0*0 Bigid, aniso., plastic fluid.* 

0*5 ,, 99 99 99 Turbid. 

1*1 Two layers, neat soap and nigre. t 


237*5 

240 

238 


* Definitely turbid. 

t Good separation of brown nigre, forming about J of system. 


Effect of addition to S-ON^-solutions of potassium oleate . 

0*0 Very turbid, aniso., plastic fluid, rigid. 261 

1*0 Two layers, NT. soap and nigre.* 260 

* Good separation of brown nigre, £ of system. 

Fig. 2 represents the equilibria and the stable phases at 20°, 
It is the same equilateral triangle of unit height used in the previous 
papers, in which the respective corners represent 1 mol. of pure 
anhydrous potassium oleate, 1 mol. of potassium chloride, and 
1 kilo, of water; and in which the co-ordinates are the fractions of 
these three quantities, the sum of which for each point on the 
diagram is unity. Although not so easily read as the rectangular 
diagram (Fig. 3), it is much more satisfactory for a complete survey 
of the field. In Fig. 3 technical units are employed for convenience 
of comparison with soap-boiling data. 

Nearly half of each of Figs. 2 and 3 is occupied by the field of 
ordinary isotropic solutions. The general form of this extensive 
field resembles that for sodium palmitate (loc. cit*, Figs. 1 and 2), 
especially if the difference in temperature is taken into account. 
However, the greater solubility of potassium oleate is reflected in 
the distinctly larger amounts of salt which can be added without 
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destroying the homogeneity of the solution. The field of middle 
soap, though in both cases only approximately delimited, is much 
more prominent with potassium oleate, whereas the neat soap fields, 
as far as known, are fairly similar. The field representing crystal¬ 
line soap is confined to a small part of the uppermost corner of the 
diagram on account of the low degree of hydration of crystals of 
potassium oleate. This field likewise requires further study. 

In the previous communication (Zoc. cit 9 p. 858) the possibility 
of the existence of a three-phase system, viz., neat soap, nigre and 


Fig, 4. 

KOI 



Solubility curves of 'potassium chloride and potassium oleate at 20°, 60°, 
90°, 120°, 150°, 180°, and 210° showing the extreme limits of the field of 
homogeneous isotropic solutions capable of existing at these temperatures . The 
point M is the only concentration at which middle soap can exist up to 183° / 
above this temperature it is isotropic . 


lye, is briefly discussed, and it is shown that it is confined to a 


negligibly narrow region. This is again the finding in the present 
case, but since a few instances have been met with where apparently 
these three phases stably co-exist over a very narrow range, 
corresponding provision has been made in Kgs. 2 and 3 of the 
present paper by indicating the very narrow triangle connecting 


the compositions of these three phases immediately to the right of 
. the projecting portion of the isotropic field. In Fig. 2 of the previous 
, triangle was represented by a single heavy tie-line, 
through inadvertence, in Fig. 1 it was omitted altogether. 
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For practical purposes, whether this region is a single line or such 
a very narrow triangle is of no importance. 

M. C. Field attempts to test this question for us by preparing 
five solutions each of which was 0*52V w -potassium oleate and con¬ 
tained amounts of total potassium chloride ranging from 1-70 N w to 
1-99^. All five exhibited three layers, the proportion of the 
middle layer being greatest in the first and progressively less in the 
others and the amount of upper layer changing accordingly. This 
would at first sight appear to establish the existence of the suggested 


Fig. 6. 



Limits of existence^ in technical units , of homogeneous 
isotropic solutions containing potassium chloride and potassium 
oleate at 20°, 00°, 90°, 120°, ISO 0 , and 210°, showing the two 
regions in which solutions of pure soap form isotropic 
solutions at 210°. 

triangular field and give it a maximum width on the diagram extend¬ 
ing from fractional proportion of potassium chloride « 0*53 to 0*57. 
However, the refractive index of the lye as well as of the middle 
layer changed progressively with the total composition of the 
system instead of each phase being identical in composition for all 
cases and varying only in amount. This is, then, direct proof that 
complete equilibrium was not attained and that the suggested 
triangle must be much narrower, having a width of only 1% or so 
of the total width of the diagram. > 

Figs. 4 and 5 present the isotherms which bound the field of 
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isotropic solutions at various temperatures from room temperature 
up to 210°* These have been much more carefully worked out than 
in the case of palmitate, and in addition to, the actual experimental 
points indicated in the diagram the position of the isotherms was 
checked by a series of graphs representing cross sections of the 
triangular space model for various normalities of soap. 

Whereas the maximum temperatures at which middle soap can 
exist are lowered by the addition of salt, sections 11 and 13 of 
Table II indicate that in neat soap they are not much affected. 

Summary. 

1. The equilibria between the various forms of a potassium soap 
are very similar to those for a sodium soap. 

2. All the soap phases that exist in the three-component system, 
including salt, are found in the simpler system, soap and water, 
where also their separation is spontaneous; that is, they “ salt 
out ” in the absence of salt and may even be observed at room 
temperature. 

3. The limits of the field of existence of isotropic liquid solutions 
of potassium oleate with and without potassium chloride have been 
accurately determined for temperatures up to 210°. This single 
phase includes wholly crystalloidal solutions and ranges at sufficiently 
high temperatures from pure water up to pure anhydrous liquid 
potassium oleate, the two being miscible in all proportions above 300°. 

4. Improvements in the methods of optical investigation have 
enabled progress to be made with the delimitation of the two 
important anisotropic liquids, neat soap and middle soap. Both 
neat soap and middle soap are typical conic anisotropic liquids. 

Our warm thanks are due to Messrs. Chris. Thomas and Bros., 
Ltd., who supported this work by awarding to one of us (W. J. E.) 
a Colston Research Fellowship. 

The University, Bristol. [Received, November 12th, 1925.] 


LVI.— Tetrahydroacridine , Octahydroacridine, and their 
Derivatives . Part IL Resolution of the Octahydro~ 
acridines (A) and (B), 


By William Henry Perkin, jun., and William Greenwell 

Sedgwick. 

Bart I of this investigation (Perkin and Sedgwick, J., 1924, 
, 2437) it was, shown that the reduction of tetrahydroacridine (I) 
and hydrochloric acid leads at once to the formation of 
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two octahydroacridines (A, m. p. 82°, and B, m. p. 72°), four atoms 
of hydrogen being absorbed. It is remarkable that, in spite of 
careful search, no intermediate product of reduction could be 
detected, because it was to be expected that the carbon-nitrogen 
conjugated system •QIC'C'N* would, in the first place, absorb two 
atoms of hydrogen to yield a hexahydroacridine (II) containing 
the grouping, ^C*CIC*N*. 



Experiment showed that, if less reducing agent is employed than 
is necessary to convert the whole of the tetrahydroacridine into 
octahydroacridine, the product is a mixture of octahydroacridine 
and unchanged tetrahydroacridine. If, as may be assumed to be 
the case, hexahydroacridine (II) is the intermediate stage, it is 
probable that this substance is more readily reduced than tetra¬ 
hydroacridine and is therefore at once converted into octahydro¬ 
acridine, the corresponding amount of tetrahydroacridine remaining 
unchanged. It was pointed out in the previous communication 
(p. 2440) that remarkable as the observation seemed at first, the 
formation of two octahydroacridines by the addition of four atoms 
of hydrogen to tetrahydroacridine (I) is strictly in accordance with 
structural theory. 

If the model (compare Sachse, Ber., 1890, 23, 1363; Mohr, 
J. jpr. Chem ., 1918, 98, 315) be set up and examined, it is at once 
evident that the pairs (III) and (IV) should result from the addition 



NH EL 



of four hydrogen atoms to tetrahydroacridine and that both pairs 
should be resolvable into their d- and Z-constituents. In order to 
prove that the configurations (III) and (IV) actually represent the 
two octahydroacridines (A) and (B), it was clearly necessary to 
demonstrate that both these substances can be resolved into active 
constituents. In our first experiments, resolution was attempted 
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with the aid of bromocamphorsulphonic acid, but without im¬ 
mediate success. It was then discovered that the salts of (A) 
and (B) with the d- and Z-camphoTsulphonic acids are sufficiently 
well characterised to allow of satisfactory fractional crystallisation, 
and in this way resolution was achieved in both cases. When the 
pure salts were decomposed by alkali, they at once yielded the 
d - and Z-modifications of the octahydroacridines (A) and (B) in a 
pure state. 

The stages in these resolutions will be clearly understood from 
the following tables: 


(I) Resolution of dd-Octahydroacridine (A } m. p. 82°). 
<2-Camphorsulphonic acid l - Camphor sulphonic acid 

1-0 ctahydroacridine (-4) d -camphor- d-0 ctahydroacridine (A) 1 -campJior - 

sulphonate (m. p. 183°) sulphonate \ 


NaOH 


I 


NaOH 


m. p. 182°) 


1-0 ctahydroacridine (4.), m. p. 85°, d -0ctahydroacridine (4), m. p. 84*5°, 

£a]„ —32°. [a], +34°. 

Mean rotation [a] D ±33°. 


(II) Resolution of dl-Octahydroacridine (B, m. p. 72°). 
d-Camphorsulphonic acid l -Camphorsulphonic acid 


i 


l-Octahydroacridine (B) d-camphor- 
sulphonate (m. p. 172°) 


llpfl 

Y 


NaOH 


I 


d-0ctahydroacridine (B) 1-camphor- 
8 idphonate (m. p. 172°) 


NaOH 


1-0 ctahydroacridine (B) t m. p. 73°, 
[a]* -24°. 


I 


d-0 ctahydroacridine (B), m. p. 73°, 
[a] D +22°. 


Mean rotation [a] D ±23° 


When the corresponding d- and Z-modifications are mixed, the 
inactive forms are at once produced, but loss of activity also occurs 
gradually when the d- or Z-modifications are heated at or above 
their melting points and the change to the inactive form is complete 
on distillation under reduced pressure. It is curious, both in the 
case of (A) and of (B), that the inactive modification melts at a 
somewhat lower temperature than the active constituents, suggest¬ 
ing that the cZZ-modification may be a mixture and not a true racemic 
compound* It is interesting also that, on boiling with acetic 
anhydride, Z-octahydroacridine (A) is converted into the acetyl 
derivative of dZ-octahydroacridine (A) (m. p. 86°) described in the 
i|ftpvipus communication (p. 2449), 

far, 'sufficient evidence is not available to enable definite 
■c^Mf^gurations to be assigned to the octahydroacridines (A) and (B), 
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but it is significant that, when tetrahydroacridone is reduced by 
sodium amalgam (Zoc. cit., p. 2449), the product consists entirely 
of modification (A). The probability in this reduction is that the 
hydrogen atoms will add themselves on to the double linking in 
the direction indicated in (III) and we are for this reason inclined 
to assign the configuration (III) to octahydroacridine (A). In the 
earlier communication (p. 2450) it is shown that isatin condenses 
with cyclohexanone to yield tetrahydroacridinecarboxylic acid 
(compare Borsche, Ber., 1908, 41, 2207) and that this acid yields, 
on reduction with sodium amalgam, a mixture of octahydroacridine- 
carboxylic acids (A) and (B), which, on distillation, decompose with 
elimination of carbon dioxide and formation of the oetahydro- 
acridines (A) and (B). These acids are doubtless also ^-modific¬ 
ations corresponding to (III) and (IV) and experiments on their 
resolution are in progress. 

During the course of these resolution experiments, we thought it 
desirable to be able to confirm the results obtained with the octa- 
hydroacridines (A) and (B) by the investigation of another case of 
the same kind. We therefore condensed 1 -methylcycZohexan-3-one 
with (i) o-aminobenzaldehyde and (ii) isatin. In (i) we obtained a 
substance melting at 71° which may be either 6- or 8 -methyltetm* 
hydroacridine and in (ii) a 6(or 8) -methyltetrahydroacridinecarboxylic 
acid (m. p. 296°) which, on heating, yielded the same parent sub¬ 
stance melting at 71°. When this substance is reduced with tin and 
hydrochloric acid, it is converted into a mixture of 6(or 8)-methyl- 
octahydroacridines (, A , m. p. 92°) and (B, m. p. 80°), and again 
(compare above) only the modification (A) is produced when 
6(or 8)-methyltetrahydroacridone ( loc . cit , p. 2442) is reduced with 
sodium amalgam. Of these modifications, the substance (A) has 
been resolved with the aid of the d- and Z-camphorsulphonic acids 
and the active modifications have [a] D + 20° and — 28°, respect¬ 
ively, or a mean rotation of [a] ±24°. 

Experimental. 

The Z-camphorsulphonic acid used in this research was prepared 
by sulphonating Z-camphor with a mixture of sulphuric acid and 
acetic anhydride as described by Reychler {Bull. Soc. chim ,, 1898, 
111, 120). The tZ-acid was supplied by the British Drug Houses. 
Both gave physical constants in good agreement with those quoted 
in the literature, melting, in the anhydrous form, at 193° and 
showing, in solution as ammonium salts, [a]x> -± 19-9°. The octa¬ 
hydroacridine (A) (m. p. 82°) used in the following experiments was 
obtained partly by the reduction of tetrahydroacridone with sodium 
amalgam, and both the (A) and (B) modifications were prepared 
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in quantity by the reduction of tetrahydroacridine and separated 
by the sulphuric acid method (compare Perkin and Sedgwick, loc. 
tit., p. 2448), 

Resolution of dl-Octahydroacridine (4) (m. p. 82°).—This dl -base 
(20 g.) s dissolved in the min im um quantity of hot alcohol, was 
added to a concentrated solution of the equivalent quantity of 
d-camphorsulphonic acid (24*9 g.), and the mixture left over-night. 
The mother-liquor was then decanted from the crystalline mass of 
crude 1 -octahydroacridine (A) d-camphorsulphonate, the crystals 
(24 g.) were quickly washed with a little alcohol, dissolved in the 
minimum quantity of boiling alcohol, and allowed to recrystallise.^ 
This operation was repeated four times, the final product, 1 -octa¬ 
hydroacridine (A) d-camphorsulphonate (8 g.), separating in large, 
colourless prisms, m. p. 182° (Found: C, 65*4; H, 7*7. 
C 13 H 17 N,C 10 H 15 O-SO 3 H requires C, 65*9; H, 7*9%; 0*6084 re¬ 
quired 14*55 c.c. of JV/lO-NaOH for neutralisation, whereas the 
theoretical amount is 14*5 c.c.). 

In order to separate the free base, the salt was dissolved in 
alcohol, and the solution carefully neutralised with N /10-sodium 
hydroxide, phenolphthalein being used as indicator; the precipit¬ 
ation was then completed by the addition of water, and the base 
extracted three times with ether. The ethereal extract was dried 
over sodium sulphate and concentrated; 1 -octahydroacridine [A) 
then separated slowly in well-defined plates, m, p. 85° (Found: 
C, 83*2; H, 9*1. C 13 H 17 N requires C, 83*4; H, 9*1%). 0*5 G. 
in 20 c.c. of alcohol (c = 2*5) gave, in a 1-dcm. tube, a — 0*80°, 
whence [a] D = — 32°. 

d ^Octahydroacridine (A) was isolated in the same manner by means 
of Z-camphorsulphonic acid and melted at 84*5° (Found : C, 83*0; 
H, 9*0%). [a] D in alcohol, + 34° (c == 2*5) and in acetone, -f 29° 
(c = 2*0). Both active modifications undergo racemisation on 
distillation and when equal quantities were mixed and the mixture 
was crystallised from ether, the dl -base (A) obtained melted at 
82*5°. The melting point of a mixture of approximately equal 
quantities was 83°. The mother-liquor from the first crystallisation 
of Z-octahydroacridine (A) d-camphorsulphonate deposited, on 
further concentration, several crops of crystals of varying rotation. 
The last of these, on repeated recrystallisation, yielded ultimately 
a crop which was nearly pure d -octahydroacridine {A) d-camphor - 
mlphonate (m. p. 180°), since the base, set free on neutralisation, 
had, in alcohol, [a] D + 25°. 

; Resolution of dl-Octahydroacridine ( B) (m. p. 72 Q ).—This dZ-base 
f” (J& g.) was slowly dissolved in a warm concentrated aqueous solu- 
of d-camphorsulphonic acid (15 g.), the excess of acid over 
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that theoretically required to neutralise the base (12*4 g.) being 
necessary to effect complete solution. After 12 hours, the crystal¬ 
line mass was collected, washed with alcohol, and dried between 
blotting paper, the filtrate (0) being preserved for subsequent 
treatment. 

The crude ^octahydroacridine (B) d-camphorsulphonate crystallised 
from water with one molecule of the solvent, which was removed 
by drying in a desiccator over sulphuric acid or by heating in an 
air-oven. 

The salt was then subjected to two crystallisations from alcohol; 
the -ultimate yield of pure anhydrous Z-octahydroacridine (B) 
^-camphorsulphonate was 4 g. and the salt melted at 172° with 
previous softening. 0*4693 G. of the salt required 11*1 c.c. of 
N /10-sodium hydroxide for neutralisation, whereas the theoretical 
amount is 11*2 c.c, 

1 -Octahydroacridine (B) was obtained from this salt by neutralis¬ 
ation with sodium hydroxide and separated from petroleum (b. p. 
40—60°) in colourless plates, m. p. 73° (Found : C, 83*1; H, 9*5. 
C 13 H 17 N requires C, 83*4; H, 9*1%). [a] D in alcohol (c — 2*5), 
— 24°; [a] D in acetone (c = 1*0), — 19°. 

The filtrate (O), after removal of the crystals which had separated 
on further standing, was neutralised with sodium hydroxide, and 
the precipitated base extracted with ether. The ethereal extract 
was evaporated in a vacuum desiccator, and the crystalline residue 
(4 g.) showed a small dextrorotation in alcoholic solution. 

This material was combined with Z-camphor sulphonic acid under 
the conditions already described, the salt purified by repeated 
crystallisation, and the d -octahydroacridine (B) precipitated by 
neutralisation* with sodium hydroxide. The base melted at 73° 
and had [ot]i> in alcohol (c = 2) + 22°. 

The salts of octahydroacridine (B) with the camphorsulphonic 
acids are more soluble than those of the isomeride (A), particularly 
in anhydrous alcohol. This property may be utilised as a method 
for the separation of the two isomerides, in which case the mixture 
resulting from the reduction of tetrahydroacridine with tin and 
hydrochloric acid (Zoc. cit , p. 2448) is dissolved in a warm con¬ 
centrated alcoholic solution of the equivalent quantity of d-oamphor- 
sulphonie acid and allowed to crystallise. The first crop of crystals 
consists of almost pure octahydroacridine (A) i-camphorsulphonate 
and can be used directly for the resolution of the base. 

6(or 8) -Methyltetrahydroacridine .—In preparing this substance, 
a mixture of o-aminobenzaldehyde (3 g.) with l-methylc^cZohexan- 
3-one (5 g.) was heated in an oil-bath at 100° for about an hour 
and then at 130° for 1| hours. On distilling the product under 
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reduced pressure (15 mm.), water and unchanged methyl cyclo¬ 
hexanone passed over below 120° and then methyltetrahydroacridine 
(3 g.) distilled at about 150° as a pale yellow oil which quickly 
solidified. The base crystallised from petroleum in colourless 
plates, m. p. 70—71° (Found : C, 85-0; H, 7-5. C 14 H 15 N requires 
C, 85*3; H, 7*6%). The picrate , prepared by mixing solutions of 
the base and picric acid in hot alcohol, crystallised on cooling in 
yellow prisms, m. p. 182° (darkening). 

6(or $)-Methyltetrahydroacridinecarboxylic Acid .—A solution of 
isatin (10 g.) in potassium hydroxide (42 c.c. of 30%) was mixed 
with alcohol (80 c.c.) and l-methylc^/cZohexanone (20 g.) and 
refluxed for 12 hours. The alcohol was evaporated in an open 
basin, the viscid residue mixed with water, the semi-crystalline 
scum removed by filtration, and the methyltetrahydroacridinecarb- 
oxylic acid precipitated as a fine, yellow, crystalline powder by the 
addition of 50% acetic acid. 

The dried product is pure enough for most purposes and is very 
sparingly soluble in the usual solvents. It separates from much 
alcohol in minute, yellow needles, m. p. 296° (decomp.) (Found : 
C, 74*8; H, 6*6. C 1B H 1? OJK[ requires C, 74*7; H, 6*2%). The 
acid (10 g.) was heated in a distilling flask at its melting point 
until evolution of carbon dioxide had ceased and the dark liquid 
was then distilled under 15 mm. pressure; 6(or &)-methyltetrahydro- 
acridine passed over as a pale yellow oil which immediately crystal¬ 
lised. The recrystallised material melted at 70—72° and gave no 
depression of melting point when mixed with a specimen prepared 
by the o-aminobenzaldehyde process just described. 

The 6(or S)~Methyloctahydroacridines, —Methyltetrahydroacridine 
was reduced with tin and hydrochloric acid under the conditions 
described in the case of tetrahydroacridine (loc. cit., p. 2448), and 
the resulting two methyloctahydroacridines (A) and (B) were 
separated in a manner similar to that employed in the separation 
of the octahydroacridines (A) and (B) (loc. ciL). Methyloctahydro * 
acridine (A) was also obtained by the reduction of methyltetra- 
hydroacridone and separated from ether or petroleum in colourless 
prisms, m. p. 92°. It was resolved with the aid of d- and Z-camphor- 
sulphonic acids exactly as described in the case of the octahydro¬ 
acridines (A) and (B). The d- and Z-isomerides melt at 92° (Found 
for the cZ-isomeride; C, 83*4; H, 9*4. C 14 H 19 N requires C, 83*6; 
H, 9*5%). 0*09 G. of the ^-modification, dissolved in 15 c.c. of 
alcohol (c = 0*6), gave in a 1-dcm. tube, a = + 0*12°, whence 
0*1 G. of the Z-modification, dissolved in 20 c.c. of 
* 0*5), gave in a 2-dcm. tube, a — 0*28°, whence 
the mean rotation is therefore [a] D ± 24°. 
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The sulphate of d^methyloctahydroacridine (B) is more readily 
soluble than the sulphate of the modification (A), and the base 
melts at 80°; no attempt was made to resolve it into its active 
modifications. 

One of us (W. G. S.) desires to express his thanks to the Salters 9 
Institute of Industrial Chemistry for a Fellowship which has 
enabled him to engage in this investigation. 

The Dyson Perrins Laboratory, Oxford, 

University College, London. [Received, December 28 th, 1925.] 


LVII .—The Conversion of Berberine into fi-Homo- 
chelidonine (a-siW.oCryptopine). 

By Bobert Downs Haworth and William Henry Perkin, jun. 

During the course of the investigation of cryptopine and protopine 
(Perkin, J., 1916, 109, 815; 1918, 113, 493, 722; 1919, 115, 713) 
it was shown that these alkaloids contain a ten-membered ring, 
and J that cryptopine and dihydrocryptopine are converted into 
quaternary chlorides, containing the berberine skeleton, when they 
arejxeated with phosphorus oxychloride ; 


OMe OMe 



j Dihydrocryptopine* Tetrahydroepiberberine methochloride . 


Subsequently Gadamer {Arch. Pharm 1919, 257, 298; 1920, 
258, 148) found that j3-homocheIidonine; one of the alkaloids occur¬ 
ring in Sanguinaria canadensis and Ghelidonium magus , is con¬ 
verted into dihydroberberine methochloride, and dihydro- p-homo- 
chelidonine into tetrahydroberberine methochloride under similar 
conditions. Gadamer therefore concluded that (3-homochelidonine 
must, like cryptopine, contain a ten-membered ring and that the 

Q 



446 HAWORTH AND PERKIN : THE CONVERSION OF BERBERINE 


change into diliydroberberine methochloride is to be represented 
thus : 


0-|CH 2 
CH a jf 

A/vy - 

MeOy I ^NMe iCH 2 
MeO CH 2 CH 2 • 

^‘Homochelidonine. 



It is in view of this close relationship that Gadamer (he. cit.) 
suggested the name a-aZZocryptopine for p-homochelidonine. 

The synthesis of berberine recently achieved by Perkin, Ray, 
and Robinson (J., 1925, 127, 740; compare Spath, JBer. } 1925, 
58, 2268) will, it is hoped, serve as a basis for the synthesis of 
other alkaloids of similar constitution and it now became important 
to devise a method which would enable synthetical alkaloids of 
the berberine type to be converted into alkaloids like cryptopine, 
protopine, and p-homochelidonine with which they are clearly 
closely allied. The present investigation is concerned with such a 
method, namely, with the conversion of berberine into p-homo- 
chelidonine. The development of the process to the synthesis of 
cryptopine and the allied alkaloids will, it is hoped, form the subject 
of future communications. 

It has long been known (Yoss and Gadamer, Arch. Pharm., 1910, 
248, 43; Freund, Anncden , 1913, 397, 1; Pymah, J., 1913, 103, 
817 ; McDavid, Perkin, and Robinson, J., 1912,101,1220; Perkin, 
J., 1916, 109, 952) that tetrahydroberberine methohydroxide (I) 
loses water when its aqueous solution is evaporated in a vacuum 
and yields as chief product anhydrotetrahydromethylberberine 
(anhydromethylcanadine) (II), a remarkable change which results 
in the formation of a substance containing a ten-membered ring 
and in which the various groups occupy the same relative positions 
as in p-homoehelidonine. 
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The realisation of this comparatively simple change proved to 
be a very difficult problem, mainly because the usual methods are 
not applicable to anhydrotetrahydromethylberberine. This sub¬ 
stance exhibits a remarkable tendency, when treated with many 
of the usual reagents, and indeed merely on boiling with alcohol 
or chloroform, to revert to tetrahydroberberine methohydroxide or 
its salts with consequent loss of the ten-membered ring (compare 
Pyman, loc. cit., p. 834). We observed the same change when an 
ice-cold solution of the base in chloroform was treated with bromine, 
since the crystalline perbromide which separated yielded tetra¬ 
hydroberberine methobromide on decomposition with sulphurous 
acid. A series of experiments on the action of oxidising agents on 
anhydrotetrahydromethylberberine did not lead to the desired 
result, although interesting oxidation products were obtained, when 
this base was treated with silver hydroxide or hydrogen peroxide, 
which will be discussed in a future communication. 

Some years since (Ber., 1909, 42, 4811; 1910, 43, 959), Priles- 
hajew carried out an important piece of work in the course of 
which he showed that ethylene derivatives, *CH=CH% yield 


ethylene oxides, •CH—CH-, on treatment with perbenzoic acid, 
and it seemed probable that, if this change could be brought about 
in the case of anhydrotetrahydromethylberberine, the resulting 
ethylene oxide grouping might be made to isomerise to *CO*CH 2 * 
and thus lead to the formation of p-homochelidonine (compare 
Weitz and Scheffer, j Ber., 1921, 54, 2344). 

When an ice-cold solution of the base (II) in chloroform is added 
to an ice-cold solution of perbenzoic acid, the ethylene oxide deriv¬ 
ative does not appear to be produced. Oxidation takes place 
rapidly, however, and a base, C 21 H 23 0 5 N, isomeric but not identical 
with p-homochelidonine, is obtained in good yield. This curious 
substance crystallises from water, decomposes at 135°, and yields 
a hydrochloride, C 21 H 23 0 5 Kf,H01, which is sparingly soluble in 
water. These and other properties seem to indicate that it is 
an amine oxide containing the group 


PIT 
UJtl 

vw 


A/ 

h 2 c 




/ 


■NMe 'CH, 


(III.)- 



In connexion with the formation and properties of this substance, 
it is interesting to note that Meisenheimer {Ber., 1919, 52 , • 1867) 
has observed that perbenzoic acid converts methylallylaniline into 
the amine oxide, CH^ICH'CHg'NMePhlO, without affecting the 

Q 2 
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ethylenic linking of the allyl group. He shows that this amine 
oxide undergoes a curious isomeric change to phenylmethylallyl- 
hydroxylamine, CH 2 *CH*CH 2 *0-NMePh, when heated with alkalis, 
and Bamberger and Leyden (Ber., 1901, 34,12) state that dimethyl- 
aniline oxide is converted into a mixture of o- and p-dimethyl- 
aminophenol by contact with sulphuric acid. 

These curious isomeric changes encouraged us to examine in 
detail the action of various reagents on anhydrotetrahydromethyl- 
berberine oxide (III) and it was ultimately observed that in the 
presence of glacial acetic acid and hydrochloric acid, this amine 
oxide isomerises to a basic substance which crystallises from ethyl 
acetate in colourless prisms, m. p. 160—161°, and is identical with 
p-homochelidonine. The synthetic alkaloid gave no depression in 
m. p. when mixed with*a specimen of p-homochelidonine, for which 
we are indebted to Professor Gadamer; the hydrochloride was 
readily soluble in water and crystallised from alcohol-ether in 
colourless needles which were identical in appearance and behaviour 
with the hydrochloride of the naturally occurring alkaloid. The 
garnet-red aurichloride, m. p. 190—192° (decomp.), had all the 
properties of the double salt prepared from the natural product, 
whilst the colour reactions of the synthetic and the natural 
alkaloid with concentrated sulphuric acid, Frohde’s, and Erdmann’s 
reagents were indistinguishable. We propose to investigate the 
mechanism of the above synthesis, more particularly in regard 
to the action of other reagents on the amine oxide, and details 
of this work as well as of the extension of the method to the 
synthesis of cryptopine, protopine, and allied alkaloids are reserved 
for a later communication. 

Experimental. 

Anhydrotetrahydromethylberberine was prepared as recom¬ 
mended by Pyman ( loc . cit, p. 833), but we found it advisable to 
use as little excess of silver hydroxide as possible in the preparation 
of tetrahydroberberine methohydroxide. Tetrahydroberberine 
methiodide, dissolved in boiling water, is agitated for £ hour with 
the calculated amount of silver hydroxide, and the solution is 
filtered hot and tested for unchanged methiodide with silver nitrate. 
If iodide is still present, a further small quantity of silver hydroxide 
is added and the process repeated if necessary. The whole is then 
filtered and the solution evaporated exactly as described by Pyman. 
perbenzoic acid used in these experiments was prepared by the 
^^^tod of Baeyer and Villiger ( Ber 1900, 33, 1575). It was 
with ether and the content of the ethereal solution 
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estimated, immediately before use, by titration with potassium 
iodide and A/lO-sodium thiosulphate. 

Anhydrotetrahydromethylberberme Oxide . — Anhydrotetrahydro- 
methylberberine (2 g.), dissolved in dry chloroform, was gradually 
added to a solution of perbenzoic acid (estimated as 1*8 g.) in ether 
(100 c.c.), maintained below 5° by immersion in ice. An oil 
gradually separated which sometimes crystallised on standing. 
After remaining over-night, the mixture was shaken with 10% 
sodium hydroxide; the amine oxide then solidified as a white 
solid (1*5 g.) and was collected after several hours. A second crop 
may be obtained from the filtrate by the careful addition of strong 
sodium hydroxide. 

Anhydrotetrahydromethylberberine oxide crystallises from water in 
colourless, slender prisms, m. p. 135° (decomp.) (Found: C, 68*1; 
H, 6*5. 0 21 H 23 0 6 N requires C, 68*3; H, 6*2%). It is soluble in 
chloroform or acetic acid, moderately easily soluble in ethyl acetate, 
and almost insoluble in ether or petroleum. It dissolves in hot 
water, but is less soluble in sodium hydroxide solution. On cooling 
the solution of the base in hot dilute hydrochloric acid, the hydro - 
chloride separates in colourless nodules, m. p. 203° (decofhp.) with 
previous darkening. It is more soluble in water than in dilute 
hydrochloric acid (Found: C, 62*2; H, 6*0. C 21 H 23 0 6 N,HC1 
requires C, 62*1; H, 5*9%). 

$-Homochelidonine .—The amine oxide (1*5 g.), dissolved in 
glacial acetic acid (10 c.c.) and concentrated hydrochloric acid 
(5 c.c.), was heated in rapidly boiling water for an hour, the pale 
yellow solution diluted with water, made alkaline with potassium 
hydroxide,* and the cream-coloured solid collected. This was dis¬ 
solved in methyl alcohol (20 c.c.), mixed with ether (200 c.c.), the 
ethereal solution washed with water until free from methyl alcohol, 
rapidly dried over potassium carbonate, and concentrated to a 
small bulk. On standing, p-homochelidonine separated; it crystal¬ 
lised from ethyl acetate in brilliant, colourless, monoclinio prisms, 
m. p. 160—161° (Found : 0, 68*3; H, 6*5. Calc, for C 2I H 83 0 5 N : 
C, 68*3; H, 6*2%). The crystals were exactly like those of a 
specimen of (3-homochelidonme which Professor Gadamer very 
kindly sent us and there was no change in melting point when 
the two specimens were mixed. 

Synthetic p-homochelidonine dissolves in concentrated sulphuric 

* The base is not completely precipitated from its salts by the addition of 
ammonia, and this property of jS-homochelidonine is made use. of in the 
isolation of the alkaloid from the plant (Schmidt and Selle, Arch. Pharm 
1890,828,441). 
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acid to a yellow solution which rapidly becomes violet and slowly 
changes to bright red. With Frohde’s reagent, a yellow solution is 
obtained which soon becomes violet and then passes through 
brilliant blue to bluish-green. The base dissolves in Erdmann’s 
reagent to a yellow solution which rapidly becomes violet and then 
dirty violet. These colour reactions are indistinguishable from 
those exhibited by the specimen of naturally occurring j3-homo- 
chelidonine under similar conditions. The hydrochloride was 
obtained by dissolving the base in dilute hydrochloric acid and 
evaporating to dryness. The residue dissolved readily in alcohol 
and, on addition of ether, the hydrochloride slowly separated in 
slender, colourless, silky needles which turn yellow and. shrink at 
about 170° and decompose at about 190°. The hydrochloride of 
the natural alkaloid possessed identical properties. The auri- 
chloride separated on addition of gold chloride to the solution of 
the base in dilute hydrochloric acid, and crystallised from alcohol 
in warts of garnet-red crystals, m. p. 190—192° (decomp,). No 
alteration in m. p. was observed when this sample was mixed with 
the garnet-red aurichloride prepared in the same way from natural 
P-homochfelidonine. 

One of us (R. D. H.) desires to thank the Commissioners of the 
1851 Exhibition for a studentship, and the Government Grant 
Committee of the Royal Society and the Research Fund Committee 
of the Chemical Society for grants towards the expense of this 
investigation. 

The Dyson Perrins Laboratory, 

Oxford. [Received, December 2$tk, 1925.] 


LVIII.— lO-Chloro-5 :10 -dihydrophenarsazine and its 
Derivatives . Part I. The Synthesis, Preparation , 
and Some Properties of lO-Chloro-5 :10 -dihydro- 
phenarsazine. 


By Harold Burton and Charles Stanley Gibson, 

The reaction between arsenious halides and secondary aromatic 
amines was the subject of a patent of F. Bayer & Co. (D.R.-P* 
§1049, Friedlander, “ Fortsehritte,” 1914, XII, 843), and Wieland 
^Bheinheimer (Annalen, 1921, 423, 1) made a comprehensive 
the derivatives of the compound obtained by condensing 
chloride and diphenylamine. To this compound, Wie- 
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land and Eheinheimer gave the name “ phenarsazine chloride ” and 
ascribed to it the constitution 


AsCl 



which is the same as that ascribed to it by the patentees.* 


* Wieland and Rheinheimer {loc. cit .) prepared the compound phenars¬ 
azine, which undoubtedly has the structure 


10 

9 AS i 



5 


The product of the reaction between diphenylamine and arsenious chloride 
is derived from phenarsazine by the addition of hydrogen chloride. This 
compound has hitherto been variously known as “ diphenylamine arsenious 
chloride ” (Contardi, Giom . Chim. Ind . Appl., 1920, i, 11; ii, 100), “ phenars¬ 
azine chloride ” (Wieland and Rheinheimer, loc . cit.), and <e 6-clilorophenare- 
azine” (Lee Lewis and Hamilton, J . Amer. Ghent. Soc., 1921, 43, 2218; Lee 
Lewis, Lowry, and Bergeim, ibid., p. 891). In systematically describing this 
class of compounds, the name phenarsazine is retained for the parent sub¬ 
stance and the atoms are numbered as indicated. The product of the 
reaction between diphenylamine and arsenious chloride and its simple deriv¬ 
atives are regarded as substitution products of 5 : 10-dihydrophenarsazine, 
at present unknown. ** Phenarsazinic acid,” which is already in use for 
the oxidation product of these derivatives, still applies. 

Although the patent referred to was taken out in 1913 and issued in the 
German Empire in December, 1914, the specification was not available in 
this country until September, 1920. Our knowledge of this type of hetero¬ 
cyclic compound \ip to 1918 was limited to that contained in a brief abstract 
of the patent, which referred only to the general reaction between arsenious 
chloride and diarylamines without mentioning any specific compound (J. 
Soc . Ghent . Ind., 1915, 34 , 636). It ought to be pointed out that Dr. W. 0* 
Ball independently prepared the compound early in 1918 (unpublished report 
of the Anti-gas Department) by the action of arsenious chloride on diphenyl- 
amine and examined a number of its simpler derivatives. Professor G. T. 
Morgan in 19JL8 (unpublished report) also studied the reaction and prepared 
certain analogues of 10-ohloro-5 : 10-dihydrophenarsazine. In preparing his 
" diphenylamine arsenious chloride,” Contardi (foe. cit.) heated diphenyl- 
amine hydrochloride and arsenious oxide together in the proportions for the 
following reaction to take place : 

2NH(C 5 H 5 ) 2 ,HC1 + As 2 0 3 -» 2NH(C 9 H 4 ) fi AsCI 4- 3H*0. 

The reaction as described by Contardi does take place, but we have not 
been able to obtain the high yield recorded, probably because the product of 
the reaction is decomposed rapidly by water at the temperature employed. 

The compound so easily obtained in almost quantitative yield by heating 
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The work now described was in progress before the paper by 
Wieland and Rheinheimer {loc. cit.) was available, and it seems 
desirable to describe our results, which supplement those of these 
two workers. 

The constitution ascribed to 10-chloro-5 :10-dihydrophenarsazine 
has been proved to be correct by the following synthesis, which may 
be represented diagrammatically: 



/\/AsO(OH) x /\ 

KJ 1 * 0 * Br \/ 


(II.) 


AsOOH AsCl 



(IV.) (V.) 


The first stage consisted in diazotising o-nitroaniline and couphng 
the diazo-compound with o-bromophenylarsenious oxide (I). The 
resulting compound, 2-bromo-6'-nitrodiphenylarsinic acid , is reduced 
to the corresponding compound (III) by means of ferrous 

hydroxide. By heating in amyl alcohol with potassium carbonate 
and a small quantity of copper powder, the amino-compound is 
readily converted into phenarsazinic acid (IV), and this, when 
reduced in hydrochloric acid-alcohol solution by sulphur dioxide, 
is readily converted into 10-chloro-5:10-dihydrophenarsazine 
identical with the substance prepared by the action of arsenious 
chloride on diphenylamine according to the equation 

NH(C 6 H s ) 2 + AsC1 3 = NH<q 6 S 4 >AsC1 + 2HC1. 

The preparation by Burton and Gibson (J., 1924, 1,25, 2277) of 
the jV,- acetyl, A-propionyl, and iY-benzoyl derivatives is confirm¬ 
atory evidence of the presence of the INH group in 10-chloro-5 :10- 
dihydrophenarsazine.* Wieland and Rheinheimer {loc. cit.) also 
have described the preparation of the iY-methyl derivative from 


together arsenious chloride and diphenylamine under the conditions described 
by previous workers is systematically described as 10-chloro-5 : 10-dihydro- 


i : • * Whilst 10 : 10'-oxy-5 : 10-dihydrophenarsazine reacts with acetyl chloride 
^ i'fe’^ve 10-chloro-5-acetyl-5 : 10-dihydrophenarsazine, benzoyl chloride and 
: oa^r-compbund react quantitatively as follows : 

;+ 2C 8 H 5 -C0C1 = 2NH(C e H 1 ) a AsCl + (C,H e -CO) a O. 
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arsenious chloride and N -methyldiphenylamine. In connexion 
with our work on the phenarsazinic acids of this group of com¬ 
pounds, it was important to prepare the corresponding acid (Burton 
and Gibson, Zoo. cit.) with a view to investigate its trypanocidal 
properties. * The only substance we have obtained by condensing 
arsenious chloride with ^-methyldiphenylamine and working up 
the product under the conditions described by Wieland and Rhein- 
heimer is 10-chloro-5 : 10-dihydrophenarsazine and not 10-chloro- 
5-methyl-5:10-dihydrophenarsazine (the 2V T -methyl derivative). 
The melting point of the material we isolated from this reaction 
(about 10% of the theoretical quantity) was unaffected on admixture 
with an authentic specimen of 10-ehloro-5 :10-dihydrophenarsazine. 
Whilst the melting point, quoted by Wieland and Rheinheimer, of 
the supposed A~methyl derivative is 203° (some 8—10° higher than 
that of 10-chloro-5 : 10-dihydrophenarsazine), its further charac¬ 
terisation is somewhat inconclusive.* Like Wieland and Rhein¬ 
heimer, we have failed to obtain the N -methyl derivative by attempt¬ 
ing to methylate 10-chloro-5 : 10-dihydrophenarsazine and we there¬ 
fore attempted to synthesise the compound according to the following 
scheme based on the method for obtaining the parent substance : 


AsO-OH AsCl 



(VII.) (VIII.) 


Whether the compound (VII) is actually formed we are unable to 
say, but when the product obtained by heating 2-bromo~&-methyl* 
aminodiphenylarsinic acid (VI) in amyl alcohol with potassium 
carbonate and copper powder is reduced in hydrochloric acid- 
alcohol solution with sulphur dioxide 10-ehloro-5-10-dihydro- 
phenarsazine, o-bromophenylarsenious chloride and methylaniline 
are obtained (see p. 459). While the iV-acyl derivatives of 10-chloro- 
5 :10-dihydrophenarsazine are prepared quite readily, the fact that 
we have been unable to prepare the iV-methyl derivative either 
directly or by synthesis is not easily explained. 

The most convenient way for preparing 10-chloro-5 :10-dihydro- 
phenarsazine in the laboratory is by heating one molecular proportion 
of diphenylamine with rather more than one molecular proportion 
of freshly distilled arsenious chloride in dichlorobenzene. The 

* The micro-analysis quoted by the above authors showed a nitrogen con¬ 
tent of 5-0%, the calculated values for OTtfOaHiJaAsCl and NMe(C 0 H 4 ) 2 AsCl 
being 5*05 and 4*95% of nitrogen, respectively. 
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product crystallises from the solution on cooling and is rapidly 
purified by extraction with carbon tetrachloride. The fact that the 
reaction between arsenious chloride and diphenylamine takes place 
slowly at the ordinary temperature * (actually a yield of 10% of the 
theoretical was obtained after 16 months) has enabled us to study 
the reaction somewhat closely. When the two reacting substances 
are mixed in the presence of a solvent, a white, crystalline substance 
having the composition HC1,NH(C 6 H 5 ) 2 ,AsC 1 3 , is slowly deposited. 
In a sealed apparatus no development of pressure was recorded, 
but the solution became dark green and crystals of 10-chloro- 
5 : 10-dihydrophenarsazine were slowly deposited. The same white 
crystalline substance was formed immediately on mixing diphenyl¬ 
amine hydrochloride and arsenious chloride, but no further reaction 
took place. On heating a mixture of arsenious chloride and diphenyl¬ 
amine or its hydrochloride in high-boiling solvents, the additive 
compound dissolves, a copious evolution of hydrogen chloride takes 
place, and I0-chloro-5 :10-dihydrophenarsazine is rapidly formed. 
From these results, it appears that at the ordinary temperature 
diphenylamine and arsenious chloride react to liberate hydrogen 
chloride which combines with unchanged diphenylamine, forming 
its hydrochloride which then crystallises as the additive compound 
with arsenious chloride. The substitution product is soluble and 
has not been isolated, but it is clear that this soluble compound is 
intermediate in the formation of the final product. If the mixture 
is not heated and no escape for the hydrogen chloride is provided, 
it is obvious that the reaction cannot go to completion. In view of 
the results of the large number of investigations on the action of 
arsenious chloride on aniline (summarised by Schmidt, J. Amer. 
C-hem . Soc., 1921, 43, 2449) it is quite probable that the soluble 
intermediate compound may have the composition (C 6 H 6 ) 2 N*AsCl 2 ‘ 
The ease of formation of 10-chloro-5:10-dihydrophenarsazine is 
very striking in view of the fact that usually para-substitution takes 
place when arsenic is introduced into the nucleus of aromatic 
amines. This is the case, not only in the formation of arsanilic acid, 
but also when arsenious chloride reacts with dialkylanilines 
(Michaelis and Babinerson, Annalen, 1892, 270, 139; Michaelis, 
Ber., 1908, 41, 1514); with monoalkylanilines and arylglycines 
(Poulenc Fr&res and Oechslin, French Patents 450214, 462276, and 
473704), The following scheme of reactions was therefore studied 
with a view to the preparation of p-phenylaminophenylarsenious 
chloride (diphenylamine-p-arsenious chloride), which obviously 

m investigation of the reaction between diphenylamine and arsenious 
at the ordinary temperature was carried out by the late Mr. D. C. 
^^td.one. of us (C. S. G.). 
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cannot be prepared directly from arsenious chloride and diphenyl- 
amine : 



/\ /\ 


\/\A/ 

NAo 

(XI.) 


AsClj, 


/NAsO(OH), 

<m AAA; 

NH 


r/' 



/\ 


/\/ 

NH 


'\J 


AsCl* 


(XIII.) 


The reduction of the arsinic acid (XII) in the usual manner causes 
the elimination of the arsenic, and diphenylamine is the main 
product of the reaction. Consequently it has not been possible to 
prepare p-phenylaminophenylarsenious chloride (XIII), although 
its A T -acetyl derivative (XI) is easily obtainable. In view of the 
ease with which 10-chloro-5 : 10-dihydrophenarsazine is obtained, 
this result is not unexpected. 

In studying the action of arsenious chloride on aniline, Schmidt 
(Zoo. cit.) isolated trianilinoarsine hydrochloride, (C 6 H 5 # NH,HC1) 3 As, 
which was first described by Schiff ( Compt . reneZ., 1863, 56, 268, 
1095). By heating this compound for a long time, either alone or 
in the presence of an excess of aniline, Schmidt claimed to have 
obtained 10-chloro-5 :10-dihydrophenarsazine, which he identified 
as the corresponding oxy-compound.* Schmidt states that the 
reaction which takes place may be expressed as follows : 
(C 6 H 6 *NH,HC1) 3 As « NH(C 6 H 4 ) 2 AsC 1 + C 6 H 6 *NH 2 ,HC1 + NH 4 C1. 
Since we have been able to isolate diphenylamine from the product 
obtained by heating the trianilinoarsine hydrochloride with an 
excess of aniline, it is possible that the formation of I0-chloro-5 : 10- 
dihydrophenarsazine may be due to the action of arsenious chloride 
on diphenylamine which is formed under these conditions. This 
possibility is supported by the fact that when arsenious chloride and 
(3-naphthylamine are heated together in o-dichlorobenzene solution 
14-cftZoro-14 :1 -difajdrodibenzopheywrsazine (XIV) 



* Schmidt states that the oxy-compound is crystallised from acetic acid. 
It has been known for some time (Wieland and Rheinheimer, loc . cit.) that 
under such conditions the oxy-compound is converted into the 10-aeetyI* 
5 : 10-dihydrophenarsazine. 

Q*2 
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is readily obtained with, elimination of ammonium chloride, and 
is identical with the product obtained by heating di-p-naphthyl- 
amine with arsenious chloride under identical conditions (D.R.-P., 
loc. cit.). a-Naphthylamine and arsenious chloride do not react 
to give a compound analogous to 10-chloro-5 :10-dihydrophenars- 
azine; the compound 1-chloro-l : l^-dikydrodibenzophenarsazine 
(XV) is, however, readily obtained from di- a-naphthylamine 
(D.R.-P., loc. cit.). 

The ease of the oo'-substitution in diphenylamine is also well 
illustrated by the preparation in good yield of 10 :10'-oxy-5 :10- 
dihydrophenarsazine from diphenylamine and arsenious oxide 
according to the equation : 

2NH(C 6 H 5 ) 2 + As 2 0 3 = [NH(C 6 H 4 ) 2 As] 2 0 + 2H 2 0. 

The reaction takes place readily at temperatures above 130° in the 
presence of phosphorus pent oxide. 

Regarding 10-chloro-5 : 10-dihydrophenarsazine, one of its most 
striking properties is its power of forming molecular compounds. 
Molecular compounds with acetic acid, s-tetrachloroethane, chloro¬ 
benzene, o-dichlorobenzene, acetone, carbon tetrachloride, and 
arsenious chloride have been isolated. 

The chlorine atom in 10-chloro-5:10-dihydrophenarsazine can 
be easily replaced by other atoms or groups. Some of these deriv¬ 
atives have been described by Wieland and Rheinheimer {loc. cit.). 
The most convenient way of preparing the corresponding bromo- 
and iodo-compounds—we have not succeeded in preparing the 
latter compound directly from diphenylamine and arsenious iodide 
—is by adding the corresponding concentrated halogen acid to the 
solution of the oxy-compound in acetic acid. The bromo- and 
iodo-compounds are formed almost quantitatively in a state of 
purity. The iodo-compound resembles the chloro-compountr in 
showing a similar tendency to form molecular compounds with, 
for example, benzene and acetic acid. Wieland and Rheinheimer 
noticed the solubility of the oxy-compound in methyl alcohol and 
isolated the colourless 10-methoxy-5 :10-dihydrophenarsazine. The 
analogous n-butoxy- and be foxy-compounds described in the 
present paper are also colourless and being more soluble than the 
methoxy-derivative are more useful in preparing other derivatives, 
for example, the sulpho-compound. 


Experimental. 

^p-BromopJbenylarsimc Acid , C 6 H 4 Br*AsO(OH) 2 .—o-Aminophenyl- 
'acid (36 g.) dissolved in hydrobromic acid (126 c.c.; d 1*265). 
‘ (63 c.c .) was diazotised at 0° with sodium nitrite (12*6 g.) 
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in water (25 c.c.). The cold diazo-solution was added gradually, 
with stirring, to a solution of cuprous bromide at 30—40°. (The 
cuprous bromide solution was made by boiling 16*5 g. of copper 
carbonate, 165 c.c. of hydrobromic acid, and copper until the 
solution was clear.) The solid matter was filtered off, and extracted 
with hot alcohol. The alcoholic extract was evaporated to dryness, 
boiled with sodium carbonate solution and filtered. On acidifying 
with concentrated hydrochloric acid, o-bromophenylarsinic acid 
(27 g.) separated in nearly colourless crystals, m. p. 201° (decomp.). 
The acid crystallises from aqueous alcohol in colourless prisms, 
m. p. unchanged (Found : As, 26-4. Calc., As, 26-7%). 

o-Bromophenylarsenious Oxide (I).—o-Bromophenylarsinic acid 
(14 g.) was dissolved in alcohol (14 c.c.)iand concentrated hydrochloric 
acid (14 c.c.) containing a trace of iodine. Sulphur dioxide was 
passed into the boiling mixture for 30 minutes; the chloroarsine 
then separated as a heavy oil. After evaporation of the alcohol, 
the oil was extracted with benzene. The benzene solution was 
shaken with ammonia (14 c.c.; d 0*880) and, after the mixture had 
cooled, the solid matter was filtered off. This was washed with 
water until free from ammonium chloride and dried. The benzene 
filtrate on evaporation gave a small quantity of the oxide. The 
yield was 92*5% of the theoretical. o-Bromophenylarsenious oxide 
is insoluble in most neutral solvents and melts at 234—238° (Found : 
As, 30*25. C 6 H 4 OBrAs requires As, 30*4%). 

2-Bromo-§'-nitrodiphenylarsinic Acid (II).—A suspension of 
o-nitroaniline (13*8 g.) in concentrated hydrochloric acid (80 c.c.) 
and water (250 c.c.) was cooled to 0° and diazotised with a solution 
of sodium nitrite (7*6 g.) in water. The filtered solution was added 
with stirring to a solution, at 20°, of o-bromophenylarsenious oxide 
(27*2 g.) in &N -sodium hydroxide solution (174 c.c.) diluted to 500 
c.c. with water, and containing 10 c.c. of 10% aqueous copper 
sulphate solution to which ammonia had been added to form the 
soluble complex. The mixture was stirred for 2 hours, made 
faintly acid to litmus, and filtered. On adding concentrated hydro¬ 
chloric acid to the filtrate, until Congo-paper turned blue, 2-bromo- 
6'-nitrodiphenylarsinic acid (19*6 g.) was precipitated. It crystal¬ 
lised from dilute alcohol in pale yellow prisms, m. p. 254—255° 
(decomp.) (Found: Br, 20*9; As, 19*2. C 12 H 9 0 4 NBrAs requires 
As, 19*4; Br, 20*7%). 

2-Bromo-Q'-aminodiphenylarsinic Acid (III).—Ferrous hydroxide 
was precipitated from a hot solution of ferrous sulphate (50 g.) in 
water (150 c.c.) by adding an excess of 25% sodium hydroxide 
solution. To the boiling suspension a solution of 2-bromo-6'-nitro~ 
diphenylarsinic acid (11*5 g.) in dilute sodium hydroxide was added 
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slowly with, stirring. The mixture was then boiled for 15 minutes. 
After filtration from the ferric hydroxide, the colourless solution 
was acidified with concentrated hydrochloric acid (Congo-paper), 
and the precipitated amino-acid (9*8 g.) filtered. It crystallised from 
dilute alcohol in colourless prisms, m.p. 213—214° (decomp.) (Found: 
As, 20*7; Br, 22*3. C 12 H 11 0 2 NBrAs requires As, 21*1; Br, 22*45%). 

2 -Bromo-&-methylaminodifhenylarsinic Acid (VI).—2-Bromo-6'- 
aminodiphenylarsinic acid (21*4 g.) was suspended in water (150 c.c.) 
and mixed with 7*6 g. pf methyl sulphate. After thorough mixing, 
a solution of sodium hydroxide (5 g.) in water (20 c.c.) was added in 
five portions at intervals of 30 minutes. The mixture was well 
shaken after each addition. The solution was then acidified with 
hydrochloric acid, and the crude acid filtered. This was dissolved 
in the minimum quantity of hot alcohol and allowed to cool; a erop 
of unchanged material (6*0 g.) was then obtained. The alcoholic 
solution was evaporated and a fraction (10*8 g.), m. p. 192—193°, 
obtained. This fraction on recrystallisation from alcohol melted 
at 193—194° (decomp.) (Found: C, 42*3; H, 3*7; Br, 21*6. 
Ci 3 H 13 0 2 NBrAs requires C, 42*2 ; H, 3*5; Br, 21*6%). 

2-Bromo-6'-dimethylaminodiphenylarsinic Acid .■—A mixture of 
2-bromo-6'-aminodiphenylarsinic acid (4*3 g.) and methyl sulphate 
(10 c.c.) was heated on the steam-bath for 3 hours. After decomposi¬ 
tion of the resulting solution with sodium carbonate solution, the 
acid was precipitated by hydrochloric acid. It crystallised from 
aqueous alcohol in clusters of colourless needles, m. p. 220—221° 
(decomp.) (Found : C, 43*8; H, 4*2; Br, 21*0. C 14 H 15 0 2 NBrAs 
requires 0, 43*75 ; H, 3*9; Br, 20*8%). 

The Formation of Phenarsazinic Acid (IV) from 2-Bromo-&-amino- 
diphenylarsinic Acid. Isolation of lQ-Ghloro-5 : 10-dihydrophen- 
arsazme (V).—A mixture of 2-bromo-6 , -aminodiphenylarsinio acid 
(10*8 g.), dry potassium carbonate (4*4 g.), amyl alcohol (80 c.c.), 
and a trace of copper powder was boiled under reflux for 12 hours. 
The amyl alcohol was removed with steam, and the aqueous residue 
filtered from the copper. The solution was acidified with hydro¬ 
chloric acid, and the precipitated acid (8*9 g.) filtered off, well 
washed with water, and dissolved in a mixture of alcohol (20 c.c.) 


and concentrated hydrochloric acid (20 c.c.) containing a trace of 
iodine. Sulphur dioxide was passed into the boiling solution for 
10 minutes; yellow solid matter then began to separate. After 


f i^oling, the crude 10-chloro-5:10-dihydrophenarsazine (8*6 g.) was 
Upteed off and extracted with carbon tetrachloride. This solution, 
I ]W .pooling, deposited yellow needles, melting at 191—192° alone or 
with 831 authentic sample of 10-chloro-5 :10-dihydrophen- 
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Reduction of 2-Bromo-Q'-aminodiphenylar$inic Acid . Isolation of 
o-Bromophenylarsenious Chloride. —A hot solution of 2-bromo-6'- 
aininodiphenylarsinic acid (5 g.) in alcohol (5 c.c.), concentrated 
hydrochloric acid (5 c.c.), and a trace of iodine was treated with 
sulphur dioxide for 45 minutes. On cooling, a gummy solid separated 
which slowly solidified. It was filtered off, and found to be 
o-bromophenylarsenious chloride, m. p. 65—66°, the melting point 
being unchanged by admixture with an authentic sample, 2-Bromo- 
6'-methylaminodiphenylarsinic acid and 2-bromo-6'-dimethylamino- 
diphenylarsinic acid under similar conditions yield methylaniline 
and dimethylamlme, identified as acetomethyianilide and jp-nitroso- 
dimethylaniline, respectively, together with o-bromophenyl- 
arsenious chloride. 

Attempted Preparation of N -Methylphenarsazinic Acid (VII).— 
A mixture of 2-bromo-6 / -methylaminodiphenylarsinic acid (11*1 g.), 
dry potassium carbonate (4*2 g.), amyl alcohol (80 c.c.), and a 
trace of copper powder was boiled under reflux for 12 hours. After 
steam distillation of the volatile products the aqueous residue was 
acidified and the crude acid (6*5 g.) filtered off. This was dissolved 
in alcoholic hydrochloric acid, and the boiling solution, to which a 
trace of iodine had been added, was saturated with sulphur dioxide 
for 20 minutes. A tarry precipitate was obtained which on extrac¬ 
tion with carbon tetrachloride gave a crop of yellow needles, m. p. 
191°. This substance was 10-chloro-5 : 10-dihydrophenarsazine, 
identified by comparison with an authentic sample. 

The mother-liquors from the alcoholic hydrochloric acid treat¬ 
ment were evaporated, made alkaline with ammonia, and extracted 
with ether. This ethereal extract on evaporation gave a small 
quantity of an oil, smelling of methylaniline. On acetylation a 
small amount of acetomethyianilide, m. p. 101°, was obtained. 

Action of Arsenious Chloride on Methyldiphenylamine. — (a) At¬ 
tempts to prepare 10-chloro-5-methyl-5 ; 10-dihydrophenarsazine 
from methyldiphenylamine and arsenious chloride in the presence 
of dichlorobenzene resulted in decomposition of the reacting sub¬ 
stances and no crystalline matter could be isolated, 

(b) Methyldiphenylamine (36*6 g.) and arsenious chloride (36*2 g.) 
were heated under reflux at 200° for 2 hours, The coloured residue 
was cooled, extracted with light petroleum, and the solid residue 
(46*2 g.) worked up, following as closely as possible the details 
described by Wieland and Rheinheimer ( loc . cit.). The only 
compound isolated (yield 10%) was 10-chloro-5:10-dihydro¬ 
phenarsazine, m. p. 187—190°, identical in every respect with an 
authentic specimen. 

lO-Chloro-5 : IQ-dihydrophenarsazine. —A mixture of diphenyl- 
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amine (17 g.), arsenious chloride (20 g.), and o-dichlorobenzene 
(40 c.c.) was boiled under reflux for 5 hours, hydrogen chloride 
escaping steadily. On cooling, the dark green solution deposited a 
mass of crystals which were filtered off, washed with petrol, dried, 
and crystallised from carbon tetrachloride. 10-Chloro-5 :10-di- 
hydrophenarsazine prepared in this way melts at 191—192° and is 
bright yellow (yield almost theoretical). 

The Reaction between Diphenylamine and Arsenious Chloride at 
the Ordinary Temperature .—Arsenious chloride (8-3 g.) was dissolved 
in dry benzene (10 c.c.) and treated with diphenylamine (7*8 g.). 
Solutionresulted, and after 1 hour crystallisation commenced. After 
24 hours the crystalline matter was filtered off rapidly in the absence 
of air, washed with dry benzene, and dried on porous tile in a 
vacuum (Found : Cl, 35-9. C 12 H 12 NC1 4 As requires Cl, 36*7%). 

The crystals formed above, on filtration in the ordinary manner, 
become opaque and then consist for the most part of diphenylamine 
hydrochloride. The same compound is produced when diphenyl¬ 
amine hydrochloride and arsenious chloride are mixed in the presence 
of a solvent. 

In an experiment using arsenious chloride (20 g.), diphenylamine 
(17 g.) and a-tetrachloroethane (40 c.c.), the mixture was kept for 
16 months. No change of pressure in the flask was observed. After 
making alkaline with sodium carbonate solution, the volatile pro¬ 
ducts were distilled in steam. The residue (3*0 g.) was converted 
into 10-chloro-5 :10-dihydrophenarsazine by treating it in hot 
acetic acid solution with dry hydrogen chloride. On cooling, the 
chloroarsine separated in greenish-yellow needles, m, p. 189—190°. 

p -Phenylacetylaminophenylarsinic Acid (N -Acetyldiphenylamine- 
p-arsinic acid) (X).—A solution of A 7 -acetyl-p-aminodiphenylamine 
(22*6 g.) in dilute hydrochloric acid (25 c.c. of concentrated acid 
and 150 c.c. of water) was cooled to 0° and diazotised with sodium 
nitrite (7*4 g.) in water (20 c.c.). The diazo-solution was added 
gradually, with vigorous stirring, to a solution of sodium arsenite 
made by dissolving arsenious oxide (15 g.) in sodium carbonate 
solution (24 g. of anhydrous sodium carbonate in 105 c.c. of water) 
containing a small amount of copper sulphate. The arsenite solu¬ 
tion was maintained at 30—35° and kept alkaline by addition of 
sodium hydroxide solution. After the evolution of nitrogen had 
ceased, the solution was filtered from tarry matter and made slightly 
acid to litmus. This procedure caused a further quantity of dark- 
i cdouxed, tarry matter to be precipitated. After filtration, and 
I'^feoration to small bulk, the crude acid (16*5 g.), m. p. 121°, was 
by making the solution strongly acid. The pure acid, 

; (decomp.), crystallises from water in almost colour- 
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less prisms containing 1H 2 0 (Found: H 2 0, 4-7; As, 21-2. 

C 14 Hi 6 0 6 NAs requires H 2 0, 51; As, 21-2%). 

p -Phenylaminophenylarsinic Acid (Diphenylamine-p-arsinic acid) 
(XII).—The crude acetyl-arsinic acid (15 g.) was boiled for one hour 
with a mixture of concentrated hydrochloric acid (30 c.c.) and alcohol 
(30 c.c.). The solution turned green and the required arsinic acid 
was precipitated by water. The crude acid (13 g.) contained some 
green matter very difficult to separate. Purification was con¬ 
veniently accomplished by treating a concentrated solution of the 
ammonium salt with magnesium sulphate solution, when the spar¬ 
ingly soluble magnesium salt was precipitated. Extraction of the 
magnesium salt with successive quantities of hot water and treatment 
of the solution with dilute sulphuric acid resulted in the formation 
of almost colourless, hair-like crystals of the arsinic acid, m. p. 265° 
(decomp.) (Found : As, 25*5. C 12 H 12 0 3 NAs requires As, 25*6%). 

p-PhenylacetylaminophenylarseJiious Chloride QS-Acetyldiphenyl- 
amine-p-arsenious chloride) (XI).—A hot solution of the acetyl- 
arsinic acid (9 g.) in alcohol (30 c.c.) and concentrated hydrochloric 
acid (9 c.c.) containing a trace of iodine was saturated with sulphur 
dioxide. On cooling, solid matter separated, and the mother- 
liquors on evaporation yielded a further crop of crystals. The 
, arsenious chloride , after filtration and drying, crystallised from 
benzene-ligroin in colourless needles, m. p. 141° (Found : Cl, 20*0. 
Ci 4 H 12 ONC1 2 As requires Cl, 20*0%). 

Considerable difficulty has been met with in trying to prepare 
the arsenious chloride from p-phenylaminophenylarsinic acid. 
Attempts at reduction analogous to those of the corresponding 
acetyl derivative using the crude acid were unsuccessful owing to 
the persistence of the green matter. An attempt at reduction in 
the absence of hydrochloric acid to produce the oxide, caused 
elimination of the arsenic and diphenylamine was obtained, identified 
by its melting point and the melting point of its hydroohloride. 
The pure acid on reduction in the presence of hydrochloric acid gave 
a crystalline product which was mainly diphenylamine hydrochloride. 
The crystals did contain a small amount of a substance containing 
arsenic, but not in sufficient quantity for identification. 

Action of Arsenious Chloride on Aniline. —Aniline (51 g.) was 
added carefully to arsenious chloride (18 g,), and the mixture boiled 
gently for 72 hours. During the heating a sublimate of aniline 
hydrochloride and ammonium chloride formed. The product was 
made alkaline with sodium hydroxide solution and steam-distilled 
until the distillate was free from aniline and ammonia. By con¬ 
tinued steam distillation, diphenylamine, identified by its melting 
point and the melting point of its hydrochloride, was obtained. 
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The insoluble residue in the flask was filtered, washed with water, 
dried at 100°, and weighed (39% of theory). The crude oxy-com- 
pound was converted into 10-chloro-5 : 10-dihydrophenarsazine by 
hydrochloric acid and acetone, and subsequent evaporation of the 
solution to dryness. The crude chloro-compound on crystallisation 
from carbon tetrachloride melted at 186—187°. 

Action of Arsenious Chloride on (3 -Naphthylamine. —A mixture of 
(J-naphthylamine (21*5 g.), arsenious chloride (30 g.), and o-dichloro- 
benzene (60 c.c.) was boiled under reflux for 18 hours. On mixing, 
a colourless, crystalline compound separated, which on wanning 
dissolved. Hydrogen chloride was evolved and a white solid 
(ammonium chloride) collected in the condenser. The solution, on 
cooling, deposited a dark orange, crystalline mass. This was 
purified by three crystallisations from nitrobenzene and was thus 
obtained in yellow needles, m. p. 355° (decomp.) (Pound : As, 19*3; 
1ST, 3*9. C 20 H 13 NC1 As requires As, 19*85; N, 3*7%). 

14:-CMoro-l4:: 1-dihydrodibenzophenarsazine (XIV).—Di-fJ-naph- 
thylamine (13*5 g.), arsenious chloride (10 g.), and s-tetrachloro- 
ethane (70 c.c.) were boiled under reflux for 90 minutes. After the 
first 30 minutes the yellow product began to separate from the 
boiling solution. The compound was filtered off and crystallised 
from nitrobenzene, separating in yellow needles, m. p. 355° (decomp.). 
The yield was 55% of the theoretical (Found : As, 19'6; TSf, 3*9. 
C 2 ( J H 33 N‘C1As requires As, 19*85; N, 3*7%). 

1-Chloro-l : 14:-dihydrodibenzophenarsazine (XV).—Di-a-naphthyl- 
amine (13*5 g.; 1 mol.) and 10 g. of arsenious chloride (1*1 mols.) 
were boiled in 20 c.c. of s-tetrachloroethane for 7 hours. Hydrogen 
chloride escaped rather more slowly than in the previous prepar¬ 
ations. The product separated, on cooling, as a brown powder 
(11*4 g., or 60*3%). 

7-Chloro-7 :14-dihydrodibenzophenarsazine crystallises from hot 
nitrobenzene in minute, yellowish-brown needles, m. p. 278—279° 
(decomp.) (Pound : As, 19*6. C 20 H 13 NC1 As requires As, 19*85%). 

10:10 f -0xy-5:10-dihydrophenarsazine*—A mixture of diphenyl- 
amine (15 g.), arsenious oxide (2*9 g.), and phosphorus pentoxide 
(3*2 g.) is heated with vigorous mechanical stirring at 160—170° for 
1 hour. On *cooling, a hard, black cake is obtained which is 
treated with sodium carbonate solution, and steam-distilled, 
diphenylamine (10*7 g.) passing over. The remaining oxy-compound 
(5 g.) is filtered off, and converted into 10-ehloro-5 :10-dihydro- 
| phenarsazine by dissolving it in acetone by addition of sufficient 
•|tedbro<^oric acid and evaporating the resulting solution to dryness. 
h from carbon tetrachloride gives the pure product, 

;:: ;'V^^.isfixture of 10 :10'-oxy-5 :10-dihydrophenarsazine (10 g.), 
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acetyl chloride (3*2 g.) and dry benzene (100 c.c.) is boiled under 
reflux for 6 hours, solution occurring after a few minutes’ heating; 
on cooling, crystalline matter separates. This is filtered off and on 
washing with cold acetone yields crude 10-chloro-5-acetyl-5 : 10- 
dihydrophenarsazine (3*5 g.), m. p. 221—224°. By crystallisation 
from benzene, the pure product is readily obtained (compare Burton 
and Gibson, loo. cit .). 

If 10:10'-oxy-5:10-dihydrophenarsazine (19*1 g.) is treated 
with benzoyl chloride (10*7 g.; 2 mols.) under similar conditions, 
no 10-chloro-5-benzoyl-5 :10-dihydrophenarsazine is produced, but 
10-chloro-5:10-dihydrophenarsazine (20*5 g.; theory, 21*2 g.), 
m. p. 190—191°, and benzoic anhydride (7*9 g.; theory, 8*6 g.), 
m. p. 41°, are obtained. 

Molecular Compounds of 10 -Chloro-5 :10-dihydrophenarsazine .— 
When 10-chloro-5 :10-dihydrophenarsazine is crystallised from the 
following solvents, crystals are obtained containing solvent of 
crystallisation. These crystals effloresce slowly in air, but heating 
at 110° causes rapid dissociation, leaving pure lQ-chloro-5 ; 10- 
dihydrophenarsazine in each case. 


(а) Acetic acid A,C 2 H 4 0 2 

(б) s-Tetrachloroethane 2A,C 2 H a Cl 4 

(c) Chlorobenzene 2A,C fl H B Cl 

(d) o-Dichlorobenzene 2A,C 6 H 4 C1 2 

(e) Acetone 2A,C 3 H 6 0 

(/) Carbon tetrachloride A,CC1 4 


(Loss, 18*5 


23*7 

17-0 

21*0 

9-3 

35*6 


(A denotes NH<^>AsCl). 


calc 


17*8%) 
23*2 ) 
16*8 ) 
20*9 ) 
9-6 ) 
36*7 ) 


10-Chloro-5: 10-dihydrophenarsazine is extremely soluble in 
arsenious chloride, giving a dark green solution. A hot, concentrated 
solution, on cooling, deposits magnificent, scarlet soales of the 
compound A,AsCl 3 (loss, 39*3; calc., 39*7%). This is sufficiently 
stable to allow of filtration, but on exposure to air or washing with 
solvents yields the original chloro-compound. 

IQ-Bromo-5 :10-dihydrophenarsazine. — (a) A mixture of diphenyl- 
amine (8*5 g.), arsenious bromide (17*3 g,), and o-dichlorobenzene 
(20 c.c.) is boiled under reflux for 18 hours. Hydrogen bromide 
is liberated steadily. The crude bromo-compound (9*6 g.) that 
separates on cooling crystallises from toluene in greenish-yellow 
prisms, m. p. 217—218°. 

(6) 10-Acetyl-5:10-dihydrophenarsazine (15 g.) dissolved in 
boiling glacial acetic acid (200 c.c.) is treated with hydrobromic 
amd (10 c.c,; 30%) in glacial acetic acid (25 c.c,). On cooling, 
10-bromo-5 :10-dihydrophenarsazine (13*3 g.) separates (Found : 
As, 23'3; Br, 24*8%). 

10-Iodo-5 : 10-dihydrophenarsazine. —On treating a hot solution 
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of 10-acetyl-5 :10-dihydrophenarsazine (4-5 g.) in glacial acetic acid 
(70 c.c.) with hydriodic acid (2*5 c.c. ‘ 50%) diluted with acetic acid 
(10 c.c.) the pure iodo-compound (5*6 g.) separates in brownish- 
orange needles, m. p. 217—221° (decomp.) (Found : As, 20*1%), 
10-n-Butoxy-5 :10 -dihydrophenarsazirve, 3SrH(C 6 H 4 ) 2 As*0‘C 4 H 9 .— 
A solution of 10: 10'-oxy-5:10-dihydrophenarsazine (5 g.) in 
w-butyl alcohol (50 c.c.), on cooling deposited a mass of pale yellow 
needles, m. p. 158—160° (Found : As, 23*7. C 16 H 18 ONAs requires 
As, 23*8%). 

A boiling solution of 10 :10'-oxy-5 :10-dihydrophenarsazine 
(15 g.) in w-butyl alcohol (180 c.c.) is saturated with dry hydrogen 
sulphide for 2 hours. The compound crystallises during the reaction 
and after collection is recrystallised from toluene. 10 : lO'-Sulpho- 
5:10-dihydrophenarsazine crystallises in yellow needles, m. p. 
256—264° (decomp.). Yield 67% of theory (Found : As, 29*1%). 
lQ-Benzyloxy-5 : 10 -dikydrophenarsazine, 

NH(Cen 4 ) 2 AsO*CH 2 *C 6 H 5 , 

prepared in an analogous manner to the corresponding n-butyl 
compound, crystallises in colourless needles, m. p. 173—175° 
(Found: As, 21*1. C 19 H 16 ONAs requires As, 21*5%). 

Guy’s Hospital Medical School, 

London*, S.E. 1. [ Received , January 4 tk, 1926.] 


LIX.— lQ-Ghloro-5 : 10-dihydrophenarsazine and its 

Derivatives . Part II. The Action of Primary 
Ghloroarsines on Diphenylamine and its Homo - 
logues. 

By Harold Burton and Charles Stanley Gibson. 


It has been shown (preceding paper) that the reaction between 
arsenious chloride and diphenylamine and its homologues goes 
very readily either when the two substances are heated alone, or 
more conveniently, in the presence of a suitable solvent, dihydro- 
phenarsazine derivatives being formed. The reaction taking place 
may be generally expressed (R x = R — H; = B/ — H): 


AsClg + HN-RR' -*• 2HC1 + CIAs<^;>NH. 

It, seemed desirable to investigate the application of the reaction 
" j the case of dichloroarsines with a view to obtain dihydropheh- 

i||he derivatives of the type XAs<Cj?/ x ^NH [X = univalent 

" on or substituted hydrocarbon radical]. The most 
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convenient dichloroarsine was phenyldichloroarsine, easily prepared 
by reducing phenylarsinic acid, which in turn is readily obtainable 
by the Bart reaction on aniline. 

When the reaction between phenyldichloroarsine and diphenyl- 
amine was carried out under the conditions employed for preparing 
10-chloro-5 : 10-dihydrophenarsazine, viz., with equimolecular quan¬ 
tities heated in the presence of o-dichlorobenzene, the product was 
not 10-phenyl-5 :10-dihydrophenarsazine, but 10-chloro-5 :10-di¬ 
hydrophenarsazine, the substance obtained by the condensation of 
arsenious chloride and diphenylamine. It appeared that the 
reaction to produce 10-chloro-5 :10-dihydrophenarsazine might be 
either (a) or ( b ). 

(a) AsPhCL, + NHPh 2 -> ClAs<g«g 4 >NH + 0 6 H 6 + HC1. 

(b) 2AsP1iC1 2 + NHPh 2 -> ClAs<g«]| 4 >NH + AsPh 2 01 + 2HC1. 

It was also recognised that reaction (a) might be the final result of 
the following two reactions. 

(i) AsPhCl 2 + NHPh 2 -> PhAs<p 6 S 4 >NH + 2HC1. 

(ii) PhA3<gj|j>NH + HC1 -> ClAs<^«| 4 >NH + C 8 H 6 . 

In a preliminary experiment two molecules of the chloroarsine 
and one molecule of diphenylamine were heated together in o-di¬ 
chlorobenzene solution. A theoretical yield of 10-chloro-5 :10-di- 
hydrophenarsazine calculated on the quantity of diphenylamine 
taken was obtained, and instead of the easily recognisable diphenyl- 
chloroarsine, only phenyldichloroarsine was obtained on examining 
the filtrate from the solid product. Experiments using molecular 
proportions of the reacting substances, heated for a longer time, also 
gave theoretical amounts of 10-chloro-5 : 10-dihydrophenarsazine, 
but it was not until the reaction was carried out in the absence of 
solvent that we were able to collect a volatile substance, which was 
identified as benzene. 

In view of these results, the publication of a paper by Lewis and 
Stiegler (<J. Amer . Chem. Soc ., 1925,47, 2551) containing experiments 
on the condensation of [3-chlorovinyldichloroarsine with diphenyl¬ 
amine and phenyl-a-naphthylamine, and the description of the 
condensation products “ 6 - p - chlorovinylphenarsazine, ’’ and 
u 7 - p - chlorovinyl - 7 :12 - dihydro - y - benzophenarsazine,” seemed 
somewhat anomalous to us, especially as the melting points of the 
two compounds quoted (186—187° and 213°, respectively) were so 
near to those of 10-chloro-5 :10-dihydrophenarsazine and 7-chloro- 
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7 :12-dihydrobenzophenarsazine (191—192° and 219—220°, respec¬ 
tively), and therefore we decided to repeat our work; extend it to 
other diarylamines; and finally repeat Lewis and Stiegler’s experi¬ 
ments. 

We have done this and find that our initial observations are 
correct. The extension of the work consisted in studying the 
action of phenyldichloroarsine on phenyl-p-tolylamine, pp'-ditolyl- 
amine, and phenyl-a-naphthylamine. In each case, the reaction 
proceeded as with diphenylamine and instead of the A 5 -phenyl 
derivatives we obtained the chlorodihydrophenarsazine derivative. 

The compound isolated from phenyl-^-tolylamine, namely, 
l0-chloro-2-methyl-5 : IQ-dihydrophenarsazine, * has been synthesised 
from the former substance and arsenious chloride. The JV-acetyl 
derivative of this compound has been prepared, and also the 
corresponding phenarsazinic acids , using the method of Burton 
and Gibson (J., 1924, 125, 2276). The compound obtained from 
^p'-ditolylamine is referred to in the German Patent (D.B.-P. 
281049, Friedlander, “ Portschritte,” 1914, XII, 843), but so far 
as we can discover, this substance, I0-chloro-2 : ^-dimethyl-5 :10- 
dihydrophenarsazine , has not yet been described in the literature. 
We have prepared it from ^p'-ditolylamine and arsenious chloride, 
and also obtained its T$-acetyl derivative. 

A repetition of Lewis and Stiegler’s work, adhering as far as 
possible to their quantities and conditions, showed that the reaction 
between diphenylamine and p-chlorovinyldichloroarsine proceeded 
in a similar manner to that using phenyldichloroarsine. In the 
presence of o-dichlorobenzene a quantitative yield of 10-chloro- 
5 :10-dihydrophenarsazine was obtained, which after crystallisation 
from carbon tetrachloride melted at 186—187° and did not depress 
the melting point of a pure specimen. Further crystallisation from 
the same solvent gave a pure product, m. p. 190—191°, identical 
with an authentic specimen. From phenyl-a-naphthylamine in 
boiling o-dichlorobenzene solution we isolated 7-chloro-7 :12-di- 
hydrobenzophenarsazine, also in quantitative yield. In the absence 
of solvent, the yields were not so good, but the products obtained 
were identical with those from the experiments done in o-dichloro¬ 
benzene. It was found necessary to crystallise the crude 10-chloro- 
5:10-dihydrophenarsazine twice from carbon tetrachloride before 
it would melt at 190—191°, and although the product from phenyl- 
a-naphthylamine was crystallised from xylene, following Lewis and 
Stiegler’s directions, it melted three degrees low, and had to be 
-further crystallised from toluene before it was pure. We were able 
.. nototenolature of these compounds is described in the preceding 
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to prove the formation of vinyl chloride in these experiments by 
passing the hydrogen chloride and vinyl chloride evolved through 
a solution of bromine in carbon tetrachloride, when the colour of 
the bromine was discharged. That this decoloration was not due 
to acetylene produced by decomposition of the [3-chlorovinyldichloro- 
arsine was further demonstrated by washing the carbon tetra¬ 
chloride solution with dilute sodium carbonate solution, and after 
subsequent drying and removal of the carbon tetrachloride, deter¬ 
mining the boiling point of the residue. This was 160—162°, which 
is in good agreement with the b. p., 162*5—163°, recorded*by Biltz 
(Ber., 1902, 36, 3526) for a-bromo-(3-chlorobromoethane.* During 
these experiments we were unable to isolate any compound of the 

type XAs<j|Ji>NH. 

Experimental. 

Freshly-made phenyldichloroarsine, b. p. 247—2507752 mm., 
and p-chlorovinyldichloroarsine, b. p. 93—94°/24 mm., were used 
in the following experiments. The diphenylamine and o-dichloro- 
benzene also were freshly distilled. 

Condensations of Phenyldichloroarsine with Diphenylamine and 
Related Compounds. —(a) In the presence of solvent . In the prelimin¬ 
ary experiments a mixture of diphenylamine (8*45 g.), phenyldi¬ 
chloroarsine (22*3 g.), and o-dichlorobenzene (20 c.c.) was heated 
under reflux for 8 hours. Hydrogen chloride had then ceased to 
be evolved. The green solution was cooled, mixed with petrol 
(20 c.c.), and the solid filtered off. This, after being washed with 
petrol (30 c.c.) and dried to constant weight at 100°, crystallised 
from benzene in yellow needles, m. p. 189—190°, and was identical 
in all respects with an authentic sample of 10-ehloro-5 :10-dihydro* 
phenarsazine prepared from diphenylamine and arsenious chloride. 
The yield was almost theoretical. 

Similar experiments using (a) phenyl-p-tolylamine, (b) di-p-tolyl- 
amine, and (c) phenyl-a-naphtkylamine gave (a) lQ-chloro-2-meihyl- 
5 : 10-dihydrophenarsazine , m. p. 199—200° (decomp.), (6) IQ-chloro- 
2 : 8-dimethyl~5 :10-dihydrophenarsazine , m. p. 261—262°, after 

* Lewis and Stiegler, in calculating the value for the percentage of chlorine 
in the supposed IO-j3-chlorovinyl-5 : 10-dihy dr ophenarsazine, arrived at too 
high a value, the actual figure being 11*69% instead of 12*00%. Their low 
analytical data for a sample of pure I0-chloro-5 :10-dihydrophenarsazine 
together with its low melting point explain, in all probability, the reason 
they have assigned the wrong constitution to this compound. The obvious 
impurity of their 7-chloro-7 ; 12-dihydrobenzophenarsazine, the m. p. of 
which was 6° below that of a pure specimen, is, no doubt, the cause of their 
low analytical data. 
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previous decomposition, and (c) 7-chloro-7 : 12-dihydrobenzophen- 
arsazine, m. p. 218—219°. 

In the second series of experiments, half the quantity of phenyl- 
dichloroarsine was used and the mixture was boiled for 16 hours. 
The product was treated in the same manner, and a yield of 93% 
of the theoretical quantity of 10-ckloro-5 :10-dihydrophenarsazine 
was obtained. (The yields of the other chlorodihydrophenarsazines 
varied from 90—95%.) 

(b) In the absence of solvent These experiments consisted in 
heating mixtures of dlphenylamine and phenyldichloroarsine, in 
the molecular ratio of 1:1 and 1:2, in a metal-bath, the tem¬ 
perature of which was raised to 230° during 30 minutes and main¬ 
tained for 45 minutes. The volatile product, after being washed 
with dilute sodium carbonate solution and dried, boiled at 80°; it 
was benzene. The residue in the flask, after crystallising from 
boiling o-dichlorobenzene, was 10-chloro-5 :10-dihydrophenarsazine. 

10-Chloro-2-methyl~5 :10-dihydrophenarsazine, 


C l As <C 6 H 3 Me> NH 

—A mixture of phenyl-ff-tolylamine (36*6 g.), arsenious chloride 
(40 g.), and o-dichlorobenzene (80 c.c.) was boiled under reflux for 
4 hours. On cooling, the chloro-eompound (51 g.) separated as a 
mass of green crystals. On crystallisation from benzene, the sub¬ 
stance was obtained in yellow needles, m. p. 199—200° (decomp.) 
(Found : Cl, 12-3. C 13 H n NClAs requires Cl, 12*2%). 

10-Chloro-2 : S-dimethyl-5 :10-dihydrophenarsazine, 
ClAs(C 6 H 3 Me) 2 NH, 

was prepared by heating together for 4 hours a mixture of di-jp- 
tolylamine (32*7 g,), arsenious chloride (33*2 g.), and o-dichloro¬ 
benzene (133 c.c.). The crude chloro-compound (44*7 g.) crystal¬ 
lised from nitrobenzene in orange prisms, m. p. 261—262° with 
previous decomposition (compare D.R.-P., loo. cit.) (Found: As, 
24*2. C 14 H 13 NC1 As requires As, 24*5%). 

lQ-Chloro-5-acetyl~2-methyl-5 :10-dihydrophenarsazine was pre¬ 
pared by boiling a mixture of the corresponding phenarsazine (30 g.) 
with acetic anhydride (60 c.c.) for 3£ hours. On cooling, the acetyl 
derivative (25 g.) separated in almost colourless crystals. It separ¬ 
ated from benzene-light petroleum in clusters of almost colourless 
needles, m. p. 154—155° (Found: Cl, 10*7. C 
requires Cl, 10*6%). 

10 - Chloro-5-ac-etyl -2:8- dimethyls : 10 - dihydrophenarsazine. —A 
^suspension of the chloroarsine (10 g.) in acetic anhydride (50 c.c.) 
^vboiledfor 2 hours, when solution was complete and the colour of 


15 H 13 ONC1As 
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the original compound had almost disappeared. After removal of 
half the acetic anhydride by distillation the crude acetyl compound 
separated in nearly colourless needles. It separated from benzene- 
light petroleum in colourless needles, m. p. 164—165° (Found: 
As, 214. C 16 H 15 ONC1 As requires As, 21-6%). 

2-Methylphenarsazinic acid , NH<CQ 6 g 3 ^^>AsO-OH } separated 

in good yield when a mixture of the chloroarsine and chloramine-T 
had stood for 12 hours. It crystallised from aqueous acetic acid 
in colourless, fine needles which did not melt when heated but 
decomposed above 300° (Found : As, 25-6. C 13 II 12 0 2 NAs requires 
As, 25-9%). The sodium salt crystallises from water in colourless, 
hair-like needles. The hydrochloride was obtained by treating a 
suspension of the acid in boiling alcohol with concentrated hydro¬ 
chloric acid until crystalline matter began to separate. On cooling, 
the hydrochloride separated in colourless, small prisms, m. p. 209— 
211° (decomp.) (Found: Cl, 10*9. C 13 H 12 OJSrAs,HCl requires Cl, 
10*9%). 

2 : 8-j Dimethylphenarsazinic acid was prepared by boiling a sus¬ 
pension of the chloroarsine (10 g.) in acetone (200 c.c.) with a solution 
of chloramine-T (18*5 g. in 185 c.c. of water) for 30 minutes. The 
orange colour of the original substance disappeared and colourless, 
crystalline matter was produced. The acid (6-3 g.) separated from 
aqueous acetic acid in colourless, glistening plates, which decom¬ 
posed without melting at a high temperature (Found: As, 24*5. 
C 14 H 14 0 2 NAs requires As, 24-7%). The sodium salt crystallises 
from water in colourless needles, and the hydrocUoride } prepared as 
above, was obtained in colourless needles, m. p. 216° (decomp.) 
after previous softening (Found: As, 21*7. C u H 14 0 Si N'As,HCl 
requires As, 22*1%). 

1$-Acetyl-2, : 8- dimethylphenarsazinic acid , prepared in the usual 
manner, separated from dilute acetic acid in colourless prisms, 
m. p. 240° (decomp.) (Found : As, 21*65. C 13 H 10 O 3 NAs requires 
As, 21*7%). 

Condensation of fi-Chlorovinyldichloroarsine with Diphenylamine 
and Phenyl-a-naphthy lamine .—(a) In the presence of solvent. The 
mixture of diphenylamine (10*6 g.), p-chlorovinyldichloroarsine 
(13*0 g.), and o-dichlorobenzene (25 c.c.) was boiled under reflux 
for 12 hours. Owing to the formation of a certain amount of tarry 
matter, the crude compound, isolated as in the phenyldichloroarsine 
experiments, was extracted in a Soxhlet with carbon tetrachloride. 
The 10-chloro-5 :10-dihydrophenarsazine obtained melted at 187° 
without further crystallisation, and a sample of it did not depress 
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the melting point of an authentic specimen. The yield was quanti¬ 
tative. [Further crystallisation from the same solvent gave pure 
10-chloro-5 :10-dihydrophenarsazine, m. p. 190—191°. A similar 
experiment using phenyl-a-naphthylamine gave 7-chloro-7 :12-di- 
hydrobenzophenarsazine, m. p. 218—219°. 

(b) In the absence of solvent . The quantities and conditions used 
in these experiments were the same as those described by Lewis 
and Stiegler. The only difference in procedure after the initial 
reaction was that the crude mass from the diphenylamine was 
extracted with carbon tetrachloride in a Soxhlet apparatus and 
finally crystallised from carbon tetrachloride. In this way, we 
obtained a specimen of pure 10-chloro-5 :10-dihyd-rophenarsazine, 
m. p. 190—191° (Found : Cl, 12*8; As, 26*8%). From the phenyl- 
a-naphthylamine experiment pure 7-chloro-7: 12-dihydrobenzo- 
phenarsazine was obtained, m. p. 219—220° (compare Lewis and 
Hamilton, J. Amer. Chem. Soc ., 1921, 43, 2218) after a further 
crystallisation from toluene (Found : Cl, 10*9%). 

Guy’s Hospital Medical School, 

Lohdoh, S.E. 1. [ Received , January 4 th , 1926.] 


LX.-— The Molecular Configurations of Polynuclear 
Aromatic Compounds. Part V. The Identity of 
the Nitration Products derived from 2 :7- and 4 •* 5- 
Dinitrophenanthraquinones. 

By George Hallatt Christie and James Kenner. 

The conversion of 2 : 7-dinitrophenanthraqninone successively into 
2 : 4 : 7-trinitrophenanthraquinone and 4 : 6 : 4'-trinitrodiphenio 
acid, 

C 12 H 6 (N0 2 ) a <jg C 12 H 5 (N0 2 ) 3 <^q -> C 12 H 5 (N0 2 ) 3 (C0 2 H) 2 , 

has been already described (Christie and Kenner, J., 1923, 123, 
779). At the same time, it was intimated that a similar set of 
reactions had been carried out in the case of the dinitro-quinone 
which is produced with the 2: 7-isomeride by nitration of phen- 
anthraqninone and which Schmidt and Kampf (Ber., 1903, 36, 
3745) concluded to be a 4 :5-derivative (I). The new trinitro- 
a ^iiinone was therefore thought to be a 2 :4 :5-derivative (II), and 
, difEerent from the above-mentioned 2:4: 7-isomeride, when it 
^3^;Oxidised to a diphenic acid (III) from which 4 : 6 :4': 6'-tetra- 
^ ; l^#|3%henic acid was obtained by further nitration : 
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It was therefore remarkable that when the acid (III) was resolved 
into optically active forms by fractional crystallisation of the 
quinidine or, better, of the quinine salts, a very close correspondence 
was revealed between the physical constants of the various salts 
and of those derived from the 4:6: 4'-trinitro-acid. This will be 
apparent from the following table : 


Melting point. 

Quinine d-salt. 

„ Z-salt. 
Quinidine Z-salt. 

„ cZ-salt. 
Sodium salt, d-acid. 


4:6: 4'-Acid. 
289—290° 


M. p. 222°; 
M. p. 175°; 
M. p. 229°; 
M. p. 176°; 


. a l» 

a]® 

«]» 

; a]» 

. a ]i> 


-156*4° 
- 69-1° 
-191-1° 
85-5° 
-152-3° 


New acid. 
291° 


M. p. 222°; 
M. p. 176°; 
M. p. 228°; 
M. p. 178°; 


<*]» 

a J» 

. a l» 


-156*1° 
- 77*5° 
-189-2° 
109-9° 
-161*1° 


This agreement also extends to the original trinitro-quinones, 
each of which crystallises from benzene in yellow, hexagonal prisms, 
which melt at 209° and contain one molecular proportion of benzene 
of crystallisation. 

In spite, therefore, of the apparently conclusive nature of the 
evidence in favour of the constitutional formulae assigned to these 
various compounds, the possibility suggested itself that the two 
series might in reality be identical. This was confirmed when it 
was found that the melting point of the two acids was not depressed 
by mixing them, and that the same applied to the quinoxaline 
derivative, m, p. 307°, prepared by condensing each of the trinitro- 
quinones with o-phenylenediamine. It followed either that the 
orientation of the two dinitro-quinones, from which the same 
trinitro-quinone had been obtained, was in some respect faulty or 
that, in the course of nitration of these dinitro-compounds, migration 
of a nitro-group had occurred in one case. Whichever of these be 
correct, it seemed advisable if possible to determine the orientation 
of the trinitro-compound by an independent method. 

It had previously been shown (Kenner and Stubbings, J., 1921, 
119, 593) that y-6; 6'-dinitrodiphenic acid was converted by reduc¬ 
tion into a phenanthridone derivative (IV), and it was now found 
that 4:6:4': 6'~tetranitrodiphenic acid is similarly convertible 
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into the corresponding diamino-compound (V), of which both 
neutral and basic sulphates were isolated. 


HN*CO 
(IV.) / \ 



HN-CO 

_/ \ 

\ / 

OC-NH 


(V.) 


The trinitrodiphenic acid, however, under similar conditions 
yielded an amino-acid soluble both in alkali and in excess of mineral 
acid. Clearly this result indicates that the trinitro-acid is a 
4:6:4'-derivative, derived from a 2:4:7-trinitrophenanthra- 
quinone : 



It has been pointed out (J., 1923,123, 780) that a 2 :4 : 5 : 7-tetra- 
nitrophenanthraquinone could not be obtained from the trinitro¬ 
compound under very vigorous conditions of nitration. Hence it 
was just conceivable that the production of the same trinitro¬ 
compound from the two dinitrophenanthraqumones was due to the 
formation of the tetranitro-derivative in the first place, followed by 
elimination of a nitro-group under the conditions of experiment: 



Although this would be a novel reaction, and is not observed in the 
case of the compound 4:6:4': 6'-tetranitrodiphenic acid, it was 
deemed advisable to examine the behaviour of the closely related 
compound, 3: S'-dinitrobenzil (VI), on nitration. No difficulty 
was experienced in converting this into the corresponding 
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3:5:3': o'-tetranitrobenzil, the constitution of which was proved by 
its oxidation to 3 : 5-dinitrobenzoie acid: 




N0 2 

/\ 

oM^Joojsl 

(2 mols.) 


Experimental. 

2:4: 7 -Trinitrophenanthraquinone from 4 : 5-Dinitrophenanifircb- 
quinone .—When the procedure described in the case of 2 : 7-dinitro- 
phenanthraquinone (Christie and Kenner, loc. tit, p. 783) was applied 
to the 4:5-isomeride, the trinitro-derivative was obtained, after 
crystallisation from benzene, in stout, yellow prisms, m. p. 209° 
(Found: loss of weight at 120°, 18-6. C 14 H 5 0 8 N 3 ,C e H 6 requires 
loss, 18*5%. Found for material previously heated at 120°* 
12*3. C 14 H 5 0 8 lSr3 requires N, 12*25%). Solutions of the 

quinone (0*75 g.) and o-phenylenediamine (0*38 g.) in glacial acetic 
acid reacted at once when mixed. The precipitated quinoxaline 
derivative separated from benzene in clusters of colourless needles, 
m. p. 307° (Found : N, 16*75. C 20 H 9 O 6 N 5 requires N, 16-9%). An 
identical product was obtained from the quinone derived from 
2 :7-dinitrophenanthraquinone. 

*4:6: 4 / -T rinitrodiphenic Acid from 4 : 5-Dinitrophenanthra- 
quinone. —The acid prepared from the above trinitroquinone by the 
usual process of oxidation with potassium dichromate and sulphuric 
acid was obtained first as an oil and then as a solid, m. p. 292° 
[Found : equiv., 188-3* C 12 H 5 0 6 Na(C0 2 H) 2 requires equiv,, 188*5]. 
Solutions of the acid (4*6 g.) in alcohol (100 o.c.) and of quinine 
hydrate (9*2 g.) in alcohol (70 c.c.) were mixed and boiled; a salt 
^5*8 g.) separated on cooling. On evaporating the alcoholic liquor, 
an oil remained front which a second salt (5*8 g.) was obtained by 
treatment with dry ether. 

Quinine d-4: 6 : i'-trinitrodipkenate, the less soluble of the two 
salts so obtained, forms colourless, octahedral prisms, m. p. 222*5° 
(decomp.) and free from alcohol. For a 1*25% solution in 10 N- 
acetic acid, [«]g # -156*1° (Found: N, 9*6. C 64 H 6s 0 14 N 7 

Quinine 1-4:6:4'- irinitrodiphenaie melts at 176° (decomp.) after 
repeated purification by solution in alcohol and precipitation by 
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ether. For a 0-5% solution in chloroform, [a]g* = — 77-5° (Found : 
N, 9-7. C 54 H 55 0 14 N 7 requires N, 9*6%). 

Quinidine salts, m. p. 228° and 178°, agreeing in crystalline form 
with those previously described (Christie and Kenner, loo . cit) 
were also obtained. For 0*7% solutions in chloroform, the respect¬ 
ive observed values for [a] D were — 189-2° and + 109-9°. The 
poor agreement between the latter value and that previously 
recorded is to be attributed partly to a clerical error, which led to 
the value 56-04° being quoted in place of the correct value of 85-55°, 
and partly to the lower melting point of the salt employed on the 
previous occasion. 

cZ-4: 6 : 4'-Trimtrodiphenic acid, prepared from the quinine salt 
in the manner described in the earlier papers, was an oil which very 
slowly solidified to colourless prisms, m. p. 281—282° (decomp.). 
For a 3-11% solution in ether, [a] D = + 23-47°, and on conversion 
into a 1*48% solution of the sodium salt, [a] D = — 149-0°. For a 
0-84% solution of sodium salt prepared without investigating the 
rotatory power of the acid, [a] D = — 151-1°. For a 1-36% solution 
of the sodium salt from the quinidine salt, m. p. 178°, [a] D = 
— 146-1°, and the acid melted at 281—282° (decomp.), 

Z-4 : 6 :4'-Trimtrodiphenic acid, from the quinine salt, melted 
and decomposed at 280—282°, and showed [a]j> = — 15-14° for a 
2-80% solution in ether. For a 1-05% solution of the sodium salt 
subsequently prepared, [a] D = + 136-6°. The changes in sign of 
rotatory power thus observed in passing from the acid to the sodium 
salt show that the prefixes d- and Z- as used in the previous paper 
require to be interchanged. 

Quinine salts prepared from the acid derived from 2 : 7-dinitro- 
phenanthraquinone melted at 222° and 175°, respectively, and 
exhibited specific rotatory powers of — 166-4° (1*28% solution in 
10iV-acetic acid) and — 69*11° (0-63% solution in chloroform)* 

Reduction of 4 : 6 : 4': 6 '-Tetranitrodiphenic Acid .—When a solu¬ 
tion of stannous chloride (33 g.) in hydrochloric acid (30 c.c.) was 
slowly added to a solution of the acid (3 g.) in glacial acetic acid 
(30 c.c.) and hydrochloric acid (24 c.c,), heat was evolved, a red 
colour was produced which slowly disappeared, and a precipitate 
formed. This was collected after the mixture had been boiled for 
an hour, and after being washed with hydrochloric acid it was 
dissolved in concentrated sulphuric acid. By cautious dilution 
with water, yellow plates were obtained which turned green when 
exposed to the air and light, and left no residue on ignition. They 
blackened, but did not melt, when heated to 300° (Found : 

requires MV 15*4%). The aqueous 
obtained by warming the material with sodium carbonate 
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solution was shown in the usual manner to contain sulphate 
ions. 

When a solution of the material in sulphuric acid was added to 
sodium acetate solution, a green precipitate was obtained ’which 
still contained sulphur after being thoroughly washed and was 
apparently a basic sulphate (Found : N, 17*7. C 14 H 10 O 2 N 4 ,|H 2 SO 4 
requires N, 17-8%). 

Reduction o/4 : 6 : 4/-Trinitrodiphenic Acid ,—The result of apply¬ 
ing the procedure described above to 4 : 6 :4'-trinitrodiphenic acid 
was less satisfactory than that of heating a suspension of the finely 
ground acid in hydrochloric acid at 100° with an amount of tin 
about 50% in excess of that theoretically necessary for complete 
reduction. By collecting the almost colourless solid portion of the 
product, washing it with hydrochloric acid, and cautious pre¬ 
cipitation with water of its solution in sulphuric acid, a yellow 
material was obtained which turned green on exposure to air and 
exhibited the properties of an amino-acid [Found: N, 11*3; 
equiv., 120*6. C 13 H 10 ON 3 (CO 2 H),H 2 SO 4 requires N, 11*45%; 

equiv., 122*3]. 

3:5:3': 5' -Tetranitrobenzil ,—Dinitrobenzil (30 g.) reacted vigor¬ 
ously with nitric acid (150 g.; d 1*5) and sulphuric acid (180 g.) 
when heated at 100° for 10 minutes, so that it was necessary to 
cool the liquid. Finally, the mixture was heated for 20 hours at 
100° and then poured on to ice. The solid product consisted of 
3 :5-dinitrobenzoic acid (m. p. 205°, equiv. 213*1) and a neutral 
substance insoluble in cold sodium carbonate solution. By crystal¬ 
lisation from benzene, yellow needles of a tetranitrobenzil, m. p. 168°, 
were obtained (Found : N, 14*35. C 14 H e O 10 N 4 requires N, 14*35%). 
Its orientation was demonstrated by adding excess of hydrogen 
peroxide to a solution of the compound in dilute aqueous sodium 
hydroxide. Heat was evolved and after about % hour the dark 
coloration first produced had given place to a pale yellow. An 
excellent yield of 3:5-dinitrobenzoic acid was obtained on aoidi* 
fication. Tetranitrobenzil was, however, unchanged by prolonged 
heating with the above nitration mixture, so that it was not an 
intermediate product in the formation of dinitrobenzoic acid from 
dinitrobenzil. 

The quinoxaline derivative of tetranitrobenzil, prepared in the 
usual manner by condensation in glacial acetic acid solution, formed 
colourless needles, m. p. 274° (Found: N, 18*4, 02oH 10 0 B N e 
requires N, 18*2%), 

One of us (G. H. C.) wishes to make grateful acknowledgment of 
a grant from the Department of Scientific and Industrial Research 
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LXI .—Orientation Effects in the Diphenyl Series. 

Part I . 

By Henry George Dennett and Eustace Ebenezer Turner. 

Since the nitration of 4 : 4 / -dihydroxydiphenyl (Kunze, Ber., 1888, 
21, 3331; Schultz, ibid., 3530; Hirsch, ibid., 1889, 22, 336) and of 
its diethyl ether (Hirsch, loc. cit.; Brady and McHugh, J., 1923, 
123,2047) affords symmetrical (3:5' -) dinitr o - derivatives, it might be 
supposed that 4 : 4'-dibromodiphenyl would nitrate to give 4 : 4'- 
dibromo-3 : 5'(or 3 : 3')-dinitrodiphenyl. Unsymmetrical nitration, 
however, actually occurs, with the almost quantitative formation 
of the 2 : 3'(2 : 5' ?)-dinitro-compound. This is the first example of 
unsymmetrical substitution in the diphenyl series. 

Whilst the nitration of p-tolyl ethyl ether apparently affords only 
the 3-nitro-derivative (Staedel, Annalen, 1883, 217, 162), 'p-chloro- 
toluene yields a mixture of approximately equal quantities of the 
2- and 3-nitro-compounds (Holleman, Proc. K. ATcad. Wetensch. 
Amsterdam , 1908, 11, 257). 

The nitration of 4 :4'-dibromodiphenyl was described by Fittig 
(Annalen, 1864, 132, 206) and Schultz (ibid., 1874, 174, 218) as 
giving a dinitro-derivative, m. p. 148°, regarded by Beilstein 
(Handbuch, 4th Edn., v, 585) as probably being identical with 
the 2 :2'-dinitro-compound, m. p, 138°, previously synthesised by 
Ullmann and Bielecki (Ber., 1901, 34, 2177). The work of Fittig 
and Schultz has been repeated and confirmed. Reduction of their 
dinitro-compound afforded the diamine, m. p. 89°, described by 
Schultz (loc. cit), but this diamine could not be caused to undergo 
condensations of the type to be expected of a symmetrical diamine. 
This appeared to show that unsymmetrical nitration had occurred. 
Moreover, the dinitro-derivative depressed the m. p. of the 2 :2'- 
dinitro-compound obtained from 2:5-dibromonitrobenzene (Ull¬ 
mann and Bielecki, loc . cit). 

4 : 4c r -Dibromo-2-nitrodiphenyl, prepared from 2-nitrobenzidine, 
was identical with the mononitro-derivative, m. p. 124°, prepared 
by Lellmann’s method (Ber., 1882, 15, 2837) and apparently is the 
t'vfirst product of nitration of dibromodiphenyl. When nitrated, it 
^P^bdhverted into the dinitro-compound, m. p. 148°, which there- 
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fore has one nitro-group in position 2. It was then found that one 
bromine atom in the dinitro-compound possessed much greater 
reactivity than the other. 

Hot, concentrated potassium hydroxide had no action on the 
dinitro-compound, which, however, reacted vigorously with piperid¬ 
ine to give a bromopiperidinodinitrodiphenyl. 4:4'-Dibromo-2- 
nitrodiphenyl and 4 :4 / -dibromo-2 : 2'-dinitrodiphenyl were not 
affected by piperidine, and it is therefore clear that the above 
piperidino-derivative is ^-bromoA' -piperidino-2 : 3 '-dinitrodiphenyl, 
and that the original dinitro-compound is the 2 :3'-derivative.* 

In the entrance of a nitro-group into the B nucleus of dibromo- 
diphenyl (I), the bromophenyl group A apparently has greater 
directive influence than the bromine atom in B, the nitro-group 

(!•) Br<^ A b ^>Br Bt^aV-^b’Nbt (H.) 

“ ~ ” no; 

entering position 2, whilst in the nitration of the mononitro-com- 
pound (II), conditions are favourable, according to the ordinary 
theories of substitution, for 3'-nitration in A. 

It has similarly been found that the dinitro-derivative of 4 r 4'- 
dichlorodiphenyl described by Schmidt and Schultz (Annalen, 1881, 
207, 340) is 4 : 4'~dichloro-2 : 3' - dinitrodiphenyl. It reacts with 
piperidine even more readily than does the corresponding dibromo- 
compound, giving ^-chloroA'-piperidino-2 : W-dinitrodiphenyl. The 
relative activation, by a nitro-group*of a chlorine and a bromine 
atom is a subject it is hoped to investigate later on. 

The diamine referred to above is therefore 4 ; -dibromo-2: 3'* 
diaminodiphenyl. Schultz (loc. cit.), by oxidising this substanoe, 
obtained what he called a bromaminobenzoio acid, m. p, 185°, 
This was probably a mixture of 4-bromo-2-amino- and 4-bromo-3- 
amino-benzoic acids, which melt respectively at 225° and 222°. 
Further, Strasser and Schultz {Annalen, 1881,210,194), by reducing, 
and thus debrominating, the diamine, obtained a base which they 
called y-benzidine. This is evidently 2 ; 3'~diammodiphenyL 
A preliminary investigation has shown that the nitration of 
4:4'-ditolyl affords, first, a mononitro-compound, m. p. 91—92°, 

* It might he objected that in the nitration of dibromodiphenyl, both 
mtro-groups could enter the same nucleus. Against this objection, however, 
are at least three facts : (1) the difficulty of introducing a third substituent 
into one nucleus of diphenyl compounds other than hydroxy- and amino- 
derivatives, (2) the reactivity of one bromine atom in the dinitro-compound, 
which, if nitration occurred twice in the same nucleus, would almost certainly 
be 4:4'-dibrorao~2:8-dmitrodiphenyl, i . e. t a compound containing no reactive 
bromine atom, and (3) the quantitative nature of the nitration. 

R 
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and then a dinitro-compound, m. p. 119°. The latter *we regard as 
the 2:3'-dinitro-compound. Ullmann and Frentzel (Ber., 1905, 
38, 726) have described the 3 : 3'(3 :5' ?)-derivative, which for 
present purposes has been prepared by heating 4-iodo-2-nitro- 
toluene with copper bronze. 

The preparation of compounds containing amino-groups in the 
3 : 3'- or 3 : depositions in the diphenyl molecule is a matter of con¬ 
siderable difhculty. According to Ullmann and Frentzel (toe. cit), 
when m-nitrobenzenediazonium sulphate is added, under certain 
conditions, to cuprous chloride and hydrochloric acid, the chief 
product is 3 : 3'(3 : 5' 3)-dinitrodiphenyl. We have found, on the 
contrary, that excellent yields of m-chloronitrobenzene are invari¬ 
ably obtained (compare Emde, Apoth. Ztg ., 1915, 30, 293). The 
dinitro-compound may be obtained from m-iodonitrobenzene as 
stated by Ullmann and Bielecki (toe. cit.). The latter substance 
is only obtainable in small yields by the method of Jacobson, Fertsch, 
and Heubach ( Annalen , 1898, 303, 338), but this difficulty has 
now been overcome. 

During some experiments on the condensation of aldehydes with 
benzidine, we prepared from p-mtrobenzaldehyde a compound to 
which Barzilowski (J. Buss. Phys. Chem. Soc., 1891, 23, 69) had 
assigned formula (III). We have found that this compound readily 
condenses with a second molecule of a keto-compound, and is 
therefore (IV). 

* (TO 0~0 ™ 

NH‘CB>NH NICE NH g 

c 6 h 4 *no 2 C 6 H 4 *NO a 

Experimental. 

Nitration of 4 : 4 ’-DibromodiphenyL —Nitration in glaoial acetic 
acid by Lellmann’s method (be. cit) gave a mononitro-compound, 
m, p. 124°. Nitration using excess of nitric acid (d 1*5) gave a crude 
dinitro-compound, m.p. 130—135°, which, after being once crystal¬ 
lised from benzene, melted at 148°, A small quantity of the mono¬ 
nitro-compound was obtained from the mother-liquors. 

The dinitro-compound was not affected when boiled with very 
concentrated aqueous potassium hydroxide, whilst alcoholic alkali 
led to a black product which will be investigated in due course. 

Preparation of 4 : & -Dibromo-2-mtrodiphenyl .—2-Nitrobenzidine 
Jp^Jphate was ground into a fine paste with a little water and diazo- 
f|^ed at 5°. The solution was poured with vigorous shaking into a 
of cuprous bromide in hydrobromic acid-sodium 



ORIENTATION EFFECTS IN THE DIPHENYL SERIES. PART I. 479 

bromide. The vigorous reaction over, the whole was heated at 
100° for a short time and the gummy solid was collected and warmed 
with sodium hydroxide to remove phenolic substances. The yellow 
residue, containing considerable quantities of benzerythrene deriv¬ 
atives, after several crystallisations from alcohol and benzene, 
melted at 124°. The m. p. was not affected by admixture with 
the first-named nitro-compound (Found : Br, 4*5. C 12 H 7 0 2 NBr 2 
requires Br, 4*5%). 

Nitration of 4 : 4 , -Dibromo-2-nitrodi i phenyl. —This substance was 
dissolved in two parts of warm nitric acid (d 1*5). On cooling, pale 
yellow needles separated, which, after crystallisation from benzene, 
melted at 148° and did not depress the m. p. of the above dinitro¬ 
compound having the same m. p. 

4,-Bromo-A! -piperidino-2 : -dinitr odiphenyl. —The dinitro-com¬ 
pound, m. p. 148°, was gently warmed with a little piperidine for 
about a minute. An orange colour at once developed, and, on 
cooling, the whole set to a crystalline paste owing to the separation 
of piperidine hydrobromide. It was treated with water, and the 
orange-red solid so obtained once crystallised from alcohol; the 
piperidino- compound was then obtained in orange-red needles, 
m. p. 136—137° (Found: Br, 19*3. C 17 H 16 0 4 N 3 Br requires 
Br, 19*7%). The piperidino-compound was unaffected by further 
heating with piperidine. 

4 : 4'-Dibromo-2-nitro- and 4 : 4 / -dibromo-2 : 2dinitr o - diphenyl 
were also heated for several minutes with piperidine. In both cases 
the compounds were recovered unchanged. 

Preparation of 4 : A!-Bibromo-2 : 3 '-diaminodiphenyL —The corre¬ 
sponding dinitro-compound was reduced with iron, water, and 
ferric chloride (Roberts and Turner, J., 1925, 127, 2004). The 
properties of the diamine agreed with those recorded in the literature. 
It condensed with salicylaldehyde, but not with carbon disulphide, 
under conditions similar to those under which benzidine readily 
condenses with this substance. 

Disalicylidene* 4 :4' -dibromo-2 : Z ; -diaminodiphenyl separates from 
benzene as a yellow, crystalline powder, m. p. 195° (Found: 
ST, 5*1. C 26 H lg 0 2 hr 2 Br 2 requires N, 5*1%). 

Nitration of 4 : 4 ’-DicMorodiphenyL —The dichloro-cbmpound 
readily dissolved in warm nitric acid (d 1*5), and, on cooling, the 
dinitro-compound crystallised out. After washing and drying, it 
was once crystallised from alcohol and then had m, p. 140°. 

4- CMoro-A'-piperidino -2 : 3 f -dinitr odiphenyl .—The diohloro-com- 
pound was warmed for a few seconds with piperidine, the mixture 
diluted, and the product filtered off, washed with water, and crystal¬ 
lised from alcohol; the piperidino-o ompound was then obtained in 
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orange needles, m. p. 132° (Found: Cl, 10*0. Cx 7H 16 0 4 N 3 C1 
requires Cl, 9*8%). The piperidino-compound was not affected by 
further heating with piperidine, which also had no effect on 4 :4'- 
dichloro-2 : 2'-dinitrodiphenyl prepared from 2 : 5-dichloronitro- 
benzene by the method of XJllmann and Bielecki (loc. cit.). 

Preparation of Mononitro-4 :: -ditolyl. —A solution of ditolyl in 
glacial acetic acid containing one equivalent of nitric acid (d 1*4) 
was evaporated until, on cooling, yellow prisms separated. These, 
after crystallisation from alcohol, melted at 91—92° (Found: 
N, 6*2. C 14 H 13 0 2 N requires N, 6*1%). The nitro-compound is 
readily soluble in’ alcohol, acetic acid, or benzene. Ditolyl is 
unaffected when dissolved in cold acetic-nitric acid mixtures. 

Preparation of Dinitro-4 : 4*-ditolyl, —Sufficient nitric acid ( d 1*5) 
was added to the hydrocarbon to form a clear solution, without 
cooling. On leaving, slender, yellow needles separated. These, 
after being collected, washed with water, and crystallised from 
alcohol, and then from glacial acetic acid, melted at 119° (Found: 
N, 10*6. C 14 H 12 0 4 N2 requires N, 10-3%). 

Preparation of 3:3' (3:5' ?)-Dmiiro-4 :4 '-ditolyl. —4-Iodo-2- 

nitrotoluene was prepared from 2-nitro-p-toluidine as follows: 
the base (30 g.) was diazotised in dilute sulphuric acid, and the 
product added to a cold and well-shaken solution of 45 g. of potass¬ 
ium iodide in 1 L of saturated sodium acetate solution. The brown 
tar which separated rapidly solidified, and was crystallised from 
alcohol in presence of charcoal. The yield of pure 4-iodo-2-nitro¬ 
toluene was 85% of the theoretical quantity. The iodo-compound 
reacted normally with copper bronze, After 20 minutes 9 heating 
at 240°, the whole was heated at 260° for a few minutes, and the 
cooled product extracted with benzene in presence of charcoal. The 
benzene was evaporated, and the residue crystallised from alcohol. 
The dinitroditolyl thus obtained melted at 175—176° and its proper¬ 
ties agreed with those described by XJllmann and Frentzol (toe. ciL). 

Preparation of 3 :5' -Dinitrodiphenyl .—(a) By the method of XJll¬ 
mann and Frentzel {he. cit). The exact instructions of these 
authors were carried out on some dozen occasions. In one or two 
cases, small quantities of impure dinitrodiphenyl were isole»tedr ; .bttf|- 
in most of the experiments m-chloronitrobenzene was obtahiedim 
about 85% of the theoretical yield. (6) From m-iodonitrobenzeTie. 
The iodo-compound was prepared by the following modification of 
the usual method (Jacobson, Fertsch, and Heubach, toe. cit,). 
m-Nitroaniline (60 g.) was ground with 56 c.c. of concentrated sul- 
Hpfcuone acid, 200 c.c. of water were added, and the whole was well 
gsonmL The suspension was diazotised at 5° with 30*6 g. of sodium 
si ISO CiC. of water; addition of the nitrite solution in three 
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portions, below the surface of the suspension, diminished the form¬ 
ation of the diazoamino-compound. The filtered diazo-solution was 
poured in small quantities into a well-shaken, boiling solution of 
110 g. of potassium iodide and 230 g. of hydrated sodium acetate in 
1*5 L of water. The mixture was then cooled, extracted with carbon 
tetrachloride, the extract washed with sodium thiosulphate, dried, 
evaporated, and the residue distilled under diminished pressure. 
The yield of m-iodonitrobenzene (m. p. 38°, b. p. 145—155°/15 mm.) 
was 70% of the theoretical. When the iodo-eompound was heated 
with copper bronze as described by Ullmann and Bielecki ( loc . cit.) 9 
an average conversion into dinitrodiphenyl of 40% of the theoretical 
was obtained. 

Reduction of 3 : 5' -Dinitrodiphenyl. —The method previously 
employed by Emde {loc. cit.) was found to be unsatisfactory; reduc¬ 
tion - with iron, water, and ferric chloride also led to small yields of 
diamine. This readily forms the disalicylidene derivative, which 
separates from benzene in canary-yellow leaflets, m. p. 176—177° 
(Pound: N, 7*3. C 26 H 20 O 2 N 2 requires N, 7*1%). 

-p-Nitrobenzylidenesalicylidenebenzidine. —The product (m. p, 221— 
222°, Barzilowski, loc. cit.) of interaction of p-nitrobenzaldehyde 
(1 mol.) and benzidine (1 mol.) in hot alcoholic solution was heated 
under reflux with an alcoholic solution of salicylaldehyde (excess). 
The red colour of the suspended solid rapidly changed to yellow, 
and after 30 minutes’ boiling the precipitate was collected and 
crystallised from benzene; yellow prisms, m. p. 210°, were then 
obtained (Pound: N, 10*1. C 26 H^0 3 Nr 3 requires N, 10*0%). 

p - Nitrobenzylideneacetylmopropylidenebenzidine. —p - Nitrobenzyl- 
idenebenzidine was warmed with acetylacetone, and the solution 
obtained was diluted with alcohol and allowed to cool; brownish- 
yellow, warty prisms, m, p. 185°, then separated (Pound ; 3ST, 10*6. 
CgaHaiOgJTg requires N, 10^9%). 

The authors desire to thank the Research Fund Committee of the 
Chemical Society for a grant in aid of this investigation, and Mr. 
W. Gordon Adam, of The Gas Light and Coke Company, for a gift 
of benzene. 
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LXII .—The Complex Salts of fi(S'-Triaminotriethyl- 

amine with Nickel and Palladium. 

« 

By Frederick George Mann and William Jackson Pore* 

We have already shown ( Proc . Roy. Soc ., 1925, A, 109, 444) that 
p p'p"-triaminotriethylamine may act as a tetra-acidic or a triacidic 
base, according as the tertiary nitrogen atom exerts or does not exert 
its basicity. The compound thus gives a tri- and a tetra-hydro- 
chloride, and also two platinichlorides, 

2N(CH 2 -CH 2 -NH 2 ) 3J 6HCl,3PtCl 4 ,10H 2 O (I) 
and 2N(CH 2 -CH 2 -NH 2 ) 3 ,8HCl,4PtCl 4 ,20H 2 O (II), two aurichlorides 
and two rhodiochlorides. When, however, the base co-ordinates 
with metals, it acts solely as a tetramine, and two new types of 
complex salts were described: thus bivalent platinum of co-ordin¬ 
ation number 4 furnishes triaminotriethylamineplatinous iodide, 
[Pt tren]I 2 (III), whilst quadrivalent platinum of co-ordination 
number 6 gives dichlorotriaminotriethylamineplatinic chloride, 
[Pt tren C1 2 ]C1 2 (IV). In these formulae, the symbol u tren ” 
denotes one molecule of the base. 

The complex compounds which the base furnishes with nickel 
have now been prepared, and fall into two distinct classes. It is 
known that bivalent nickel may show a co-ordination number of 4 
or 6, furnishing, for example, tetramminonickel sulphate (V) and 
hexamminonickel iodide (VI). 

(V.) [Ni(NH 3 ) 4 ]S0 4 (VI.) [Ni(NH 3 ) 6 ]I 2 

(VII.) [Nitren]S0 4 (VIII.) [Ni 2 tren 3 ]I 4 

Triaminotriethylamine similarly gives triaminotriethylaminenickel- 
ous sulphate (VII) and tristriaminotriethylaminebisnickelous tetra- 
iodide (VIII): these two compounds are of the same general type 
as (V) and (VI) in that the metal shows a co-ordination number of 
4 and 6 respectively, although in the latter class three molecules 
of the tetramine distributed between two atoms of nickel are required 
if the metal is to show a co-ordination number of 6. 

Each of these two classes of complex nickel compounds possesses 
distinct points of interest. We have pointed out (loc. cit. 9 p. 440) 
that in compounds of the type of triaminotriethylamineplatinous 
iodide (HI), it might be expected that less strain on the amine 
molecule would result if two molecules of the base shared two atoms* 
a of the metal, thus giving a compound of the type [Pt 2 tren 2 ]I 4 . 

K me applies to triaminotriethylaminenickelous sulphate (VII), 
pound which by virtue of its high solubility in water lends 
|b; fhcther investigation. Molecular weight determinations 
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show, however, that the sulphate has the normal composition denoted 
by formula (VII), and that one molecule of the base oan actually 
satisfy one atom of the metal; conductivity measurements point 
to the same conclusion. 

With regard to the compound of co-ordination number 6, tris- 
triaminotriethylaminebisnickelous tetraiodide (VIII), it is difficult 
to see how this complex, composed of three molecules of the base 
arranged around the two nickel octahedra, can be other than dis¬ 
symmetric ; all attempts to resolve the tetraiodide, however, proved 
fruitless, possibly owing to the rapid racemisation of the active 
complex. 

The base has also been co-ordinated with bivalent palladium to 
give triaminotriethylaminepalladious iodide, a compound precisely 
similar to the platinous iodide (III). 

Triaminotriethylamine thus furnishes three distinct types of 
complex compound, one with bivalent metals of co-ordination num¬ 
ber 4, e.g. t compounds (III) and (VII), and two with metals of 
co-ordination number 6, e.g., compounds (IV) and (VIII). These 
are the first complex compounds to have been prepared with a tetr- 
amine; they are, moreover, the first compounds to be described in 
which an aliphatic tertiary nitrogen atom occupies a co-ordination 
position. 

Experimental. 

Preparation of Triaminotriethylaminenichelous Thiocyanate and 
Tristriaminotriethylaminebisnickelous Tetraiodide .—Nickel succin- 
imide, [Ni(N:C 2 0 2 :C 2 H 4 ) 2 2H 2 0],6H 2 0 (Tschugaev, Ber., 1906, 39, 
3197) forms an excellent starting point for the preparation of the 
co-ordinated derivatives of the metal, since the succinimide residues 
are easily replaced by aliphatic amines. A mixture of triamino- 
triethylarnine trihydrochloride (32*5 g.) and 33% aqueous caustic 
soda solution (40*0 c.c.) is therefore warmed on the water-bath until 
sodium chloride alone remains undissolved. The mixture is poured 
into a hot solution of nickel succinimide (26*0 g.) in alcohol (760 c.c.). 
The green solution changes rapidly to blue and is boiled gently for 
30 minutes. It is cooled, the precipitated sodium chloride filtered 
off, and the solution then evaporated gently on the water-bath with 
the occasional addition of water until it is free from alcohol and of 
about 60 c.c. in volume. The solution, now of a deep blue, contains 
a mixture of the two complex ions [Ni tren]" and [N^tren^*"*; 
these can be isolated readily as the thiocyanate and tetraiodide, 
respectively. If the solution is poured into a warm strong solution 
of potassium thiocyanate, the thiocyanate separates as a pale blue 
powder or deep blue crystals according to the concentration of the 
nickel solution; if the original solution is poured into hot strong 
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potassium iodide, the tetraiodide separates as a reddish-violet 
powder or deep violet crystals. These two compounds and their 
derivatives will be described in turn. 

TriaminotriethylaminenicJceloiiS thiocyanate, [Ni tren](SCN) 2 . The 
•thiocyanate crystallises with great facility from hot aqueous solution 
in long, very beautiful, deep blue prisms, and two such recrystallis¬ 
ations of the crude product obtained by precipitation with potassium 
thiocyanate furnish the pure thiocyanate. The latter darkens in 
colour at 260° and melts with decomposition at 285°; it is soluble 
in hot, but almost insoluble in cold water [Found : 0, 30*1; H, 5*6; 
N, 26*3; ionised (SON), 35*95. C 8 H 18 N 6 S 2 Ni requires 0, 29*9; 
H, 5*65; N, 26*2; 2(SCN), 36*2%]. Very rarely the thiocyanate 
crystallises in long, narrow, and very thin 
plates : this form is of the same colour as the 
prismatic variety, and differs from it apparently 
only in crystalline habit. 

Mr. J. W. Notman of Clare College, working 
under the direction of Mr. A. Hutchinson, F.R.S., 
has furnished the following report: 

** Triarninotriethylaminenickelous thiocyanate. 
System, orthorhombic. Class, bipyramidal. 
a : b : c = 0*736 : 1 : 1*167. The substance occurs 
in fairly well-developed crystals, of elongated 
prismatic habit, of which four were measured. 
Forms present: B {010} m {110}, l {120} observed on one crystal 
only, e {011},/{012}. 

Meas. Calc. 

Angles mm $ 110; HO = 72° 42' — 

Bm 010 : 110 « 53 S3 53° 39' 

Be 010:011 *= 40 35 — 

ef Oil : 012 ». 19 9 19 9 

ff' 012; 0l2 « 60 52 60 32 



The crystals were deep blue in colour and, being very opaque, 
did not lend themselves to optical examination. Some exceedingly 
thin plates obtained in the case of one preparation enabled straight 
extinction to be determined/* * 


Both the nickel complexes recorded in this paper are very sensitive 
to acids, and the addition of hydrochloric acid immediately converts 
the deep blue of the complex into the pale green of the normal 


nickel salt. If a warm solution of the thiocyanate is treated with v 
i ^tdorc^latinm acid solution, the normal platinichloride (II) of the 
£a$e is therefore precipitated: if, however, a solution of sodium 
l^tmiehloride is used, iriaminotneihylaminmichelous platinic tetm* 
4itkhcycmate, [Ni tren]PtCl 4 (SCN) 2 , is precipitated as a 
lewder, insoluble in water : it shrinks at 211—213°, 
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but*does not melt below 280° (round: C, 14*9; H, 2*8; N, 12-8. 
C 8 H 18 N e Cl 4 S^TiPt requires C, 14*6; H,2*8; N, 12*8%). 

Triaminotriethybminenickelous Sulphate, [Ni tren]S0 4 ,7H 2 0.—Hot 
aqueous solutions of the thiocyanate (6*0 g.) and silver sulphate 
(5*82 g.) were mixed, and the product, after gently boiling for 15 
minutes, was filtered and evaporated down to small bulk on the 
water-bath. The concentrated solution on cooling deposited deep 
blue crystals; these were recrystallised from a little hot water, 
filtered, and dried in air. This sulphate, like normal nickel sulphate, 
gives a series of hydrates. The product obtained as above is the 
heptahydrate (Found: S0 4 , 22*7; H 2 0, 29*4. C 6 H 32 O n N 4 SNi 
requires S0 4 , 22*5 ; 7H 2 0, 29*5%). The heptahydxate when placed 
over calcium chloride for 24 hours gives the dihydraie as a fine red¬ 
dish-blue powder (Found: C, 21-3; H, 6*6; S0 4 , 28*4. C 6 H 22 O e N 4 SNi 
requires C, 21*4; H, 6*55; S0 4 , 28*5%). The dihydrate on pro¬ 
longed exposure to calcium chloride, or when heated in a vacuum 
at 100°, gives the anhydrous sulphate as a pale-blue powder, which 
does not melt below 300° (Found: S0 4 , 32*25. C 6 H 18 0 4 N 4 SNi 
requires S0 4 , 31*9%). 

If the anhydrous sulphate has the formula [Ni tren]S0 4 , the 
molecular weight is 300*9, and the “ apparent ” molecular weight 
in dilute aqueous solution (if ionisation is complete) is 150*4. If, 
however, it has the formula [Ni 5 tren 2 ](S0 4 ) 2 , the molecular weight 
is 601*8, and the “ apparent ” molecular weight 200*6. The results 
actually obtained by the cryoscopic method are as follows, c being 
the concentration of the anhydrous sulphate expressed as g. in 100 g. 
of water: 

o ...... 0*422 1*32 1*70 3*23 

“ Apparent ” mol. wt. 160(157*) 173 180 218 

* Calculated value, correct to only two significant figures. 


These results furnish strong evidence that the sulphate has the 
simple formula [Ni tren]S0 4 , and that the “ apparent ” molecular 
weight approaches to 150 at great dilution, and increases with 
increasing concentration as the degree of ionisation falls. If the 
compound possessed the double formula, it could not show an 
apparent molecular weight of less than 200. This conclusion is 
confirmed by the close correspondence between the equivalent 
conductivities of normal nickelous sulphate and triaminotriethyl- 
aminenickelous sulphate at 25°. 


Vol. (litres) containing 1 g. equiv, 
of sulphate ..* 

Eqmv. oond.{gjf^— 


128 256 

88*2 98*9 

85*9 96*7 


512 

109*3 

106*0 


1024 

117*4 

119*2 
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The values for nickel sulphate are those given by Franks (Z. 
physikal. Chew,., 1896, 16, 472), those for the tetramine derivative 
have been determined by Mr. A. F, H. Ward of Jesus College and 
Mr. L. F. S. Ward of Trinity College, to whom the authors' thanks 
are due. 

Tristriaminotnethylaminebisnickeloiis Tetraiodide , 
[Ni 2 tren 3 ]I 4 ,3p[ 2 Ch 

—The crude reddish-violet iodide obtained by precipitation with 
potassium iodide in the original preparation is recrystallised three 
times from hot water, and so obtained in heavy, deep violet crystals: 
if the hot aqueous solution is too concentrated or is chilled too 
rapidly, the tetraiodide separates as an oil which subsequently 
solidifies (Found: C, 18-9; H, 6*4; I, 45-1, 45-1, 45-2; Ni, 104, 
10*3; H 2 0, 5-6. C 36 H 122 0 7 N 24 I 8 Ni 4 requires C, 19*2; H, 6*5; 

I, 45*1; Ni, 10*4; H 2 0, 5*6%). On one occasion when a small 
quantity of the iodide was rapidly recrystallised from a little hot 
water, the dihydrate separated (Found : C,* 19*5, 19*6; H, 5*2, 
5*2; N, 15*15; I, 46*2, 46*0. C 18 H 58 02N 12 I 4 Ni2 requires C, 19*6; 
H,5*3; N, 15*3; 1,46*2%). The anhydrous tetraiodide, obtained 
by heating either of the above hydrates in a vacuum at 110°, is a 
pale violet powder, m. p. 307—309° (decomp.) (Found : I, 474^ 
CjgH^N^Nig requires I> 47*6%), . 

If, after the crude tetraiodide has been precipitated in the original 
preparation, the filtrate is treated with saturated potassium thio¬ 
cyanate solution, triaminotriethylaminenickelous thiocyanate 
separates in fair yield and after two recrystallisations is pure; both 
complexes can thus be isolated from the same preparation. 

The tetrabromide, [Ni 2 tren 3 ]Br 4 , can be obtained in small yield 
by treating the final solution in the original preparation with strong 
sodium bromide solution, or in better yield by treating a saturated 
solution of the tetracamphorsulphonate described later with sodium 
bromide. It is obtained on recrystallisation as a pale reddish-blue, 
anhydrous powder, which does not melt below 290° (Found : H, 6*1; 
Br, 36*4, 36*7; Ni, 13-6. C 18 H 54 N 12 Br 4 Ni 2 requires H, 6*2; Br, 
36*5; Ni, 13*4%). 

Attempted Resolution of the Tristriaminoirkthylaminebimickelous 
Complex , [Nigtreng]”’*.—The tetra-d-a-bromocamphor-Ti-sulphonate, 
[Ni 2 tren 3 ](C 10 H 14 O 4 BrS) 4 . Solutions of 16*0 g. of the tetraiodide 
(3|H 2 0) and 23*56 g. of silver i-a-bromocamphor-w-sulphonate, each 
in 75 c.c. of hot water, were mixed and the product, after gentle 

Throughout, this paper, repeated analytical results refer to analyses of 
preparations of the compound, and not merely to repeated analyses 
preparation: the figures given for this dihydrate are. the only 
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boiling, was filtered and evaporated until crystals appeared on the 
surface. The solution was now cooled and filtered, and the crystal¬ 
line residue three times recrystallised from water. The anhydrous 
tetra-d-broTnocamphorsulphonate was thus obtained as a pale violet, 
crystalline powder, which shrinks at 180° and melts with decom¬ 
position at 183—185° (Found: H,* 6*2; Br, 17-8; S, 7*05; Ni, 6*5* 
C 58 Hx 10 O 16 Nr i2 Br 4 S 4 Ni 2 requires H, 6*2; Br, 17*8; S, 7*1; Ni, 
6-5%). 

The tetrabromocamphorsulphonate is so slightly soluble in water 
that it could not be reconverted by double decomposition into the 
bromide or iodide. The hot aqueous solution was therefore added 
carefully to a hot dilute solution of sodium piorate, and the 
ietrapicrate * [Ni 2 tren3](C 6 H 2 0 7 N 3 ) 4) 3H 2 0, precipitated as a fine, 
dark yellow powder, which when filtered, washed with water and 
alcohol, and air-dried melted with decomposition at 205—206° 
(Found : 0, 33*25; H, 4*5; N, 22*2. C^HesO^N^Nia requires 
0, 33*1; H, 4*5 ; N, 22*1%). 

This tetrapicrate was found to be identical in composition and 
melting point with that obtained directly from the tetraiodide; 
it is only very slightly soluble in boiling water and insoluble in all 
ordinary organic solvents except formamide. No rotation could 
be detected in a 0*5% solution of the picrate in formamide in a 
2-dcm. tube: stronger solutions could not be used owing to the high 
absorption of light. 

The tetra-d-mmphor-fi-sulphonate, [Ni 2 tren 3 ](CxoH 15 0 4 S) 4 . Solu¬ 
tions of the tetraiodide (19*0 g.) and silver ^-camphor-(3-suiphonate 
(22*8 g.), each in warm water (80 c.c.), were mixed, and the product 
after gentle boiling was filtered and then evaporated until crystals 
appeared in the solution. The latter was cooled and filtered, and the 
crystallised product three times recrystallised from warm water. 
The i&raA-mmpborovlphonate was thus obtained as a reddish-violet, 
crystalline powder, which shrinks at 230° and melts at 233—235° : 
it is appreciably more soluble in water than the corresponding 
bromocamphorsulphonate (Found : H, 7*8; S, 8*9; Ni, 7*95. 
C 5 8Hi 14 0 16 N 1Si S 4 Ni 2 requires H, 7*8; S, 8*7; Ni, 7*9%). A warm 
solution of the camphorsulphonate was mixed with that of potass¬ 
ium iodide, and the crystals which separated on cooling were rapidly 
recrystallised from a little hot water, the pure tetraiodide being thus 
obtained (Found: I, 45*1%). A 2% aqueous solution of this 
tetraiodide in a 4-dcm. tube gave no perceptible rotation. 

Attempts to prepare a crystalline tartrate of the complex failed, 
only syrupy solutions being obtained. 

* All the camphor derivatives (and certain others) recorded in this paper 
gave low and irregular values for carbon, but satisfactory values for hydrogen. 
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Triaminoirieihylaminenickd<^ d-bromoMLmphorsidphonate, 

[Ni tren](C 10 H 14 O 4 BrS) 2 ,2H 2 O* 

Attempts were also made to prepare the above tetra-i-bromooam- 
phor-rc-sulphonate by double decomposition of the tetraiodide with 
ammonium d-bromocamphorsulphonate. It was found, however, 
that when solutions of the tetraiodide (4 g.) and an excess of the 
ammonium sulphonate (6 g.), each in warm water (20 c.c,), were 
mixed, and the product warmed on the water-bath, ammonia was 
evolved, and crystals soon appeared on the surface. This product 
was twice recrystallised from warm water, and finally obtained W 
beautiful, bluish-violet, crystalline plates. These on analysis proved 
to be triaminotrieihylaminenickeloiis d-bromommphorsvlphonaie 
(Found: Br, 18*6; S, 7*5; Ni, 6*65; H 2 0,4*2. O 26 H 50 O 10 N 4 Br 2 S 2 Ni 
requires Br, 18*55; S, 7*4; Ni, 6*8; 2^0, 4*2%). Heating in a 
vacuum at 110° gives the pale blue, anhydrous product, m. p. 
263—266° (decomp.). The identity of this compound was further 
confirmed by treating its warm aqueous solution with potassium 
thiocyanate solution, when triaminotriethylaminenickelous thio¬ 
cyanate separated, and when once recrystallised was pure (Found: 
N, 25*85%). This degradation of the nickel complex of co-ordination 
number 6 to that of co-ordination number 4 by the action of an 
ammonium salt was found to be general, and to follow presume 
ably the equation [NigtrenglX* + 4NH 4 X' = 2[Ni tren]Xa + 
tren 4HX' + 4NH 3 . It is noteworthy that the third molecule of the 
tetramine in the higher complex is evicted but not replaced by the 
ammonia under these conditions, and all attempts made to prepare 
compounds having the complex [Ni tren(NH 3 ) 2 ]** failed. In the 
particular case of the d-bromocamphorsulphonate described above, 
the colours of the dihydrate (bluish-violet) and the anhydrous 
product (pale blue) are characteristic of nickel complexes having 
co-ordination numbers of 6 and 4 respectively, and therefore the 
dihydrate has probably the composition 

[Ni tren(H 2 O) 2 ](C 10 H 14 O 4 BrS) 2 . 

Tnamirwtnethylamimpalladioics Iodide , [Pd tren]I 2 .—A warm 
solution of triaminotriethylamine trihydrochloride (5*4 g.) in 33% 
aqueous caustic soda solution (7*4 c.c.) is added to a solution of 
palladium dichloride (3*0 g.) in hot water (70 c.c.). An amorphous, 
yellow precipitate at once appears, but redissolves when the solution 
isheated on the water-bath. After heating for 2 hours, the solution 


is evaporated to small bulk, filtered, and mixed with warm strong 
Igetassium iodide solution. The cream-coloured precipitate is 
l&^red off, and recrystallised from much hot water, in which the 
only moderately soluble. The 
ioBtite. is thus obtained as a fine, cream-coloured powder, 
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which after drying over sulphuric acid darkens in colour at 220° and 
melts at 224—226° (decomp.) (Found : C, 14*1; H, 3*9; I, 49-6; Pd, 
20*9. C 6 H 18 N 4 I 2 Pd requires C, 14*2; H, 3*6; I, 50*1; Pd, 21*1%). 

If instead of adding potassium iodide to the above solution, the 
latter is chilled, made just acid with hydrochloric acid, and treated 
with an excess of dilute palladium dichloride solution, a fine dark 
brown precipitate separates. The latter redissolves if the solution 
is warmed, and on filtering and cooling, long, chocolate-coloured 
needles separate. These crystals decompose largely if an attempt 
is made to recrystallise them from boiling water, and their identity 
is therefore uncertain; they would appear to be triaminotriethylamine - 
paUadious palladiochloride, [Pd tren]PdCl 6 ,H 2 0, and owe their 
formation presumably to partial atmospheric oxidation of the palla- 
dious chloride solution (Found : C, 12*3; H, 3*8; 01,36*3; Pd, 35*7. 
CeH^O^ClePdg requires C, 12*2; H, 3*4; Cl, 36*0; Pd, 36*15%). 

The University Chemical Laboratory, 

Cambridge. [. Received , December 1 UK 1925.] 


LXIII,— yy ! y"-Triaminotripropylamine and its Complex 
Compounds with Nickel . 

^' 

By Frederick; Georoe Mann and William Jackson Pope. 

The preparation of yyy ' -triaminotripropylamine is similar to that 
^Ejp'p^-triaminotriethylamine, for molten phthal-y-bromopropyl- 
imi&e on treatment with gaseous ammonia gives yy'y''-triphthal- 
imidotripropylamine hydrobromide, which on hydrolysis furnishes 
the required base. Whereas, however, the tertiary nitrogen atom 
in triaminotriethylamine is so feebly basic that the amine may act 
as a tri- or a tetra-acidic base, that in triaminotripropylamine, by 
virtue of its greater distance from the primary amine groups, is 
strongly basic, and the amine therefore always acts as a tetra- 
acidic base. The strongly basic character of the tertiary amine 
group in triaminotripropylamine causes the synthesis to follow a 
rather different course from that of the corresponding ethyl base- 
Ammonia reacts with phthal- p-bromoethylimide to give triphthal- 
imidotriethylamine, mixed with about 12% of the hydrobromide of 
this base: phthal-y-bromopropylimide, however, gives solely tri- 
phthalimidotripropylamine hydrobromide, and none of the free 
base. The hydrobromide, moreover, is largely contaminated with 
various amorphous by-products, and the yield of the triphthaHmido- 
compound is therefore low. 

It has been shown (preceding paper) that nickel succinimide on 
treatment with triaminotriethylamine gives a mixture of two com- 
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plex ions, the bivalent triaminotriethylaminenickelous ion, [Ni tren]”, 
in which the metal shows a co-ordination number of 4, and the 
quadrivalent tristriaminotriethylaminebisnickelous ion, [Ni 2 tren 3 ]*"*, 
in which the metal has a co-ordination number of 6. Nickel succin- 
imide on treatment with triaminotripropylamine gives, however, 
one complex of the first type only, and the triaminotripropylamine- 
nickelous ion, [Ni trpn]", in which the metal shows a co-ordination 
number of 4, can be precipitated as the thiocyanate. The symbol 
“ trpn■” is here used to denote one molecule of , the tetramine. 
This complex ion is less stable and less strongly electropositive than 
the corresponding ethyl complex ion; the thiocyanate undergoes 
slight decomposition even on recrystallisation from hot water, whilst 
precipitation with potassium iodide in the original preparation 
furnishes the hydroxy-iodide of the above complex. The normal 
iodide is prepared by the double decomposition of some far more 
stable salt such as the nitrate. 

No complex compound of triaminotripropylamine with nickel or 
with platinum in which the metal showed a co-ordination number 
of 6 could be isolated. It would seem, therefore, that the very well 
defined dichlorotriaminotriethylamineplatinic chloride, 

[Cy?t trenJCI^, 

has no stable propyl homologue. 

Experimental. 

Triphthalimidotripropylamine Hydrobromide , 

(c 6 H 4 <^g>N-CH 2 -CH 2 -CH 2 ),N ; HBr. 

—A stream of dry ammonia gas is passed through molten phth&l- 
y-bromopropylimide at 150° until the product becomes too viscous 
to allow further passage of the gas, the reaction being about twice 
as rapid as that with phthal-P-bromoethylimide under like con¬ 
ditions. The cold pale-yellow product (with containing tube) is 
pulverised, and twice extracted with boiling alcohol: the residue 
is washed with water, and then recrystallised from hot acetic acid. 
The solution, when filtered and cooled, deposits yyy'-tripMhal- 
imidotripropylamine hydrobromide with one molecule of acetic acid 
of crystallisation. This product, when washed with acetic acid 
and ether and dried in the air, is pure ; on heating, it liberates 
acetic acid at 100—105°, and finally melts at 243—244°, i.e., at 
the melting point of the hydrobromide itself (Found: C, 58-5; 
fir,--11-4. C 35 H 35 0gN 4 Br requires C, 58-4; H, 4*9; Br, 

■ The hydrobromide itself can be obtained by heating the 
|^^|^odhot in a vacuum at 100°, or by crystallisation from a 
^oWme of very dilute hydrobromic acid, from which the 
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hydrobromide separates in colourless needles, m. p. 243—245° 
(Found : Br, 121. CggHgiO^Br requires Br, 12*1%), 
Triphthalimidotripropylamine, (C 6 H 4 . , C 2 0 2 !N , C 3 H 6 ) 3 N.—The hydro¬ 
bromide with acetic acid of crystallisation (2 g.) is dissolved in 
boiling water (450 c.c.), and to the clear solution is added a slight 
excess of iV'-sodium hydroxide (6*0 c.c.). A white precipitate of 
triphthalimidotripropylamine immediately separates, and when 
filtered, washed with boiling water, and twice recrystallised from 
alcohol, is obtained in fine needles, m. p. 150—151° (Found: 0, 
68*8; H, 5*2. requires C, 68*5; H, 5*2%). 

yy'y"-Triaminotripropylamine Tetmhydrochloride , 
N(CH 2 -CH 2 *CH 2 -NH 2 ) 3 ,4Ha,iH a O. 

—^Triphthalimidotripropylamine hydrobromide with acetic acid of 
crystallisation (10 g.) and hydrochloric acid (300 c.c., 1:1 by 
volume) are boiled under reflux. The solution becomes clear in 
about 4 hours, and after 7 hours is chilled, the phthalic acid 
separated, and the filtrate evaporated to small bulk. The tetra- 
hydrochloride is so soluble in water that it cannot be crystallised, 
and prolonged evaporation of its solution merely gives a syrup : 
the concentrated solution is therefore poured into alcohol, and the 
heavy syrup which separates, solidifies on standing and stirring 
to a crystalline mass of the tetrahydrochloride, which is filtered off 
and washed with alcohol. The tetrahydrochloride is thus obtained 
as slightly deliquescent, white crystals which melt with foaming 
at 227—229°; the water of crystallisation is not liberated on 
heating in a vacuum at 100° (Found: C, 31*1; H, 8*2; 01, 41*3, 
41*7. C 18 H 5 30 N 8 C 1 8 requires C, 31*5; H, 8*45; Cl, 41-3%). 
Triaminotripropylamine platinichloride , 

N(C 3 H 6 *NH 2 ) 8 ,4HCl,2PtCl 4 ,3H 2 0, 

is prepared in the usual way, and when recrystallised from a little 
water separates in orange-coloured needles (Found; 0, 10*3; 
H, 3*2; Pt, 36*7; H 2 0, 4*9. C^O^Cl^Pt* requires C, 10*2; 
H, 3*2; Pt, 36*8; 3H 2 0, 5*1%). The anhydrous material darkens 
at 250° and melts with decomposition at 257—258°. 
Triaminotripropylamine auricMoride } 

N^sHe-NHsjJg^HClMuOla^HaO, 

separates when concentrated solutions of the tetrahydrochloride 
and of potassium aurichloride are mixed. It is filtered, washed 
with water, and dried without recrystallisation; the orange-yellow 
needles, m, p. 191—192° (decomp.), are even more soluble in 
alcohol and acetone than in water (Found: C, 6*9; H, 2*0; Au, 49*4, 
49*5. CgH^OgN’^gA^ requires 0, 6*75; H, 2*1; Au, 49*2%). 

Triaminotripropylamine picrate , N(0 3 H 6 *NH 2 ) 3 ,4C e H 4 0 7 N s ,H 2 0, 
is almost insoluble in the usual liquids, but can be recrystallised 
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from boiling water, one litre of which dissolves about 1 g. of the 
picrate. The latter separates in pale yeEow needles which soften 
at 190° and melt with decomposition at 222° (Pound: 0, 35*2; 
H, 3-5* requires 0, 35*3; H, 34%), 

Tribenzoyltricminotripropylamine , N(C 3 H e *NH*CO*C 6 H 5 ) 3 , pre¬ 
pared in the usual way, is obtained after three recrystallisations 
from anhydrous acetone as fine, white crystals, m. p. 129—131° 
(Pound: 0,72-1; H, 7*2, C 30 H 36 O 3 N 4 requires 0, 71*9; H, 7*25%), 


The Co-ordination Derivatives of Triaminotripropylamine. 

Tnaminotripropylaminenichelous thiocyanate, [Ni trpn](SCN) 2 .— 
The tetrahydrochloride of the base (12*0 g.) is wanned with 33% 
aqueous caustic soda solution (16*0 c.c.) until sodium chloride alone 
remains undissolved : the mixture is then added to a hot solution 
of nickel succinimide (8*5 g.) in alcohol (250 c.c,). The colour of 
the solution changes rapidly from pale green to blue. The solution 
is now treated precisely as in the preparation of the corresponding 
ethyl derivative (p. 483), and the concentrated aqueous solution is 
filtered directly into a cold strong solution of potassium thiocyanate. 
The fine precipitate is filtered off and twice recrystallised from hot 
water, from which the tnaminotripropylaminenichelous thiocyanate 
separates on rapid cooling in pale lilac-blue, crystalline leaflets, 
and on slow cooling in long needles of the same colour. The 
difference between these two forms, as in the case of the corre¬ 
sponding ethyl derivative, is apparently solely one of crystalline 
habit (Pound : C, 36*6; H, 6*55; Ni, 16*2. C n H 24 N 6 S 2 Ni requires 
C, 364; H, 6*7; Ni, 16*2%). The thiocyanate melts at 260—261° 
with decomposition; it is far less stable than the corresponding 
ethyl compound, and when recrystallised from hot water always 
leaves behind on the filter a small quantity of an amorphous green 
product, presumably nickel hydroxide, 
Tnamimtnpropylaminmickekm Iodide , [Ni trpn]I 2 ,l JH 2 0.—The 
thiocyanate in hot aqueous solution is treated with, a solution of 
the calculated quantity of silver nitrate, and the product, after 
filtering, evaporated to small bulk. The cold concentrated solution 
is added to a cold saturated potassium iodide solution, and the 
crystalline precipitate filtered off and washed with a little water, 
alcohol, and ether. The iodide is thus obtained as a fine, 


apple-green, crystalline powder (Pound: I, 48*05; Ni, 11*0. 
|| CjgH^OgN^I^Nig requires I, 48*1; Ni, 11*1%). 
feu ‘ Tnaminotripropylaminenichelous Hydroxy iodide, 

. [Ni frpn]I(0H),2H 2 0. . 
concentrated aqueous solution obtained by treating 
with the amine is mixed with about twice its 
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volume of hot strong potassium iodide solution, fine, sea-green, 
crystalline leaflets rapidly appear. These' crystals consist of the 
above hydroxyiodide combined with potassium iodide, and have 
the composition 2[Ni trpn]I(0H),KI,2H 2 0. This compound is de¬ 
composed, however, even by cold water, and the preparation of the 
pure material is therefore almost impossible: slight dissociation 
occurs when the crystals are washed even with a little alcohol to 
free them from mother-liquor, and various preparations always 
give in consequence a low iodine and high carbon value (Found: 
C, 22-7; H, 5-3; N, 11-0; I, 37-7; Ni, 11-5. C 18 H 54 0 4 N 8 X 3 NiK 
requires C, 22-0; H, 5-5; N, 114; I, 38-7; Ni, 11-9%). 

If the mother-liquor after the separation of these crystals is treated 
further with potassium thiocyanate solution, a small precipitate of 
triaminotripropylaminenickelous thiocyanate is obtained. 

When the green crystals of the potassium iodide addition product 
are dissolved in warm water, a deep blue solution is at once 
obtained, and, on cooling, deep blue crystals of tricminotripropyl- 
amineniclcelous hydroxyiodide, [Ni trpn]I(OH),2H a O, separate. The 
hydroxyiodide is quite stable in the presence of water, and can be 
recrystallised repeatedly from boiling water without apparent 
change (Found: C, 25-5; H, 6-3; N, 13-0; I, 29-5; Ni, 13*5. 
CgH^OaNjINi requires 0, 25-3; H, 6*85; N, 13*1; I, 29*7; Ni, 
13*75%). This compound when heated in a vacuum at 100° 
readily loses its water of crystallisation, but at the same time under¬ 
goes slight further hydrolysis, and the anhydrous product is there¬ 
fore never quite pure. When the hydroxyiodide in strong aqueous 
solution is treated with strong potassium iodide solution, the sea- 
green crystals of the above potassium iodide addition product once 
again separate, and when recrystallised from water again furnish 
the pure deep blue hydroxyiodide. Moreover, when the hydroxy¬ 
iodide in aqueous solution is treated with potassium thioeyanate 
solution, a rapid precipitation of triaminotripropylamineniokelous 
thiocyanate occurs, and the latter when once reorystallised from 
hot water is pure (Found : N, 23*2. 0 u H 24 N 8 8 g Ni requires N, 
23*2%). Aqueous solutions of the hydroxyiodide are distinctly 
alkaline, and on exposure to air absorb carbon dioxide. 

In view of the ready formation and great stability of diohloro- 
triaminotriethylamineplatinic chloride, [Cl 2 Pt tren]Cl 2 (p. 482) many 
experiments were made to prepare the corresponding propyl deriv¬ 
ative; No definite evidence of the formation of such a compound 
could be obtained, however, and the attempt was finally abandoned. 

The University Chemical Labobatobv, 

Cambridge. • [Received, December 16th, 1925.] 
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LXIV *—The Resolution of dbAlanine and the 
Formation of trans-2:5 -Dimethylpiperazine. 

By Fbederio Babby Kipping and William Jackson Pope. 


The <*-2 : 5-dimethylpiperazine of Stoehr (J. pr. Chm 1893, 47, 
494; 1897, 55, 49) was identified by Pope and Read (J., 1912,101, 
2327; 1914, 105, 219) as the 2r<ms-isomeride; the same compound 
was obtained by Hoyer (Z. physiol. Chem., 1902, 34, 347) by the 

reduction of lactimide, The lattes? coaj|| 

pound would therefore appear to be internally compensal^ror 
trans-3 : 6-diketo-2 : 5-dimethylpiperazine produced by anhydride 
formation from a molecule each of d- and ^-alanine; this conclusion, 
as will be shown later, is not necessarily correct. The two optically 
active alanines, on the other hand, yield optically active anhydrides 
(E. Fischer, Ber.> 1906, 39, 453) which are necessarily the d- and 
l-cis- 3 : 6-diketo-2 : 5-dimethylpiperazines. It might be expected 
that on reduction the latter substances would yield the d- and l-cis- 
2:5-dimethylpiperazines; the racemic compound of these two 
isomerides should be represented by the p-2 :5-dimethylpiperazine 
of Stoehr (loc. cit.) 9 but Pope and Read were unable to separate such 
a compound from the material which they examined. 

It thus seemed desirable to reduce the anhydride of one of the 
optically active alanine anhydrides or cis- 3 : 6-diketo-2 : 5-dimethyl¬ 
piperazines for the purpose of isolating and further characterising 
the d- and l-cis-2: 5-dimethylpiperazines which were presumably 
associated in Stoehr’s ^-compound. A certain quantity of ^-alanine 
was prepared by the hydrolysis of silk as described by Fischer (Per., 
1906, 39, 4§2), but the process, although satisfactory, is tedious* 
The preparation was hastened by preparing ^-alanine from acetalde¬ 
hyde, potassium cyanide and ammonium chloride by the method of 
Zelinsky and Stadnikov (Ber., 1908, 41, 2061) and resolving this 
into its optically active components. 


Fischer {Ber., 1899, 32, 2459) resolved benzoyl-^Z-alanine by 
crystallisation with cinchonine, and Gibson and Pope (J., 1912,101, 
939) improved this method by the alternate use of strychnine and 
brucine; the hydrolysis to d- and Z-alanine proceeds, however, only 
with difficulty. Gibson and Simonsen (J., 1915,107, 798) resolved 


dZ-p-toluenesulphonylalanme by crystallisation with strychnine and 
fe ^poine, and Colombano and Sanna (Atti R. Accad. Lined, 1913, 22, 
n^^^)',resolved (^alanine by crystallising its ethyl ester with 
i- l^li^oeamphorsulphonic acid. 

^ W these methods proved satisfactory for preparing the 
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optically active alanines in quantity and we therefore devised a new 
one. It was found that d-hydroxymethylenecamphor and eZ-chloro- 
methylenecamphor do not condense with dK-alanine, but that con¬ 
densation occurs readily with the ethyl ester of alanine; the method 
of resolution by means of d-hydroxymethylenecamphor described 
by Pope and Read (J., 1914, 105, 219) is therefore applicable and 
the condensation products can be hydrolysed by concentrated 
hydrochloric acid, yielding the optically active alanines* This 
method of resolving dZ-alanine seems to be the most convenient 
yet described; by its aid Z-alanine has been separated in quantity 
from the racemic compound. 

Several methods for converting the d- and Z-alanines into the d- 
and l-cis-Z : 6-diketo-2 : 5-dimethylpiperazines, or the optically 
active lactimides, were studied. Hoyer’s method of heating alanine 
in dry hydrogen chloride at 180—200°, boiling the product with 
lead hydroxide, and removing the metal by hydrogen sulphide gave 
poor yields. One method described by Fischer (J5er., 1906, 39, 467), 
in which the ethyl ester of alanylalanine, prepared from alanine 
ethyl ester and alanyl chloride, is treated with gaseous ammonia, 
also gives poor yields. Fischer’s second method (Ber. y 1906, 39, 
543), in which the ethyl ester of alanine is preserved for several 
weeks, is satisfactory and gives a yield of about 70%. 

When the optically active lactimides, which have necessarily the 
^-configuration, were reduced with sodium and alcohol, the chief 
product, and indeed the only one which could be isolated, was the 
potentially optically inactive trans-2 :5-dimethylpiperazine identi¬ 
fied by Pope and Read. It thus seems clear that the lactimide under¬ 
goes enolisation during reduction in accordance with the scheme 


NH< 


COCHMe 

CHMe-CO 


£>nh 






and that the original cis-compound thus becomes converted into the 
trans-2: 5-dimethylpiperazine accompanied by little, if any, of the 
cis-isomeride. No evidence is thus obtainable as to, whether in¬ 
active lactimide is the racemic or cis-compound or the internally 
compensated or iraws-compound. 


Experimental. 

dl-Alanine, prepared by Zelinsky and Stadinov’s method, Was 
converted into its ethyl ester, which was then heated for 2 hours 
on the water-bath with an equimoleoular quantity of d-hydroxy- 
methylenecamphor. On pouring into water, extracting with light 
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petroleum, and evaporating the petroleum solution after drying with 
potassium carbonate, an oil was obtained which readily crystallised; 
the crystalline product was repeatedly crystallised from light 
petroleum until its melting point became constant at 108—109°. 
The substance thus obtained in long, white needles is the d -methylene- 

camphor-l-alanine ethyl ester, 

(Found: C,68*9; H, 8*9. C 16 H 25 0 3 N’ requires C, 68*8; H, 9*0%). 
The substance is so soluble in most organic solvents that it can only 
be conveniently crystallised from light petroleum. 0*1008 Gram, 
made up to 20 c.c. with absolute alcohol, gave asg green = + 2*58° 
in a 2-dem. tube at 20°; whence [a] H g green = + 256°. 

This compound, when treated by the bromine method of Pope 
and Read, yielded only resinous products from which alanine could 
not be separated; it is, however, hydrolysed by distillation in steam 
after admixture with concentrated hydrochloric acid. Hydroxy- 
methylenecamphor distils away and Z-alanine hydrochloride remains 
behind; the hydrochloric acid is removed with the aid of lead 
hydroxide, the excess of the latter by hydrogen sulphide, and the 
Z-alanine then separated by crystallisation from the residual aqueous 
solution. 1*8761 Gram, made up to 20 c.c. with 1 • 2 5N -hydrochloric 
acid solution, gave a h& green = —3*22° in a 2-dcm. tube at 20°; 
whence [otjag green—— 12*2°; this value is numerically identical _ 
with that given by ^-alanine prepared from silk, but is, of course, of 
opposite sign. This simple type of method will be further studied 
in its applications to the resolution of racemic aminocarboxylic 
acids. 

Reduction of 1-Lactimide. —Z-Alanine was converted into its 
ethyl ester and preserved for several weeks until solidification had 
apparently become complete; after crystallisation from alcohol 
a 70% yield of Z-l&ctimide was obtained. The product melted at 
272° and showed [a]?f = + 29*1° in a 2% alcoholic solution. The 
i-laetimide (6 g.) was treated with absolute alcohol (300 c.c.), and 
sodium (32 g.) gradually added with constant shaking. After 
removal of the alcohol, the reduction product was benzoylated; the 
Only separable product was the optically inactive dibenzoyl-Zrcms- 
2:5-dimethyIpiperazine (0*8 g.) of Pope and Read. The identity 
of the product was confirmed by mixed melting-point deter min e 
ations with a sample of the latter substance; each, and the mixtures, 
melted at 227—228°. 

* No better yields were obtained by reducing the Z-lactimide in 
®ayl-aleohoiic solution and it is noteworthy that Gaurilov (BidL 
1925, 37, 1651) obtained only a 15% yield of piperazine 
. of reducing 2 : 5-diketopiperazine. The lactimide 
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could not be reduced by colloidal palladium or platinum, by calcium 
or calcium hydride and alcohol, or by aluminium amalgam in aqueous- 
alcoholic solution. 

The University Chemical Laboratory, 

Cambridge. [ Received , January 18 th, 1926.] 

NOTES. 

Air Oxidation of Titanous Sulphate Solution . Vanadous Sulphate , 
a New and Powerful Reducing Agent By A. S. Russell. 

The powerful reducing agent, titanous sulphate, is used less than 
it might be on account of the trouble of preserving it from oxidation 
by air. I am not aware than any worker with this reagent has said 
that this is unnecessary. Kneeht and Hibbert (“ New Reduction 
Methods in Volumetric Analysis,” 2nd ed., 1925, p. 62), who have 
the largest experience of this reagent, say that any results obtained 
without taking the precaution of preventing air oxidation are 
valueless. My experience is different. When a solution of titanous 
sulphate in 42V-sulphuric acid is prepared from titanic sulphate by 
Nakazono’s rapid method (J. Chem. Soc . Japan , 1921,42, 526), and 
kept in a burette exposed to air, I find that its titre when standardised 
with IV/10-permanganate remains constant for 12 hours. It follows 
that precautions to exclude air are unnecessary. It is also a con¬ 
sequence that if titanium itself be determined by reducing titanic 
sulphate with zinc amalgam and titrating the liquid after separation 
with permanganate, the work can be carried out in air if the acidity 
of the titanium solution is 4iV-sulphuric acid. I confirmed this by 
alternately reducing with zinc amalgam and oxidising with 2V/10- 
permanganate f our times a volume of titanic sulphate of known con¬ 
centration without excluding air. The titres were constant and 
equal to that calculated on the assumption that the reduction was 
quantitative.. Titanous sulphate thus resembles ferrous and uran- 
ous sulphates in being stable in air at the ordinary temperature if in 
4N-sulphuric acid. 

It is not necessary to adopt the excellent but elaborate method of 
Kneeht and Hibbert {op. tit, p. 63) for preserving titanous sulphate 
solution for a long time. It is simpler to have a solution of titanic 
sulphate in 42V-sulphuric acid and, whenever titanous sulphate is 
needed, to reduce the volume required with zinc amalgam for 1 
minute, decant the liquid into a flask, transfer to a burette, and 
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immediately before use standardise it against N / 10-permanganate. 
I find it is not oxidised by the air when run into hot or boiling 
solutions reduced by it. I find also that titanous sulphate is not 
less powerful as a reducing agent than the chloride and that the 
reducing power is unaffected by the presence of the free sulphuric 
acid. The sulphate solution is consequently simpler to use than the 
chloride, because in practice back titrations are done with perman¬ 
ganate as well as with ferric alum. 

Vanadous sulphate has not, I think, been previously used as a 
reducing agent. I find that it is a more powerful reducing agent 
than titanous sulphate, reducing with greater ease all the inorganic 
and. organic substances reduced by the latter. It reduces titanic 
sulphate itself in the cold. It lies between cadmium and tin in its 
reducing power in 2 V-sulphuric acid, whereas titanous sulphate 
was found to lie between lead and copper. It is, as is to be ex¬ 
pected, much more susceptible to air oxidation, but not to such an 
extent that precautions to exclude air when using it are essential. 
A Nj 10-solution in lOJV-sulphurie acid is not measurably oxidised 
by air when kept for an hour in a burette. It may therefore be used 
without excluding air in volumetric work which can be completed 
within that time. It is prepared by the same method and as 
quickly as titanous sulphate. —De. Lee’s Labobatoky, Cheist 
Cktjbch, Oxford . [Received, November 3rd, 1925.] 


The -Effect of Heat on Chloral Hydrate . Ey James Denis 
Motjotield and John Kebfoot Wood. 

The temperature at which the dissociation of chloral hydrate com¬ 
mences is unknown. It is complete at 78°, and the variability of the 
melting point suggests that it may occur to a considerable extent 
at about 50°. Pope (J., 1899, 75, 455) has suggested that two 
modifications of chloral hydrate may exist, but the work of Van 
Eossem and Jaeger ( Z . physical. Chem 1908, 62, 701) would appear 
to discredit this view. * 

To obtain further information on these matters, the authors have 
conducted dilatometric and tensimetric measurements with chloral 
hydrate. Eepeated experiments with “ liquid paraffin B.P.” as 
the indicating liquid showed that chloral hydrate suffers a change of 
volume at 32°; similar indications were given by samples which had 
been maintained at 20° and 40° for several days and which were 
slowly heated and cooled, respectively. 

the tensimeter experiments, the vapour pressure was measured 
mterals of temperature between 15° and 40°. The 
reeoltB ace in Tables I and II, the former referring to rising and the 
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latter to falling temperature; the pressures indicate millim etres of 
a-bromonaphthalene. 


Table I. Table II. 


Temp. 

Press. 

Temp. 

Press. 

Temp. 

Press. 

Temp. 

Press. 

15-65° 

6*12 

31*10° 

17*29 

37*70° 

25-29 

30-00° 

16-20 

18-90 

8-16 

31*90 

18-08 

37-25 

24*60 

28-70 

15-22 

19-80 

8-67 

33*00 

19*33 

36-43 

23*61 

27*60 

14-08 

21-30 

9-53 

34-00 

20-31 

35-90 

22-72 

25*70 

12-59 

23-01 

10-69 

34-55 

21*20 

34*95 

21*70 

24*00 

11*20 

24-80 

11-96 

35*50 

22*38 

33-60 

19-80 

21*80 

10-00 

26-70 

13-40 

36-50 

23*95 

32-50 

18*60 

20-85 

9*21 

27-10 

13-78 

37-30 

24-82 

31-50 

17*81 

19-45 

8-42 

28*50 

14-99 

37-73 

25*34 

31*20 

17-56 

_ 

_ 

29-50 

15-90 

38*05 

26-20 





30-35 

16-63 

38*50 

26*90 






The values obtained in the two series of experiments are in agree¬ 
ment and show the complete absence of a break in the vapour 
pressure curve in the vicinity of 32°; Ramsay and Young {Phil. 
Trans., 1886, 177, 76), from observations made at much larger 
intervals of temperature, also obtained a smooth curve. From the 
absence of a break in the vapour pressure curve it would appear most 
probable that the change which occurs at 32° does not correspond to a 
change of modification, but marks the commencement of the dissoci¬ 
ation of chloral hydrate. —Municipal College of Technology, 
University oe Manchester. [Received, October 10 th, 1925.] 


Preparation of Ethylene Bromohydrin. By Frederick Henry 
McDowall. 

In the method of preparation of ethylene bromohydrin described 
by Read and Williams (J., 1917, 111, 240) and Read and Brook 
(J-j 1920,117, 359,1214), bromine is carried over into the reaction 
chamber in the form of vapour by a current of air. This has 
several disadvantages. The ethylene becomes considerably diluted 
by the air, and a great deal is carried away, so that of the total 
amount used, only one-third is absorbed. Furthermore, the supply 
of bromine is not easily regulated. 

These disadvantages can be obviated by dropping the bromine 
from a small, finely-pointed burette down a guide-tube of small 
bore, the lower part of which reaches to the bottom of the reaction 
vessel, and is placed as far as possible from the ethylene inlet. 
The bromine can 'thus be introduced slowly and, with an efficient 
stirrer, it becomes dissolved in the water before contact with gaseous 
ethylene is possible. The yields obtained in two experiments 
coincided with the average of those obtained by Read and Brook 
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(loc. tit., p. 1214), while the quantity of ethylene used was only 
slightly in excess of that absorbed. [Received, January 1 2th, 
1926.] __ . 

An Automatic Siphonic Gas Circulator . By George M. Green. 

The apparatus described is the result of an unsuccessful attempt 
to construct a gas-circulating device of the type communicated by 
Pearson and Thomas (J., 1925, 127, 2450). It does not contain a 

mechanical device of the plunger 
variety, and the advantages 
claimed for it are simplicity of 
construction and perfect con¬ 
tinuity of action, once started. 
Its disadvantages lie in its com¬ 
parative' slowness and its well- 
defined intermittency. For cer¬ 
tain kinds of laboratory work, 
however, the latter might recom¬ 
mend themselves. 

The apparatus consists of two 
concentric glass tubes, B and E, 
about 6 feet long, one of which 
slides within the other, the 
annular space between them 
being about 1 mm. The inner 
tube, about 1 inch in internal 
diameter, is sufficiently heavy to 
resist the upward-moving ten¬ 
dency produced by the develop¬ 
ing hydrostatic pressure. The 
siphon tube, the length of which 
can be varied by means of 
rubber tubing, should be of the 
greatest possible diameter con¬ 
sistent with rapid and efficient siphonage, and be placed at a suitable 
height above the working bench. * The inflowing water, preferably 
under a constant pressure head, requires careful regulation at the 
commencement. The diameter of the upper portions of the U-tube, 
C 9 containing the oscillating mercury is 2 inches. The valves are 
of the ordinary mercury seal type. With this apparatus, a constant 


l|;;,li»eubtaon of at least 50 c.c. of gas per minute is obtainable.— 
• OoXtLiiGE, Htjddershelb. {Received, December 28 
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LXV .—A Comparison of Some of the Physical Properties 
of the Alkali Cyanates and Azides . 

By John Arnold Cranston and Alexander Yotjng 
Livingstone. 


According to modern ideas of the structure of atoms, the chemical 
and physical properties of elements depend on the number and 
arrangement of the outer electrons of the atom of the element. 

The cyanate and azide ions have the same number of external 
electrons in their alkali salts, and it is possible that these electrons 
are arranged in the same way. According to the older views of 
valency, however, it was more common to find a ring structure 
assigned to azides and a straight-chain structure to cyanates. 
The constitutional formulae were thus represented as 

Na—N<it and Na—0—COST. 

The appearance of these formulae does not suggest any close 
resemblance between the physical properties of the compounds. 
The formulae suggested by the octet theory for these compounds 
are 


Ja* 




_/ 


7 


N 


N 


JL 


A 



Z 1 

A 


and Na* 



—^ 

- z 



n 

N 


c 

_ 

0 

IZ u 



A 


and their great similarity suggests a close resemblance of the 
physical properties of these two salts. As far as previously pub¬ 
lished data go, the evidence favours the formulae of the octet theory, 
and it was the object of this investigation to supplement the data, 
which were rather meagre. 

Preparation of Salts. —The following salts were prepared and 
purified according to the recognised text-book methods : Potassium 
cyanate, potassium azide; sodium cyanate, sodium azide. 

Investigation of Physical Properties .—1. Densities of solutions . 
Since comparative, rather than absolute, values for the data for 
the various physical properties were aimed at, great care was taken 
to carry out all measurements for the cyanates and azides under 
uniform conditions. 

A pyknometer of about 17 c.c. capacity was used for the deter¬ 
mination of the densities of the solutions that were made up. 
Cyanates are decomposed by water, but the rate of decomposition 

s 
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is. greatly reduced in presence of alcohol. The solvent employed 
for the various dilutions was accordingly a mixture of about equal 
volumes of alcohol and water. All measurements were carried 
out after the pyknometer cont ainin g the solutions had been 
immersed in a thermostat at 16° for 20 minutes. The results are in 
Table I. 

2. The refractive indices of the various solutions were determined 
by the Abb6 refractometer at the same temperature at which their 
densities had been observed. The results are also in Table I. 


Table I. 

Density. Refractive index. Density. Refractive index. 


Strength 

r - 

s 


-*■- s 

^ 

--, 

NaN 3 

-A-- 

of 

kn 3 

KCNO 

kn 3 

KCNO 

NaN s 

NaCNO 

NaCNO 

soln. 

soln. 

soln. 

soln. 

soln. 

soln. 

soln. 

soln. 

soln. 

N 

.. . 

_ 

_ 

_ 

0*979 

0*978 

1*371 

1*374 

Nj2 

0*956 

0*956 

1*362 

1*362 

0*954 

0*954 

1*362 

1*364 

NJ4: 

0*948 

0*948 

1*360 

1*360 

0*946 

0*946 

1*359 

1*360 

2V/8 

0*941 

0*941 

1*359 

1*359 

0*941 

0*941 

1*351 

1*352 

IV/16 

0*938 

0*938 

1*357 

1*358 

— 

— 

— 

— 


3. The densities of the crystalline salts were determined by immers¬ 
ing a weighed quantity, about 5 g., in benzene contained in an 
ordinary specific gravity bottle. Previous experiment had shown 
that the solubility of these salts in benzene at room temperature is 
less than 0*1 g. in 100 c.c. Too great reliance cannot be placed 
on the value obtained for sodium cyanate, owing to the instability 
of this salt ; although different determinations gave consistent 
values, there was always a detectable quantity of carbonate formed 
during the measurements. The mean values obtained were as 
follows: 

Table II. 

KN S . KCNO. NaN 3 . NaCNO. 

Density at 20° . 2*056 2*056 1*846 1*937 

4. Determination of solubilities . The solubilities of these salts 
in alcohol (d 17 * 0*799) were determined at 0° and at the boiling point 
of the saturated solution. Definite volumes of the solutions were 
withdrawn by means of a pipette, and the solutions weighed. 
The cyanates were estimated volumetrically by the method sug¬ 
gested by Masson (Chem. News, 1906, 90, 5, 17), the azides by the 
method suggested by Rasehig (Chem. Ztg ., 1908, 1203). 

\ SolubiHti^ were also measured in 20% water and 80% alcohol 
at 0° and at the boiling point of the saturated solution, and as well 
asm benzene at the boili n g point. 
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Table III. 

Weight dissolved in 100 g. of solvent. 


Solvent. KN 3 . KCNO. NaN 3 . NaCNO. 

Alcohol at 0°. 0*16 0-16 0*22 0*22 

Alcohol at b.p. 0-54 0-53 0-46 0*52 

ISwater Ol } at0 ° . 1 ‘ 8 M 

„ at b.p. 5-9 6*2 — — 

Benzene at b. p. 0*15 0*18 0*10 0*13 


5. Conductivity of solutions. A preliminary attempt to determine 
the hydrion concentration of a solution of an alkali azide by the 
electrometric method showed that the salt is decomposed by water 
in presence of platinum black. This decomposition is very rapid 
when hydrogen is present occluded in the platinum. Nitrogen and 
ammonia are liberated, and the solution becomes progressively 
more alkaline. Apparently the reaction is as follows: 3KN S + 
3H 2 0 = 3KOH + 4N 2 + NH 3 . 

Since cyanates are also decomposed by water, the solvent used 
in the conductivity measurements was methyl alcohol (d 30 * 0-789), 
The following results were obtained. 

Table IV. 


Strength 

of 

solution. 


Equivalent conductivity at 25°. 


NaN 3 . 

NaCNO. 

kn 3 . 

KCNO. 

#/10 

58*7 

58*3 

62*8 

60*3 

N/20 

69*0 

68*0 

68-0 

68*6 

N/40 

78*8 

75*6 

77-2 

77*6 

Nj80 

90-4 

88*0 

88*8 

88*8 


The investigations of Carrara (Gazzetta, 1896, 26, i, 134) have 
shown that the ionic conductivities of sodium and potassium are 
approximately equal in methyl alcohol. 

Discussion of Results . 

It will be seen from the above tables that all the physical prop¬ 
erties investigated have shown the great resemblance between 
sodium azide and sodium cyanate on the one hand and potassium 
azide and potassium cyanate on the other. This, taken in con¬ 
junction with the similarity of crystal structure noted by Langmuir 
(J. Amer. Chem. Soc., 1919, 41, 1543), is strong evidence that the 
arrangement of electrons and atoms in the cyanate and azide ions 
is the same. . 

Boyal Technical Coliege, Glasgow. [Received, October 31st, 1925.] 
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LXVL —Studies on the Dependence of Optical Rotatory 
Power on Chemical Constitution. Part VI. 
Rotatory Powers of Phenyl , o, m, ip-Tolyl and 
fi-Naphthyl Derivatives of d-Camphorimide and 
d-Camphoramic Acid . 

By Bawa Kartar Singh and Amar Nath Puri. 

The rotatory powers of a number of aryl derivatives of d-camphor- 
imide and d-camphoramic acid in three solvents at different concen¬ 
trations have been studied with the object of finding some relation 
between their optical activity and chemical constitution, and the 
following conclusions drawn : 

1. Substitution of an aryl group for the imido-hydrogen atom 
increases the rotatory power, and more so than does substitution 
of the benzyl group (Singh and Biswas, J., 1924,125,1895). 

2. The influence of the solvent on the rotatory power is con¬ 
siderable in the case of derivatives of d-camphoramic acid, but it is 
small in the case of those of d-eamphorimide. 

The order of the dielectric constants of the solvents employed is 
methyl alcohol (32*5) > ethyl alcohol (26*0) > acetone (21*2). 
In most cases (see Tables I and II), the order of the rotatory powers 
in these solvents is methyl alcohol > ethyl alcohol > acetone. 
It thus appears that in the case of these solvents the order of the 
rotatory powers generally runs parallel to their dielectric constants, 
although there is no direct proportionality between them. 

3. The relative magnitude of the rotatory powers of phenyl and 
tolyl derivatives of d-camphorimide and d-camphoramic acid varies 
with the nature of the solvent and the concentration of the solution, 
as is seen in Tables I and EL 


Table I. 


m. 


Derivatives of 
d-camphoramic 
acid. 


2% Solution. 


1% Solution. 

EtOlE 

MeOH. Me.CO. 

EtOH. 

MeOH. 

~Me^CO. 

Phenyl 

-{-131° 

+ 150° 

4-101° 

+ 133° 

+ 152° 

+ 101° 

o-Tolyl 

144 

146 

98 

158 

151 

91 

m-Tolyl 

118 

140 

89 

122 

147 

92 

p-Tolyl 

144 

167 

120 

146 

170 

122 

p>un.>m; 

p>un.>o>?»; 

2 »un.>o>wi; o>p>vn.>m; 

p>un.,o 



and m; 

p>un.>m and o. 



Bor none of these derivatives do Frankland’s and Cohen’s rules 
hold. 
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Table II. 

Md- 

1*5% Solution. 0*75% Solution. 


Derivatives of 

- 

-- 

- ^ 

EtOH. 

-- 

-^ 

2-camphorimide. 

EtOH. 

MeOH. 

Me 3 CO. 

MeOH. 

Me a CO. 

Phenyl 

-f 48° 

+49° 

+ 44 0 

+ 48° 

+ 52° 

+ 48° 

o-Tolyl 

45 

46 

36 

53 

56 

43 

m-Tolyl 

48 

48 

50 

55 

53 

37 

p-Tolyl 

46 

52 

54 

42 

48 

49 


In the case of the derivatives of d-camphorimide, the differences 
in the rotatory powers of the position isomerides are in many cases 
so small, and within the limits of experimental error, that it is not 
permissible to draw any general conclusions. 

The variation of the optical rotatory power with concentration 
was more fully investigated in the case of d-camphor-p-tolylamie 
acid in ethyl and methyl alcohols for concentrations varying from 
1 to 10%. In both solvents the rotatory power decreases as the 
concentration increases. This may be due to the decrease in the 
number of optically active molecules in more concentrated solutions 
owing to molecular association. 

4. The rotatory power of a cyclic compound is usually considerably 
greater than that of the corresponding open-chain derivative. 
Thus the rotatory powers of esters of 1 -methyl-3-c?/cZopentanone- 
4-carboxylic acid are about thirty times as great as those of the 
corresponding esters of methyladipic acid (Haller, Compt. rend., 
1905, 140, 1205), and the hexahydrophthalic acids have much 
lower rotatory powers than their anhydrides (Werner, Ber., 1899, 
32, 3046). This rule is more strikingly borne out in the case of 
derivatives of monosaccharides. The rotatory power of ^-mannitol 
is [a$f = — 0-2° (Fischer, Ber 1890, 23, 3684), whereas that of 
d-mannonolactone is +53*8° (Fischer, Ber., 1889, 22, 3219). The 
high rotatory power of most of the sugars as compared with the 
corresponding polyhydric alcohols is a proof of the ring structure 
of the former. The increase which is brought about in the rotatory 
power of sugar alcohols by boric acid is attributed to the formation 
of ring complexes. Camphoramic acids and their anhydrides form 
an exception to the rule, the acids having [Jf] D 89*45° (a), 119*4° (p) 
in ethyl alcohol, whilst the anhydride has [Jf] D 10*99°. It was 
pointed out (J., 1924, 125, 1895) that opening the rings of d-cam- 
phorimide and its derivatives increases the rotation considerably; e.g. 
the following are values of [df] D in ethyl alcohol: eamphorbenzyl- 
imide 30*19°, eamphorbenzylamie acid 99*88°, camphor-m-nitro- 
benzylimide 31*92°, camphor-3-nitrobenzylamic acid 106*7°. The 
differences in the molecular rotatory powers of the aryl derivatives 
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of eZ-camphorimide and d-camphoramic acid are of the 5amd - or der 
as of the foregoing substances, except in the case of P‘ n f[phth.yl 
derivatives, for which the difference is much greater; e.g., the^ | 0 y 0 ^r. 
ing are values of [JLf] D in ethyl alcohol: camphor-(Bmaphthi y^de 
60°, d-camphor-P-naphthylamic acid 229°. From the foregoing 1 
instances it may be concluded that when an open-chain, opth^ a yy 
active compound is transformed into a ring compound, there a / 

marked change (not necessarily an increase) in the rotatory power. 

-n. 1 

Experimental, 

Aryl Derivatives of d- CampJioramic Acid. — d-CampJiorpJienylamic 
acid , C0 2 H*C 8 H 14 *C0*NHPh, was prepared by heating camphoric 
anhydride and aniline in molecular proportions in chloroform on the 
water-bath for 4—5 hours. The solid obtained on cooling crystal¬ 
lised from aqueous alcohol in needles, m. p. 209—210°. Auwers and 
Schleicher (Annalen, 1899, 309, 341) give m. p. 203—204°. 

d-Camphor-p4olylamic acid, C0 2 H*C 8 H 14 *C0*]SrH*C 7 H 7 , was pre¬ 
pared like the foregoing substance as leaflets, m. p. 214—215°. 
Wootton (J., 1910, 97, 405), who obtained it by heating an intimate 
mixture of camphoric anhydride and the substituted amine for a few 
minutes at 150—180°, gives the melting point 212—214°, whereas 
Abati and Notaris ( Gazzetta , 1909,39, ii, 219) give 201—209°. 

d-Camphor-m4olylamic acid was prepared by Wootton’s method 
(loc. cit.) and purified by dissolving it in alcohol and adding animal 
charcoal. It was recrystallised as needles, m. p. 208—209°. 

d-Camphor-o-tolylamic acid, prepared in the foregoing way, 
melted at 196—197°. 

d-Camphor-^-naphthylamic acid , CO 2 H-C 8 H 14 ‘CO*ISrH*O 10 H 7 , was 
prepared by both methods as white leaflets, m. p. 212—213°. The 
yield was, however, better when the condensation was carried out 
without any solvent. 

TS-Aryl Derivatives of d-Camphorimide. —These compounds were 
prepared by heating camphoric anhydride and the substituted 
amines in molecular proportions with the addition of a little anhydrous 
sodium sulphate in an oil-bath (215—230°) for 2 to 3 hours. The 
products of condensation were extracted with alcohol, decolorised 
by animal charcoal, and precipitated by adding water. They were 
twice recrystallised from aqueous alcohol, and gave the following 
melting points: phenyl, 117—118°; o-tolyl, 105—106°; m-tolyl, 
121—122°; p-tolyi, 127—128°; [3-naphthyl, 171—172°. 

The tolyl and (3-naphthyl derivatives of camphorimide were 
prepared by Wootton {loc. cit.) by boiling a solution of the corre¬ 
sponding A-substituted d-eamphoramic acid in glacial acetic acid 
"#W^oetyl chloride for 2 hours. Wootton gives the melting point 
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Table III. 


Cone. Cone. 



(g./100 

Temp. 



(ft-/100 




Solvent. 

, C.C.). 

a D . 

m,- 

o.c.). 

Temp. 




d - Camphorpheny lamic 

i acid. 

d-Camphorphenylimide. 

EtOH 

0*5265 

26° 

+ 051° 

+ 133° 

0*7693 

18° 

+0*29° 

+48° 

9f 

1*0516 

27 

100 

131 

1*4950 

19 

0*56 

48 

MeOH 

1*0025 

22 

Ml 

152 

0*7447 

18 

0*30 

52 


2*0030 

22 

2* 19 

150 

1*4765 

17 

0*56 

49 

Me t CO 

0*9775 

- 23 

0*72 

101 

0*7457 

17 

0*28 

48 

99 

2*0230 

24 

1*47 

100 

1*4755 

18 

0*50 

44 


d-Camphor-o-tolylamic 

i acid. 

d- Camphor- 

-o-tolylimide. 

EtOH 

1*0155 

26 

1*11 

158 

0*7618 

18 

0*30 

53 

99 

2*0345 

24 

2*03 

144 

1*4925 

19 

0*49 

45 

MeOH 

1*0140 

22 

1*06 

151 

0*6807 

17 

0*28 

56 

99 

1*9995 

22 

2*02 

146 

1*1772 

18 

0*40 

46 

Me a CO 

0*9099 

22 

0*57 

91 

0*6607 

17 

0*21 

43 

99 

2*0701 

23 

1*40 

98 

1*4585 

17 

0*39 

36 


d-Camphor-m- 

fcolylamic acid. 

d-Camphor- 

m-tolylimide. 

EtOH 

1*0210 

23 

0*86 

122 

0*7678 

18 

0*31 

55 

99 

1*9710 

25 

1*61 

118 

1*5135 

19 

0*53 

48 

MeOH 

1*0130 

22 

1*03 

147 

0*7187 

17 

0*28 

53 

99 

1*7292 

22 

1*68 

140 

1*4374 

18 

0*51 

48 

Me a CO 

1*0325 

22 

0*66 

92 

0*5906 

17 

0*16 

37 

99 

2*0340 

23 

1*25 

89 

1*4565 

18 

0*54 

50 


d-Camphor-p-tolylamio acid. 

d-Camphor- 

p-tolylimide. 

EtOH 

0*9970 

27 

1*01 

146 

1*0030 

23 

0*31 

42 

99 

1*9965 

27 

1*99 

144 

2*0070 

24 

0*68 

46 

99 

2*8994 

17 

2*91 

145 





99 

4*0040 

17 

3*92 

142 





99 

5*0140 

17 

4*86 

140 





99 

6*9710 

18 

5* 70 

138 





99 

7*0395 

18 

6*58 

135 





99 

8*0981 

17 

7*50 

134 





99 

9*0550 

18 

8*16 

130 





99 

10*0560 

18 

8*95 

129 





MeOH 

1*0035 

22 

1*18 

170 

0*7673 

18 

0*27 

48 

99 

2*0070 

22 

2*32 

167 

1*4580 

17 

0*56 

52 

99 

3*0130 

18 

3*40 

163 





99 

4*0100 

19 

4*49 

162 





99 

6*0671 

17 

5*26 

150 





99 

10*0360 

17 

10*10 

145 





Me a CO 

0*9510 

24 

0*80 

122 

0*7708 

18 

0*28 

49 

99 

2*0250 

22 

1*68 

120 

1*4700 

18 

0*59 

54 


d-Camphor-£-naphthylamic acid. 

d - Camphor -/?-naphthylimide. 

EtOH 

1*1505 

14 

1*62 

229 

0*9130 

13 

0-37 

60 

MeOH 

1*0180 

14 

1*54 

246 

0*5100 

15 

0-21 

61 

Me 2 CO 

1*0530 

15 

1*38 

213 

0*8520 

15 

0-32 

56 


for the o-tolyl derivative 195—196°, which is obviously wrong. We 
also prepared this substance by his method and found the melting 
point 105—106°. 

Before their rotatory powers were determined, the compounds 
were recrystallised three times in order to ensure their “ optical ” 
purity. Wootton has recorded the rotatory powers of these sub- 
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stances in acetone; his exact concentrations are not stated. In the 
case of derivatives of camphoramie acid, his values agree with ours, 
except in the case of the ^-tolyl derivative, his value (107°) being 
lower than ours (120° to 122°, according to concentration). In the 
case of the #-tolyl derivative of d-eamphorimide, his value ([a] D 34°) 
is again lower than ours (49° to 54°, according to concentration). 

The rotatory powers recorded in Table HI were determined by 
dissolving a given weight of the substance in a solvent, and making 
up the solution to a definite volume. The readings were taken in a 
2-dcm. tube within 45 minutes of making up the solution. There 
was no mutarotation. 

The rotatory powers and dispersion ratios of camphorbenzylamic 
acid and d-camphor-m-nitrobenzylamic acid (higher-melting form) 
were omitted from Part V of this series (be. tit.). They are given 
below for the sake of completeness. 


Cone. Molecular rotatory Dispersion 

(g./lOO powers. ratios. 


Solvent. c.c.). Temp. [M] 5893 . [Af] 5780 - Msisi* a M81 /a 589S . 

cZ-Camphorbenzylamic acid. 

Chloroform . 1-6193 23° +92° +95° +108° 1*18 

Acetone. 1-9143 25 97 98 111 1*15 

Ether. M590 21 89 92 107 1-21 

Ethyl alcohol . 3*3400 22 100 107 120 1-25 

Methyl alcohol ... 1*2249 23 93 98 115 1*23 

d-Camphor-w-nitrobenzylamie acid, m. p. 179°. 

Chloroform . 2-0485 23 80 83 94 1*18 

Acetone. 2*0676 25 95 97 111 M3 

Ethyl alcohol . 2*8900 22 107 116 140 1*29 

Methyl alcohol ... 1*5784 23 109 112 127 1-16 


We wish to thank Mr. Sher Singh, B.Sc., for determining the 
rotatory powers of the (3-naphthyl derivatives. 

Ravenshaw College, Cuttack, 

Bihar and Orissa, India. \Received, October 24th, 1925.] 


LXVH .—Conditions of Formation of Rings Attacked to 
the o-, m-, and p -Positions of the Benzene Nucleus. 
Part II. The Reduction of m- and p- Phenylene- 
diacetonitrile. 

By Alan Francis Titley. 

In the course of some -work on ring formation, the scope of which is 
outlined in Part I of this series (J., 1922,121, 1562), and a further 
account of which will he published shortly, it was found desirable 
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to repeat some investigations recently carried out by von Braun 
and his collaborators. 

While attempting to prepare m-phenylene - p (3'-diet hylamine by 
the reduction of ra-phenylenediacetonitrile with sodium and alcohol, 
von Braun, Karpf, and Garn (Ber., 1920, 53, 98) claimed to have 
isolated a secondary amine of the composition C 10 H 13 N, to which 
they assigned the structure (I), where the heterocyclic ring is joined 
to the benzene nucleus in the meta-position. From this amine, by 
thermal decomposition of the quaternary dimethylammonium 
hydroxide with loss of dimethylamine and water, they stated that 
they obtained an unsaturated hydrocarbon and, by further reduc¬ 
tion, a saturated hydrocarbon, to which they assigned the structures 
(II) and (III), respectively. 



(I.) (n.) 



(IH.) 


More recently, von Braun and Engel (Ber., 1925, 58, 281) have 
described a homologue of this type, obtained in a similar manner 
by reducing 5-methyl-l : 3-phenylenediacetonitrile. 


CH 2 -CN 


/\ 

Mel^CH 2 -CN 



The remarkable ease with which examples of this meta-ring 
system, generally supposed to be incapable of existence, are formed, 
together with their close structural relationship to the products it 
was hoped to obtain by the action of sodium on m-phenylene- 
diacetic ester (Part I, loc. cit .), rendered a re-examination of iixw 
work desirable. It was not found possible, however, to confirm 
the results of von Braun and his co-workers and, in the present 
paper, evidence is brought forward to show that the amine (I) 
described by von Braun, Karpf, and Garn (loc. cit.) is in reality 
(3-m-tolylethylamine (VII), and the unsaturated hydrocarbon derived 
from it m-methylstyrene (IX).* 

The reduction of m-phenylenediacetonitrile, when carried out 
in accordance with the directions of these authors and using the 
same quantities and conditions, led to the formation of a mix ture 


* The proof of this paper was sent to Professor von Braun, and he wishes 
me to say that he has been engaged for some time in repeating the researches 
in question and has arrived at results which are identical with those contained 
in the present communication.—W. H. Perkin. 

S* 
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of products, basic and non-basic. The non-basic substances were 
removed, together with the excess of alcohol, by steam-distillation 
of the acidified reaction mixture. These proved to be m-tolyl- 
acetonitrile (IV), which was identified by conversion into the beauti¬ 
fully crystalline amide, m. p. 141° (compare Badziszewski and 
Wispek, Ber., 1885 ,18, 1281), m-xylene (V), identified by b. p. and 
analysis, and a little unchanged m-phenylenediacetonitrile. Consider¬ 
able quantities of free hydrocyanic acid could also be detected. 

The basic products, after liberation from the acid solution by 
excess of sodium hydroxide, proved to be a mixture of m-phenylene- 
pp'-diethylamine (VI), b. p. 162°/18 mm., formed in accordance with 
the observation of von Braun in a 10—15% yield, and a monoamine 
of b. p. 97—98°/15 mm., obtained in about 40% yield, which 
appeared to be identical with the substance C 10 H 13 N described by 
von Braun as a secondary amine. 

This monoamine gave a hydrochloride, which crystallised in 
large, glistening leaflets of m. p. 160°, a sulphur-yellow picrate, 
m. p. 174°, a benzoyl derivative, m. p. 72°, a phenylthiocarbamide, 
m. p. 86—87°, a platinum salt which, after blackening between 
230° and 240°, melted with vigorous decomposition at 246°, and 
a quaternary methiodide, m. p. 237°. (The substance described 
by von Braun as a secondary amine had in almost every respect the 
same properties, viz., b. p. 97—98°/16 mm., the hydrochloride, m. p. 
160°, the picrate, m. p. 176°, the benzoyl derivative, m. p. 72°, the 
phenylthiocarbamide, m. p. 87°, the platinum salt, m. p. 232°, and 
the quaternary methiodide, m. p. 236°.) 

The amine, however, prepared in this way, did not give analytical 
results corresponding to the composition C 10 H 13 ]Sr, but invariably 
showed a higher hydrogen content. It was at first thought that it 
had the composition C 10 H 15 N, but careful analyses of several 
samples, including one prepared from the recrystallised hydro- 
dhloride, clearly suggested the composition C 9 H 13 ISL 

On treating a solution of the base in dilute hydrochloric acid with 
sodium nitrite, a brisk evolution of nitrogen occurred and a pale 
.yellow oil separated. This oil, which had a characteristic pungent 
swad rather sweet odour, dissolved readily in ether and, after shaking 
'with dilute sodium carbonate to remove nitrous acid, gave no 
■response to the Iiebermann test. 

In view of these results and the nature of the non-basic products 
f'of the reaction, it seems quite clear that the normal reduction of 
; e^phenyleiiediacetonitrile to the diamine (VI) is largely accompanied 
||fe the conversion of first one and then the other -CH a *CN group 
groups, the intermediate stage being itself reduced to a 
-.The process is best made clear by the following scheme: 
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-CH,-CN 
'CE 

4 


C 6 H 4<CHa*CN 


(IV.) 


4 


<*> °A<!§ 


<VX) CA<g^.^ (too 0^ 1 <§^. CHt . NHj 


The monoamine described above, although evidently identical, 
except in its behaviour towards nitrous acid, with the monoamine 
(I) of von Braun, is in reality ft-m-tolylethylamine (VII). 

In order to establish the identity of the monoamine beyond 
question, p-m-tolylethylamine was prepared by the reduction of 
ra-tolylacetonitrile (IV) with sodium and alcohol. Using approxi¬ 
mately twice the theoretical quantity of reducing agent, a yield of 
about 50% of p-m-tolylethylamine was obtained, practically the 
whole of the rest of the nitrile being reduced to ra-xylene. 

The amine had b. p. 216°/762 mm. and 98°/15 mm. and gave a 
hydrochloride, m. p. 160°, and a picrate, m. p. .174°, in accordance 
with the observations of Sommer (. Ber ., 1900, 33, 1079). 

The benzoyl compound, phenylthiocarbamide, and quaternary 
methiodide also had the same melting points as the corresponding 
compounds, prepared from the specimen of monoamine which had 
been obtained by reducing m-phenylenediacetonitrile. There 
was no depression of the m. p. on mixing samples of these derivatives. 

This reduction of the ~CH 2 -CN group to ~CH 3 , although appar¬ 
ently of rare occurrence, is not unknown, and a few instances are 
recorded in the literature—for example, the reduction of cyano- 
methylbenziminazole to methylbenziminazole with sodium and 
alcohol (Bloch, J. Soc . Chem . Ind ., 1919, 38,118). 

P-m-Tolylethylamine combines readily with piperonal, the 
condensation product crystallising well and melting at 53—54°. 
After being heated in a sealed tube with a slight excess of methyl 
iodide and then decomposed with aqueous alcohol, the latter yields 
P-m 4olyUthylmethylamine hydriodide, m. p. 104°, from which the 
free base (VIII) was obtained, b. p. 88°/12 mm. 

This base was prepared because of the very definite statement 
made by von Braun regarding the secondary nature of his mono¬ 
amine. It was thought possible that interaction might occur 
between p-m-tolylethylamine and methylamine, formed by reduction 
of the free hydrocyanic acid present during the reaction, with the 
formation of p-w-tolylethylmethylamine (VIII), and that this 
secondary amine (C 10 H 15 N), in itself and in its derivatives, might 
closely resemble the primary amine (C 9 H 13 N). 

NHaMe 

O e H 4 Me-CH 2 -CH 2 -NH 2 -■> C e H 4 Me*CH 2 *CH 2 -NHMe + NH S . 

(VIII.) 
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This, however, was not found to be the case, since the secondary 
amine gave a hydrochloride extremely soluble in alcohol and most 
other solvents, which, when crystallised from chloroform-ligroin, 
had in. p. 134°. The picrate had m. p. 127°, whilst the benzoyl 
compound was an oil which could not be induced to crystallise. 

No evidence of the formation of any secondary amine by the 
reduction of m-phenylenediacetonitrile was forthcoming, and since 
the properties of p-m-tolylethylamine and its derivatives agree in 
almost every respect with those of the monoamine described by von 
Braun, there seems little doubt that the two are identical. 

As previously mentioned, von Braun, Karpf, and Garn found that 
the quaternary ammonium hydroxide of their base, on distillation, 
lost dlmethylamine and water with the formation of an unsaturated 
hydrocarbon, C 10 H 10 (II), which had b. p. 62—63°/I8 mm. and 
added two atoms of bromine with the formation of a dibromide, 
m. p. 48°. 

It was found that the quaternary methiodide of P-m-tolylethyl- 
amine, on boiling with methyl-alcoholic potash, lost trimethylamine 
(identified by means of the picrate and platinum salt), with the 
formation of m-methylstyrene (IX), b. p. 62°/18 mm., which by the 
addition of two atoms of bromine gave the corresponding dibromide 
(X), m. p. 47° (Muller, Ber ., 1887, 20,1216, found m. p. 45°). 

C 6 H 4 Me*CH 2 *CH 2 *NMe 3 ,HI —> (IX.) C 6 H 4 Me-CH:CH 2 —> 

(X.) C 6 H 4 Me-CHBrCH 2 Br. 

The hydrocarbon described by von Braun is stated to have an 
abnormally low density (d 19 * 0*900) as compared with e< the isomeric 
hydrocarbons 3-methylindene (d 0*968) and A 1 -dihydronaphthalene 
(d 0*997)/’ whilst it resembled a styrene in polymerising under the 
action of light. The density of m-methylstyrene was found to be 
0*906 at 16° and its tendency to polymerise has been noted by 
previous workers (Muller, loo . tit.). 

The saturated hydrocarbon (EH) prepared by von Braun had the 
low density d 1 *' 3 * 0*852 as compared with 1 -methylhydrindene 
(d 0*966) and 1:2:3:4-tetrahydronaphthalene (d 0*968), whilst 
the refractive index was Tig* — 1*497. 

The reduction of m-methylstyrene to m-tolylethane was not 
investigated, but it may be noted that the density of the latter is 
recorded by Wroblewski {Annalen, 1878, 192,198) as 0*869 at 20°. 
The refractive index of m-tolylethane has not apparently been 
measured, but that of the isomeric p-tolylethane is stated to have 
the value rig -= 1494 (Klages and Keil, Ber., 1903, 36,1637). 
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Reduction of p - Phenylenediacetonitrile . 

The reduction of ^-phenylenediacetonitrile with sodium and 
alcohol was also investigated. In this case, the “CH 2 'CN groups are 
reduced to methyl groups even more readily than those in the 
ra-isomeride, a yield of about 50% of (3-^-tolylethylamine being 
obtained. The rest of the nitrile was almost wholly reduced to 
p-xylene, whilst no appreciable quantity of #-phenylene-pp'-diethyl- 
amine was formed. 

The identity of the monoamine was again established by reducing 
p-tolylacetonitrile, which yielded the same product. 

fi-ff-Tolylethylamine has b. p. 94—95°/13 mm. and absorbs 
carbon dioxide rapidly from the air. It forms a sparingly soluble 
hydrochloride, m. p. 216° (compare Ciesielski, Anzeiger AJcad . Wiss. 
Krakau , 1906, 270; Centr., 1907, I, 1793). On treatment with 
nitrous acid, it passes into an alcohol, which has the same charac¬ 
teristic sweet odour as that derived from P-m-tolylethylamine. This 
$-p-tolylethyl alcohol boils at 112°/12 mm. and combines with 
£>-nitrobenzoyl chloride, yielding an ester which crystallises well and 
melts at 91°. 

The amine forms a picrate , m. p. 155°, a platinum salt, m. p. 234°, 
a benzoyl derivative, m, p. 89°, and a quaternary methiodide , m, p. 
244°. With piperonal, it forms a beautifully crystalline condens¬ 
ation product, m. p. 107°, which, by treatment with methyl iodide in 
the manner already described, is converted into $-p-tolylethyl- 
methylamine hydriodide , m. p. 149°. The free base obtained from 
this had b. p. 96°/12 mm. and yielded a readily soluble hydro¬ 
chloride, m. p. 191°, a picrate, m. p. 135°, and an oily benzoyl 
compound. 

The quaternary methiodide of the base, on boiling with methyl- 
alcoholic potash, was converted into ^-methylstyrene, b. p. 59— 
60°/12 mm., which yielded a dibromide, m. p. 45—46° (compare 
IOages and Keil, loo. cit.). 

No evidence of any ring formation was obtained during these 
experiments. 

Experimental. 

toto'-Dibmmo-m-xylene. —The bromination of m-xylene to the 
oo>'-dibromo-compound was studied under various conditions, but 
the best results were obtained by following the directions of Atkinson 
and Thorpe (J., 1907, 91, 1696). In this method, m-xylene is 
treated with rather more than the theoretical quantity of bromine 
required for monobromination, and the mixture of mono- and 
di-bromoxylenes separated by fractional distillation. 

m-Xylene (200 g.) was treated at 130°, under reflux, with dry 



514 TITLEY : CONDITIONS OB’ FORMATION OF RINGS ATTACHED TO 

bromine (405 g.) during about 6 hours. The product was freed from 
hydrogen bromide by 2 days 5 standing over solid caustic soda in a 
vacuum desiccator. The bulk of the monobromoxylene passed 
over at 110—115°/20 mm., and when the temperature reached 125° 
the distillation was stopped and the residue in the flask, which 
solidified almost completely on cooling, was broken up on a Buchner 
funnel, washed with a little low-boiling ligroin, and recrystallised 
from acetone. Large, colourless prisms, m. p. 76°, were obtained. 
The yield of dibromo-eompound is about 35%. 

The ca-monobromoxylene was refractionated through a column, 
and the fraction 100—101°/14 mm. collected and used for the 
preparation of m-tolylacetonitrile (see later). The yield of mono- 
bromide is about 45% (Bound : Br, 43*0. Calc., Br, 43*2%). 

<&to f -Dibromo-'p-xylene .—The bromination of p-xylene was carried 
out in the same manner as the above, using a quantity of bromine 
equal to twice the weight of the 39 -xylene taken. The reaction pro¬ 
duct solidified completely, and after pressing on a porous plate was 
extracted with ligroin (b. p. 40—50°) in a Soxhlet apparatus, which 
dissolved all the monobromide. The crude dibromo-eompound 
crystallised from a small volume of warm chloroform in compact 
clusters of prisms, m. p. 143—144°. 

The monobromo-compound, obtained by evaporation of the 
ligroin extract, after another crystallisation from the same solvent, 
separated in very long, colourless needles, m. p. 35 * 5 °. 

m-Phenylenediacetoniirile .—The conversion of the dibromoxylenes 
into the corresponding nitriles is usually attended by side-reactions 
leading to the formation of oily or amorphous by-products. These 
effects are minimised if the reaction is carried out as rapidly as 
possible, and the following method was found, in the case of 
dibromo-m-xylene, to give practically quantitative results. 

A boiling solution of potassium cyanide (50 g.) in water (110 g.) 
and ethyl alcohol (350 c.c.) is rapidly stirred mechanically while 
finely powdered dibromo-m-xylene (88 g.) is added as rapidly as the 
violence of the reaction will permit. The hot solution is filtered at 
once from traces of brown, amorphous material. A litre of 
water is then added and the nitrile extracted with ether, dried, 
and distilled. The nitrile boiled at 230—231°/20 mm. and 
solidified, on cooling, to a snow-like mass of needles, m. m 27° 
Yield, 47 g. V 

m-Tdylacetonitrile. —Monobromo-m-xylene (128 g.) was treated 
with potassium cyanide (49 g.) dissolved in a mixture of water 
(120 g.) and alcohol (400 c.c.) in exactly the same manner as the 
above. The nitrile (yield about 85%) boiled at 245—247°/745 mm. 
with slight decomposition (compare Radziszewski and Wispek, 
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loc. cit .) and was better distilled under reduced pressure; it then had 
b. p. 133°/15 mm. 

Q-Phenylenediacetonitrile. —The nitrile was prepared in the same 
manner as the meta-isomeride, the same quantities and conditions 
being used. The maximum possible yield, however, seems to be 
about 70%. The remainder of the bromo-derivative is converted 
into a bright yellow, infusible, amorphous, highly insoluble product, 
which does not appear to contain any nitrogen or halogen and was 
not further investigated. The nitrile separates from alcohol in 
colourless prisms, m. p. 96°. 

p- Tolylacetonitrile. —This nitrile was obtained from monobromo- 
^-xylene by the usual method. It was found necessary in this case 
to boil the reaction mixture for a short time to complete the con¬ 
version. The nitrile has b. p. 135°/14 mm. and solidifies in ice to a 
white mass which melts at 17°. 

Reduction of m-Phenyleriediacetomtrile. —Sodium (36*8 g.) in the 
form of small chips was placed in a 3-litre flask, closed with a cork 
through which passed an air condenser about 4 feet in length and 11- 
inches in diameter. This was itself fitted at the top with a water- 
condenser. (In some experiments, the sodium was previously 
granulated under toluene, but this did not appear to affect the yield 
materially.) 

A nearly boiling solution of m-phenylenediacetonitrile (14*6 g.) 
in absolute alcohol (550 g.) was then rapidly added. When the 
extremely violent reaction had subsided, a solution of 90 g, of 
concentrated sulphuric acid in 300 c.c. of water was added and the 
mixture distilled in steam. The acid solution was filtered from 
traces of a brown, sticky by-product, and, if necessary, extracted 
with ether. It was then rendered alkaline with caustic soda (30 g.) 
and thoroughly extracted with ether. After the ethereal solution 
had been dried with anhydrous magnesium sulphate and the ether 
removed, 8 g. of a pale yellow oil were obtained, from which 5—6 g. 
of b. p. 97—98°/15 mm.,or 101—102°/18 mm. were isolated (Found : 
C, 80*1, 80*2; H, 9*8, 9*7; N, 10*25. C 9 H 13 N requires C, 80*0; 
H, 9*6; N, 10*4%). 

The combined aqueous-alcoholic steam distillates from three such 
experiments were distilled through a column until about three- 
quarters of the alcohol had been removed. Water was then added 
to the residue, and the insoluble material extracted with ether. 
After removal of the ether, about 15 g. of non-basic products were 
obtained, and from these, by careful fractionation, 8—9 g. of a 
liquid, b. p. 138—141°/758 mm., which had a xylene-like odour and 
burned with a smoky flame (Found : 0, 90*1; H, 9*3. Calc, for 
C 8 H 10 : 0,90*6; H, 9*4%). 
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From the residue about 4—5 g. of a liquid, b. p. 138—140°/18 mm., 
were obtained which, after shaki ng with dilute hydrogen peroxide 
and standing over-night, were converted into a crystalline mass. 
Recrystallised from hot water, the substance formed colourless 
leaflets, m. p. 141—142°, and analysis left no doubt that it was 
identical with m-tolylacetamide (compare Radziszewski and Wispek, 
be. tit.) (Found : N, 9-6. Calc, for C^ON : N, 9-7%). 

The amine, b. p. 97—98°/15 mm., described above, absorbed 
carbon dioxide readily from the air, with the formation of a solid 
carbonate. 

The hydrochloride of the base was readily obtained by passing 
dry hydrogen chloride into its alcoholic solution. It separated in 
large, transparent laminae, m. p. 160° (Found : C, 63*4; H, 8*35. 
CoH^HCl requires C, 63-0; H, 8-2%). 

The picrate, obtained by adding an alcoholic solution of the base 
to a saturated alcoholic solution of picric acid, formed sulphur- 
yellow needles, m. p. 174° (176° corr.) (compare Sommer, loc. tit.) 
(Found : N, 15*4. Calc., N, 15*4%). 

The platinum salt, which separated in small, orange-brown 
needles on mixing warm solutions of the hydrochloride of the base 
and chloroplatinic acid, blackened between 230° and 240° and melted 
with vigorous decomposition at 246° (von Braun found m. p. 232° 
for this substance) (Found : Pt, 28*85. Calc. for 2C fl H 13 N,H 2 PtCL : 
Pfc, 28*7%). 

The benzoyl derivative was best obtained by mixing 1 g. of the 
hydrochloride with 0*9 g. of benzoyl chloride and adding 15 c.c. of a 
o% solution of sodium hydroxide. The sticky, white mass gradually 
soHdifled; recrystallised either from a very small volume of alcohol 
or from alcohol-ligroin, it formed colourless prisms, m. p. 72°. 

The phenylthiocarbamide was obtained by boiling a solution of 
equal weights of the base and of phenylthiocarbimide in alcohol 
for about 10 minutes and adding ligroin; the thiocarbamide separated 
in colourless needles, which were recrystallised from a little warm 
alcohol and then had m. p. 86—87°. 

The quaternary methiodide was easily prepared by shaking a 
mixture of the base (4*5 g.) with methyl iodide (20 g.) and 75 c.c. of a 
1 5 % solution of sodium hydroxide. Considerable heat was developed 

and the quaternary salt was deposited in white crusts. It crystal¬ 
lised from alcohol, in which it was only very moderately soluble in 
the cold, in colourless prisms, m. p. 237°. 

Seduction of m-Tolylacetonitrile. —This reduction was carried 
owt in the same apparatus and by the same method as that of the 
already described. Thirty g. of sodium were used to reduce 
a solution of 15 g. of m-tolylacetonitrile in 450 g. of absolute alcohol. 
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The reaction products were worked up in the same manner, giving a 
yield of about 7 g. of p-m-tolylethylamine, b. p. 98°/15 mm. or 
112°/25 mm., and about 5 g. of m-xylene (Found : C, 79-9; H, 9*8; 
N, 10*2. Calc, for C 9 H 13 N : C, 80*0; H, 9*6; N, 10*4%). 

Condensation of (3 - m - To lylethylamine with Piperonal. —A mixture 
of the base (10 g.) with piperonal (11 g.) was warmed on the water- 
bath for | hour. The product, which solidified on cooling, crystal¬ 
lised from about 100 c.c. of hot alcohol in yellowish-white leaflets, 
m. p. 54° (Found : C, 76*5; H, 6*6. C 17 H 17 0 2 N requires C, 76*4; 
H, 6*4%). 

(3-m- Tolylethylmethylamine. —The carefully dried piperonal com¬ 
pound (15 g.) was mixed with an equal weight of methyl iodide and 
heated for 6 hours in a sealed tube at 100°. The excess of methyl 
iodide was boiled off and the residue dissolved in about 75 c.c. of 
95% alcohol. On diluting the solution with three times its volume 
of ether, the hydriodide of the secondary base was precipitated in 
needles which, after being washed with ether, were faintly yellow 
and had m. p, 107° (Found: I, 45*5. C 10 H 16 N,HI requires I, 
45*8%). 

The free base, obtained by dissolving the hydriodide in an excess 
of 10% sodium hydroxide and extracting with ether, had b. p. 
88—89°/12 mm. (Found: C, 80*5; H, 9*8; N, 9*6. C 10 H 15 lSr 
requires C, 80*5; H, 10*1; N, 9-4%). 

The hydrochloride was best prepared by passing dry hydrogen 
chloride into a solution of the base in chloroform and adding ligroin, 
when it separated in greasy-looking leaflets, m. p. 134°, It is very 
soluble in alcohol and water and is usually obtained from these 
solvents, on evaporation, as an oil. 

The picrate separated in orange needles, on mixing strong alcoholic 
' solutions of the base and picric acid, and had m. p. 126—127° 
(Found: N, 14-7. C 10 H 15 N,C 6 H 3 O 7 N 3 requires N, 14*8%). 
t The benzoyl derivative was obtained as a viscous oil on mixing 
the base with benzoyl chloride and dilute caustic soda. It showed 
1 no signs of crystallisation even on cooling in a freezing mixture. 

m-Methylstyrene .—The quaternary methiodide of (3-m-tolyl- 
ethylamine (9 g.) was heated on the water-bath with 25% methyl- 
alcoholic potash (20 g.) in a small flask fitted with a reflux condenser 
closed with a cork, through which passed a delivery tube dipping 
into dilute hydrochloric acid. After 1 hour, when the decomposition 
appeared to be complete, water was added, the insoluble oily layer 
extracted with ether, and the ethereal solution washed with very 
dilute hydrochloric acid, dried, and distilled. The hydrocarbon 
obtafaed (3— 4 g.) had b. p. 61—62°/18 mm. (Found: C, 91*3; 
H, 8*5. C 9 H 10 requires C, 91*5; H, 8*5%). 
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From the hydrochloric acid solution through which the gaseous 
products of the decomposition had been passed, trimethylamine 
hydrochloride, m. p. 280° (decomp.) (compare Wagner, Z. Kryst. 
Min., 1906, 43, 167) was obtained. The ehloroplatinate prepared 
therefrom formed brown scales, m. p. 242—243° (compare Will- 
statter, Ber., 1895, 28, 3287), and the picrate formed golden-yellow 
prisms, m. p. 216°, from alcohol (compare Deldpine, Ann. Chim 
1896, 8 , 452). Conclusive evidence was thus obtained that tri¬ 
methylamine, and not dimethylamine, is eliminated during this 
decomposition. 

From the density and the observed value of the refractive index 
(rag* 1*54029), von Braun calculated the molecular refraction of his 
hydrocarbon, assuming, of course, the composition (II), and obtained 
the value [i?i] D 45-33, whilst that calculated for the composition 
C 10 Hi 0 was 42*11. He attributes this large exaltation of 3*2 units 
to the presence of the meta-ring structure. If, however, the 
molecular refraction is calculated from the same data, but assuming 
the composition C 9 H 10 , the value 41-15 is obtained, whilst that 
predicted theoretically (using Conrady’s constants) is 39-70—giving 
an exaltation of only 1*4 units. This exaltation is of the order to be 
expected in a substance of the structure (IX) {EM a for the isomeric 
P-methylstyrene is 1*01 units). 

afi-Dibromo-a-m-tolylethane. —^-Methylstyrene (1-5 g.) dissolved 
in 10 c.c. of carbon disulphide was cooled in ice and gradually 
treated with a solution of 2-1 g. of bromine in 10 c.c. of carbon 
disulphide. After evaporation of the solvent, the crystalline 
residue was dissolved in a small volume of warm alcohol, from 
which it separated in well-formed, large prisms, m. p. 47° (compare 
Muller, loc. cit.) (Found : C, 39-2; H, 3*8; Br, 57*5. Calc., C, 38*8; 
H, 3*6; Br, 57-6%). 

Reduction of p-Phenylenediacetonitrile and p-Tolylacetoniirile ,— 
The reduction of these two substances was carried out in precisely 
the same manner as that of the meta-isomerides. 

The same product, viz., (S-p-tolylethylamine, was obtained from 
both, as well as recognisable quantities of ^-xylene. 

The P-p-tolylethylamine, obtained in about 50% yield by reducing 
the dinitrile and in nearly 60% yield from the mononitrile, had 
b. p. 94—95°/13 mm. (Found: C, 79*6; H, 9 * 7 ; N, 10 * 7 . 
£ 9 ^ 13 ^ requires C, 80*0; H, 9-6; N, 10 - 4 %). 

The hydrochloride , which is quite sparingly soluble in water and 
nearly insoluble in cold alcohol, crystallises in large plates, m. p. 

Smr (Found ; C, 63*4; H, 8*25. CgH^HCl requires C, 63-0; 
B^ S- 2 %), The picrate forms pale yellow needles, m. p. 155°, from 
alcohol (Found : H, 15*7. C d H l 3 N 5 C 6 H 30 7 N 3 requires N, 15-4%). 
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The benzoyl derivative is very readily soluble in most solvents, 
but can be crystallised from a small volume of alcohol in colourless 
prisms, m. p. 89° (Found : C, 80*5; H, 71. C ie H 17 ON requires 
C, 80*3; H, 7*2%). The quaternary methiodide has m. p. 244° and is 
sparingly soluble in cold alcohol. 

On treatment with an excess of an acid solution of sodium nitrite, 
the amine was converted into p-p -tolylethyl alcohol , which had b. p. 
112°/12 mm., and when warmed with ^-nitrobenzoyl chloride was 
converted into a solid ester, which separated from alcohol in small, 
colourless needles, m. p. 91° (Found : C, 67*0; H, 5*45. C 16 H 15 0 4 N 
requires C, 67*3; H, 5*3%). 

With piperonal, the amine formed a beautifully crystalline 
condensation product, m. p. 107°, only sparingly soluble even in hot 
alcohol (Found : C, 76*7; H, 6-55. C 17 H 17 0 2 N requires C, 76*4; 
H, 6*4%). 

P-p-T olyUthylmeihylamine. —The piperonal compound was heated 
in a sealed tube with an excess of methyl iodide in the manner 
previously described. The hydriodide of the secondary base, 
obtained on decomposition of the product with aqueous alcohol, 
had m. p. 149°. From this the free base was obtained, b. p. 96°/12 
mm. (Found: C, 80*4; H, 10*25; N, 9*4. C 10 H 15 N requires 
C,80-5; H, 10*1; N, 9*4%). 

The hydrochloride is readily soluble in most solvents, but does 
not exhibit the extreme solubility of the meta-isomeride. It 
separates from cold alcohol in plates, m. p. 191°. The picrate forms 
deep orange prisms, m. p. 135°, from alcohol (Found : N,, 14*7. 
Ci6 H i80 7 N 4 requires N, 14*8%). 

p- Methylstyrene .—p-^-Tolylethylamine hydriodide is readily 
converted into the hydrocarbon by boiling with 25% methyl- 
alcoholic potash. 

^-Methylstyrene has b. p. 59—60°/12 mm. and does not appear 
to undergo polymerisation as rapidly as the meta-isomeride (Found: 
C, 91*2; H, 8-7. C 9 Hi 0 requires C, 91*5; H, 8*5%). 

Treated in carbon disulphide solution with the equivalent of two 
atoms of bromine, it is converted into aj3-dibromo-a-jp-tolylethane, 
m. p. 46° (compare Klages and Keil, loc *■ cit) (Found : Br, 57*15. 
Calc., Br, 57*6%). 

My thanks are due to the Ramsay Memorial Trustees for a Fellow¬ 
ship during the tenure of which this work was carried out. I also 
wish to thank Professor W. H. Perkin for his interest and advice 
and Br. R. B. Haworth for some valuable suggestions. 
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[Received, January 30 th, 1926.] 



520 PRIDEATJX AND MILLOTT : THE ACTION OF HYDROGEN 


LXVIII .—The Action of Hydrogen Fluoride on 
Compounds of Selenium and Tellurium. Part II. 
Tellurium Dioxide. 

By Edmitnd Brydges Bttdhall Prideaux and 
John O'Neil Millott. 

The action of hydrofluoric acid upon tellurium dioxide was studied 
by Metzner (Ann. Chim. Phys ., 1898, 15, 203). The oxide dissolved 
in the 43— 55% acid. On cooling to about —50°, crystals were 
obtained which contained 53% of hydrogen fluoride. The solutions 
crystallised on evaporation to small bulk, and successive crops 
corresponded best with the formulae 2TeF 4 ,3Te0 2 ,6H 2 0 and 
TeF 4 ,Te0 2 ,2H 2 0, the analyses of the latter compound being the 
more concordant and agreeing better with the formula assigned. 
The mother-liquor from this preparation was treated with hydro¬ 
fluoric acid “ pur.” (from potassium hydrogen fluoride) and cooled 
to — 70°. It then formed transparent crystals containing 3*8 atoms 
of fluorine for each atom of tellurium. This compound was 
regarded as TeF 4 . The author remarks that its preparation in 
the pure state would require very concentrated acid. We have 
used anhydrous hydrogen fluoride throughout our investigation, 
but have not so far observed the crystallisation of this compound. 
We have, however, confined our experiments mainly to the prepar¬ 
ation of that fluoride which is obtained at the ordinary temperature. 

Experimental. 

Tellurium, supplied by the courtesy of the Baltimore Copper 
Company, was dissolved in nitric acid, and the solution evaporated 
to dryness. The product was slightly green owing to the presence 
of copper, which was removed by fusion with sodium carbonate 
and extraction with water followed by filtration. The solution 
was made faintly acid with nitric acid, and the precipitated tellurous 
acid was filtered off, dried at 100°, heated to its melting point, and 
powdered. 

The anhydrous hydrogen fluoride, prepared as already described 
(Part I, this vol., p. 167), was passed over the dioxide in a platinum 
boat or crucible, contained in a copper tube or copper-plated cylinder, 
respectively. A colourless liquid was produced and a white solid, 
consisting apparently of unchanged tellurium dioxide, remained. 

? This dissolved completely in excess of hydrogen fluoride. The 
liquid was exposed for several days in a vacuous desiccator, covered 
mride with ceresin and containing calcium chloride and solid sodium 
hydroxide. It became slightly more viscous and remained clear. 
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On cooling to — 70°, it became very viscous, but no crystals appeared 
on stirring and rubbing. After standing for another day, it sud¬ 
denly set to a mass of white crystals. This is the product A men¬ 
tioned below. 

The preparation was repeated with slight variations. The 
hydrogen fluoride vapour was passed until some of the oxide had 
dissolved and some had been converted into silky crystals, which 
adhered firmly to the crucible. The liquid was then decanted into 
a platinum capsule. The undissolved dioxide and the silky crystals 
were dissolved in more liquid hydrogen fluoride which had been 
condensed in a platinum bottle. Both solutions were placed at 
once in the desiccator described above, which was then evacuated. 
After about 2 days, a mass of white nodules of radiating crystalline 
structure separated from each solution. This is sample B. 

These crystals were kept, in a desiccator, unchanged for days 
at atmospheric pressure. When the desiccator was evacuated over 
phosphorus pentoxide for a night, 0*5525 g. of the substance lost 
only 3 mg. But when this treatment was continued for several 
days (sample Bl) or when the compound was kept over alkali in a 
desiccator for months (sample Al), the composition changed in the 
maimer indicated by the analyses given below. 

Analysis .—Since the accurate gravimetric estimation of fluoride 
in the presence of tellurite is difficult (Metzner, loc. cit.) > we have 
devised a method of estimating it as hydrogen fluoride after 
hydrolysis. When a solution of tellurous acid in dilute hydro¬ 
fluoric acid is titrated with alkali in the presence of p-nitrophenol, 
precipitation of tellurous acid begins at once and continues until 
the indicator turns yellow. When tellurous acid is suspended in 
water, a single drop of alkali produces this colour change. There¬ 
fore, on account of its sparing solubility, the tellurous acid gives 
a solution of [H + ] = 1 X 10" 5 or even less. A weighed amount of 
hydrofluoric acid, when titrated in the presence of tellurous acid, 
required exactly the same amount of alkali as the same weight of 
hydrofluoric acid when titrated alone. Tellurous acid, therefore, 
can be disregarded at the p-nitrophenol end-point. Although this 
titration gives concordant figures, these do not, as shown in Part I 
(loc. correspond with the absolute amount of hydrofluoric 
acid present until multiplied by a factor 1*03. 

The samples were analysed after being crushed and rubbed 
between filter-paper. 

Tellurium was estimated as usual after precipitation by sulphur 
dioxide from a hydrochloric acid solution.* 

* In the volumetric analysis, the titrated liquid was proved to be free 
from tellurium, and the precipitate free from fluoride* 
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Sample A: 0*273 g. required 28*57 e.c. of JV/lO-alkali and gave 
0*1805 g. of tellurium. Sample B : 0*9005 g. required 92*3 c.e. of 
^■/10-alkali, and 0*382 g. gave 0*2545 g. of tellurium. 


A. 

B. 

Al. 

Bl, 

66-1 

66*6 

68-7 

70*2 

20*4 

20*0 

18*6 

18*9 


TeF 4 ,Te0 2 ,H 2 0 requires Te, 66*8; F, 20*0%. TeF 4 ,Te0 2 ,2H 2 0 
requires Te, 63*8; F, 19*1%. 

The use of anhydrous hydrogen fluoride therefore leads to a 
compound different from either of those prepared by Metzner. In 
the presence of more water, more hydrated compounds would 
doubtless be formed. Since the only water present in our experi¬ 
ments was that formed in the reaction, it is evident that at least 
one molecule is thus produced and evaporates in the desiccator. 
The other molecule, if it is really eliminated, is held as water of 
crystallisation but has only a low vapour pressure. 

We regard this compound as the least hydrated which it is 
possible to prepare from the dioxide and hydrogen fluoride 
with subsequent evaporation. It is not at present possible to 
decide between the formulae TeF 4 ,Te0 2 ,H 2 0, 2TeOF 2 ,H 2 0, and 
Te0F 2 ,Te0 2 ,2HF. In material kept in the desiccator after a long 
time (Al), or in a vacuum over phosphorus pentoxide (Bl), the 
percentage of tellurium increases considerably, whilst the percentage 
of fluorine diminishes only slightly. These results suggest that, under 
the conditions employed, more water is lost than hydrogen fluoride, 
so that the compound behaves rather as a hydrate than as a fluoride. 

One of us wishes to repeat his grateful acknowledgment to the 
Royal Society of a grant which has supplied some of the apparatus 
required for this and the preceding research. The other (J. O’N. M.) 
wishes to thank the Department of Scientific and Industrial Research 
for a maintenance grant. 

Univeesity College, Nottingham. [Received, November 9th, 1925.] 


LXIX .—The Action of Alcoholic Potassium Hydroxide 
upon Chloronitrobenzene . 

By Donald Henby Richardson. 

(Ber 1872, 5, 910) obtained #p'-dichloroazoxybenzene 
[ boiling p-chloronitrobenzene with alcoholic potash. Willgerodt 
> 1879,12,767) showed that 'p-nitrophenetole and ^-nitrophenol 
slse are products of the reaction, and later (Ber., 1882, 15, 1002) 
found that dilution of the alcohol with water diminishes the form- 
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ation of dichloroazoxybenzene. Blom (Helv. Chim. Acta , 1921, 4, 
297) studied the kinetics of the reaction and found that by using 
aqueous alcohol at 70° no dichloroazoxybenzene is formed. 

In an investigation with the object of discovering the conditions 
under which the maximum yield of nitrophenetole free from chloro- 
nitrobenzene could be most easily obtained, it was found that the 
formation of dichloroazoxybenzene could be avoided without dilution 
of the alcohol if the temperature was reduced to 60°, and the alkali 
strength to 0*2 normal. Excellent results having been obtained 
on the small scale, some large-scale trials were made in which 
362 lb. of chloronitrobenzene were heated at 60° with 145 gallons 
of 0*2JV'-95% alcoholic soda, the alkali strength being maintained 
by the addition of the estimated amount of the powdered solid at 
frequent intervals. At the first attempt, in spite of considerable 
accidental loss, the yield amounted to 277 lb. of nitrophenetole, 
free from chloronitrobenzene, and containing only 3*4% of dichloro¬ 
azoxybenzene, but in all subsequent experiments at least 17% of 
the theoretical amount of azoxy-compound was formed. It was 
not realised at the time that the alcohol used in the first experiment 
had been specially purified for pharmaceutical purposes, and the 
systematic investigation to be described was undertaken to discover 
the cause of the failure of the process. 

The conclusions are as follows : 

1. The presence of as much as 0*1% of acetaldehyde in the alcohol 
causes considerable reduction of the chloronitrobenzene, and the 
larger the percentage of acetaldehyde, the greater is the yield of 
dichloroazoxybenzene. 

2. The formation of dichloroazoxybenzene may be avoided without 
dilution of the alcohol with water if chloronitrobenzene is heated 
for 140 hours at 60° in a OSiV-solution of caustic potash in 95% 
ethyl alcohol free from acetaldehyde. 

3. Under these conditions, 92% of the theoretical yield of pure 
p-nitrophenetole, 90% of o-nitrophenetole, and 96% of p-nitro- 
anisole (using methyl alcohol) may be obtained, nitrophenol being 
the only by-product, 

4. As the temperature or alkali concentration is raised, dichloro¬ 
azoxybenzene is formed in rapidly increasing amount, even if the 
alcohol is free from acetaldehyde. 

5. Under conditions resulting in the formation of a considerable 
amount of dichloroazoxybenzene, p-chloroaniline is also formed in 
appreciable quantity. 

6. Although the reducing action of alcoholic alkali is decreased by 
dilution of the alcohol with water (Willgerodt, be . oil.), this diminishes 
the rate of conversion of chloronitrobenzene into nitrophenetole. 



524 RICHARDSON : THE ACTION OF ALCOHOLIC POTASSIUM 

7. Nitrophenol is always a by-product when ehloronitrobenzene 
is heated with alcoholic alkali solution, and the yield is increased 
as the temperature and the strength of alkali are raised, but is not 
greatly affected by dilution of the alcohol with water. 

Experimental. 

Five series of experiments were carried out, in each of which 
only one factor was subjected to variation. Pure ehloronitrobenzene 
was heated at a constant temperature in a large excess of a standard 
solution of potash in alcohol of known strength. After a noted 
time, the solution was nearly neutralised with sulphuric acid, the 
alcohol distilled off, and the nitrophenetole isolated by blowing 
steam through the residue. Its weight and melting point were 
determined after filtering off and drying over calcium chloride in a 
vacuum desiccator. Nitrophenetole was appreciably volatile in 
alcohol vapour, and was estimated in the alcohol recovered by 
evaporating a known volume in a vacuum desiccator at laboratory 
temperature, and weighing the residue. Ether extraction of the 
filtered steam distillate showed that nitrophenetole was soluble in 
water at 15° to the extent of 0'11 g. per litre. The insoluble diehloro- 
azoxybenzene was filtered off from the residual liquors, washed, 
dried, and weighed without further purification. After evaporation 
to smaller bulk, the filtrate and washings were acidified with sulphuric 
acid and the ^-nitrophenol was extracted with ether. 

The conditions in each series of experiments are described below, 
and the yields given in tabular form. 

Series 1 .—Variation in strength of alkali . A solution of caustic 
potash in 95% alcohol was standardised and diluted with the 
calculated volume of alcohol so that 250 c.c. each of a 0*1, 0*2, 
0*3, 0*4, and 0*5 A-solution of potash were obtained. Exactly 
4 g. of pure ehloronitrobenzene were dissolved in each solution, and 
all were heated together in a thermostat at 60°. After 187 hours' 
heating, 5 c.c. of each solution were titrated with iV'/10-sulphuric acid 
to determine the final concentration of the potash, and the reaction 
products analysed as previously described. The results are tabu¬ 
lated below: 


Experiment. 

1. 

2. 

3. 

4. 

5. 

Strength of KOH (N): initial ... 

0*1 

0-2 

0*3 

0*4 

0*5 


0-013 

0-064 

0*165 

0-226 

0*405 

: of nitrophenetole (#.). 

3-19 

3-61 

3*24 

2*86 

1-91 

ifjfe p. of nitrophenetole .. 

46° 

57° 

57° 

57° 

57° 

» of diehloroazoxybenzene (g.) 

0-02 

0-10 

0*37 

0*70 

0-92 

1IIP* ^'P-nitrophenol (g.) ..... 

0-04 

0-09 

0*13 

0*28 

0-00 

|^g|S3©oretical yield; 





44-8 

,i^«2^rophenetole.... 

75*3 

85-1 

76*4 

67*5 

■■ '^KjP^feroazoxybexxzene . 

0-6 

2-9 

10*9 

20*6 

27-1 


1*1 

2*6 

3*7 

7*9 

14-2 

IHal .... 

77-0 

90*6 

91*0 

96*0 

86-1 
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The low melting point of the nitrophenetole obtained in experi¬ 
ment 1 showed that some unchanged ehloronitrobenzene remained, 
as would be expected in view of the small final concentration of 
the potash in this case. A considerable amount of tarry matter 
was noted during the extraction of the nitrophenol in experiment 5, 
and a smaller amount in experiment 4. It was not found possible 
to account for the remainder of the yield at this point. 

The results indicated that an increase in the concentration of 
alkali causes a greater production of both dichloroazoxybenzene 
and nitrophenol, this being most marked in the case of the azoxy- 
compound. 

Series 2 .—Variation in strength of alcohol. Five 0*52V-potash 
solutions were prepared, one in absolute alcohol, and the other four 
in 95% alcohol diluted with noted volumes of water to a total of 
250 c.c. each. The five solutions were heated in a constant- 
temperature water-bath at 60° for 24 hours, after which 4 g. of 
ehloronitrobenzene were dissolved in each and the heating was 
continued for 187 hours. 

The products were analysed with the following results : 


Experiment. 

6. 

7. 

8. 

9. 

10. 

Strength of alcohol (%) . 

100 

87 

80 

70 

60 

Wt. of nitrophenetole (g.). 

3-834 

3-497 

3-453 

3*348 

3-019 

M. p. of nitrophenetole . 

57° 

57° 

57° 

56° 

56° 

Wt. of dichloroazoxybenzene (g.) 

0*025 

0-129 

0*157 

0*071 

0-106 

Wt. of nitrophenol (g.) . 

• 

% Theoretical yield: 

Lost by 
accident. 

0-484 

0-488 

0-469 

0*455 

Nitrophenetole. 

90-4 

82-5 

81*4 

78-9 

71*2 

Dichloroazoxybenzene . 

0-7 

3-8 

4-6 

2-1 

3*1 

Nitrophenol.. 

? 

13-7 

13*8 

13-3 

12*9 

Total . 

(91-1) 

100-0 

99*8 

94-3 

87*2 


The melting point of the nitrophenetole obtained in experiments 
9 and 10 showed that a small amount of ehloronitrobenzene remained 
unchanged, indicating that dilution of the alcohol retards the rate 
of conversion of ehloronitrobenzene into nitrophenetole. The most 
remarkable result was the very small yield of dichloroazoxybenzene 
in all five experiments, in spite of a concentration of potash equal 
to that in experiment 5, in which a 27 % yield of the azoxy-compound 
was obtained. 

The use of absolute alcohol having resulted in the smallest pro¬ 
duction of dichloroazoxybenzene, it seemed probable that some 
impurity in the alcohol was the cause of the formation of the azoxy- 
compound. Since the ehloronitrobenzene is reduced to dichloro¬ 
azoxybenzene, acetaldehyde would be the most likely impurity to 
cause this reduction. The preliminary 24 hours 9 heating of the 
alcoholic potash before the introduction of the ehloronitrobenzene 
would have at least partly resinified the aldehyde, so accounting 
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for the small yield of dichloroazoxybenzene in these five experiments. 
It was noted that a yellow colour developed in the alcoholic potash 
solutions during the preliminary heating, indicating the formation 
of aldehyde-resin. 

Series 3.— Effect of acetaldehyde upon the 'production of dichloro - 
azoxybenzene. To determine the effect of acetaldehyde upon chloro- 
nitrobenzene in alcoholic potash solution, a third series of five 
experiments was commenced, using 250 c.c. of 0-5 if-alkali in 95% 
alcohol. The chloronitrobenzene was added before heating in 
experiment 11, but after 66 hours 5 preliminary heating in experiment 
12, while 25 c.c. of hydrogen peroxide solution were added in 
experiment 13. Methylated spirit known to contain acetaldehyde 
was used in experiment 14, and 10 c.c. of acetaldehyde were added 
to the alcohol in experiment 15, in both cases the chloronitrobenzene 
being added before heating was commenced. The five solutions 
were heated simultaneously for 235 hours at 60°, and gave the 
following yields on analysis : 


Experiment. 

11. 

12. 

13. 

14. 

15. 

Wt. of nitrophenetole (g.). 

3-69 

3*77 

3*58 

2*13 

0-82 

Wt. of dichloroazoxybenzene (g.) 

0*04 

0*02 

0*015 

0*315 

2*29* 

Wt. of nitrophenol (g.) . 

0*43 

0-41 

0-52 

0*68f 

0*67f 

% Theoretical yield: 

Nitrophenetole. 

87*0 

88*9 

84*4 

50*2 

19*2 

Dichloroazoxybenzene . 

1*2 

0*6 

0-5 

9*3 

67*6* 

Nitrophenol... 

12*2 

11*5 

14*7 

19*5f 

19*0f 

Total ... 

100*4 

101*0 

99*6 

79*0 

105*8 * 


* Includes aldehyde-resin. f Includes tax. 

The very large yield of dichloroazoxybenzene in the presence of 
acetaldehyde left little cause for doubt that the latter plays an 
important part in the reduction of the chloronitrobenzene. It was 
resolved to test this conclusion by heating chloronitrobenzene with 
alcoholic potash containing known small quantities of acetaldehyde. 

Acetaldehyde was eliminated from ethyl alcohol as completely as 
possible by refluxing with 0-2% of m-phenylenediamine hydro¬ 
chloride for 12 hours, after which the alcohol was distilled off through 
a fractionating column, the first 100 c.c. of the distillate being 
rejected. The product gave no colour on standing with Schiff’s 
reagent, and remained practically colourless after heating for 
24 hours with O-SJV'-potash at 60°. 

A standard solution of acetaldehyde was prepared by dissolving 
about 10 c.c. of freshly distilled acetaldehyde (b. p. 21°) in 100 c.c. 
of aldehyde-free alcohol and estimating its strength by the sodium 
sulphite method. 

Series 4.— Effect of variation in concentration of aldehyde . Three 
solutions were prepared containing measured volumes of the 
standard acetaldehyde solution diluted to 250 c.c. with aldehyde-free 
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alcohol in which was dissolved sufficient potash to give 250 c.c. of 
a 0*5A-solution. Four g. of chloronitrobenzene were dissolved in 
each, and all were heated simultaneously with a blank experiment, 
using the same aldehyde-free alcohol, for 160 hours at 60°. The 
following table gives the yields in the four experiments: 


Experiment. 

16. 

17. 

18. 

19. 

Strength of acetaldehyde (%) . 

. 0*0 

0*14 

0*2 

0*67 

Wt. of nitrophenetole (g.) . 

. 3*902 

3*434 

2*686 

1-121 

Wt. of dichloroazoxybenzene (g.) .. 

. Nil 

0*317 

0*636 

QO 00 
l> CO 

r—1 ^ 

m 6 

*Wt. of nitrophenol (g.) ... 

. 0*276 

0*210 

0*405* 

% Theoretical yield: 

Nitrophenetole . 

92*0 

81*0 

63*3 

26*4 

Dichloroazoxybenzene. 

. 0*0 

9*3 

15*8 

64*2f 

Nitrophenol .... 

7*8 

6*9 

11*5* 

13-3* 

Total .... 

. 99*8 

96*2 

90*6 

103*9 


* Includes tar. f Contained aldehyde-resin. 

From these results, it is evident that the complete elimination of 
acetaldehyde from the reaction mixture prevents the formation of 
dichloroazoxybenzene, under the conditions obtaining in these 
experiments. As little as 0*1% of acetaldehyde appears to be 
capable of causing a considerable amount of reduction of the chloro¬ 
nitrobenzene, and an increase in the concentration of the aldehyde, 
within the limits investigated, causes a corresponding increase in 
the formation of dichloroazoxybenzene. 

Experiments were now made to determine whether, with the use 
of aldehyde-free alcohol, the temperature and the alkali concentra¬ 
tion could be increased without the formation of dichloroazoxy¬ 
benzene. It had been noted that whenever the latter appeared in 
the reaction product in any quantity, the total yields of nitro- 
phenetole, dichloroazoxybenzene, and nitrophenol did not account 
for the whole of the chloronitrobenzene employed. It was thought 
possible that a small amount of the latter might have become 
completely reduced to ^-chloroaniline. 

To investigate this possibility, the solutions obtained in the 
following series of experiments were acidified with dilute sulphuric 
acid before distilling off the alcohol. After steam distillation of 
the nitrophenetole and filtration of the dichloroazoxybenzene, the 
acid filtrate was made alkaline and distilled to a small volume. 
The distillate was extracted with ether, and the residue after its 
evaporation weighed. 

The residue melted at 66°, was soluble in dilute acids and repre¬ 
cipitated by alkali, and could be diazotised and coupled with 
P-naphthol to give a red dye. It was acetylated with acetyl 
chloride, and the product melted at 171—173°. After recrystal¬ 
lisation from dilute alcohol, it melted sharply at 177°. These facts 
indicated that the residue was ff-chloroaniline. 
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Series 5.— Effect of higher temperature, and greater concentration 
of alkali , on the reaction of chloronitrobenzene with aldehyde-free 
alcoholic potash , Five solutions of potash in 250 c.c. of aldehyde- 
free alcohol were prepared so that two contained 0*5iV-alkali, and 
the other three 1*0, 1*5, and 2*0 ^-alkali, respectively. In each 
were dissolved 4 g. of chloronitrobenzene, and, whilst one of the 
0*5 ^-solutions was refluxed for 24 hours, the other four were heated 
for 140 hours at 60°. 

The yields of nitrophenetole, nitrophenol, dichloroazoxybenzene, 
and chloroaniline in each of the five experiments were estimated 
as described above, with the following results : 


Experiment. 

20. 

21. 

22. 

23. 

24. 

Strength of potash (N) . 

. 0-5 

0-5 

1*0 

1-5 

2*0 

Wt. of nitrophenetole (g.). 

. 1-241 

3-800 

2*134 

0-778 

0-32S 

Wt. of nitrophenol (g.) ..._ 

. 0*553 

0-279 

0-434 

0-364 

0-304 

Wt. of dichloroazoxybenzene (g.) 1-526 

Nil 

0-988 

2-243 

2-372 

Wt. of p-chloroaniline (g.) 

. 0*205 

Nil 

0-338 

0-293 

0*572 

% Theoretical yield : 






Nitrophenetole. 

..... 29*3 

89-6 

50*3 

18-4 

7*7 

Dichloroazoxybenzene .. 

.... 45-0 

0-0 

29-1 

66-2 

70-0 

Chloroaniline . 

.... 6-3 

0-0 

10*4 

9-1 

17*7 

Nitrophenol. 

.... 15-7 

7-9 

12-3 

10-3 

8-6 

Total . 

.... 96-3 

97-5 

102-1 

104*0 

104*0 




The dichloroazoxybenzene 


Refluxed. 


was very impure. 


These results proved conclusively that the absence of aldehyde 
from the alcohol does not preclude the formation of dichloroazoxy¬ 
benzene under all conditions. They confirm the conclusion that 
higher temperature and higher concentration of alkali favour the 
reduction of the chloronitrobenzene, an appreciable quantity of 
which becomes completely reduced to ^-chloroaniline whenever 
dichloroazoxybenzene is formed to any extent. 

In order to determine the minimum time required for the con¬ 
version of chloronitrobenzene into nitrophenetole under the 
conditions giving the maximum yield, 63 g. of chloronitrobenzene 
in 2 litres of 0-5 jV-9o% aldehyde-free alcoholic potash were heated 
at 60°, whilst 5 c.c. of the solution were titrated at intervals with 
N /10-aeid, and the melting point of the precipitated chloronitro- 
benzene-nitrophenetole mixture was determined. 


Experiment 25. 


Time 

N/I0-H 2 SO 4 (c.c.) 

Strength of Equivs. of KOH M. 

p. of ppted, 

(hours). 

for 5 c.c. 

KOH (N). 

neutralised. 

product. 

0 

25 

0*5 

0*0 

o 

CO 

00 

28£ 

18*45 

0*369 

0*655 

49—51 

50 

16-85 

0-337 

0*815 

54—55 


15*75 

0*315 

0:925 

55—56 

142 

15*0 

0*300 

1*0 

56—57 
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After 142 hours, the whole solution was neutralised with dilute 
sulphuric acid, and the alcohol distilled off on the water-bath. 
The residue of nitrophenetole was well washed with dilute caustic 
soda to remove nitrophenol, then with water, and dried over calcium 
chloride in a vacuum desiccator. The mother-liquors and washings 
were evaporated down, acidified, and extracted with ether. 

Yield : 61*1 g. of nitrophenetole, m. p. 56*5° = 91*5% of theor. 

3*3 g. of nitrophenol = 6-0 „ „ 

20 e.e. of solution withdrawn for titration = 1-0 „ ,, 

Total — 98*5 „ ,, 

This experiment confirmed the conclusion that 39-chloronitro- 
benzene can be converted into nitrophenetole by heating at 60° 
for approximately 140 hours in 0-5 N- 95% alcoholic potash, without 
the formation of any dichloroazoxybenzene, if the alcohol is free 
from acetaldehyde. 

Under similar conditions, 65 g. of o-chloronitrobenzene, dissolved 
in 1 litre of aldehyde-free ethyl alcohol, gave a yield of 62*2 g. of 
o-nitrophenetole (90*3% of the theoretical), whilst 4 g. of ^-chloro- 
nitrobenzene in 250 c.c. of methyl alcohol gave 3*750 g. of 39-nitro- 
anisole (96*5% of the theoretical). 

No dichloroazoxybenzene was formed in either case. 

Northern Polytechnic, London, N.7. [Received, October 30 th 9 1925.] 


LXX .—Action of Mercurous Nitrate on Chloroauric 

Acid . 

By William Branch Pollard. 

The action of mercurous nitrate on chloroauric acid has been stated 
to give (1) gold, or a mixture of gold and mercurous chloride (Proust, 
Nickolscm?$ J ., 1806, 13, 244), (2) a combination of aurous and 
mercuric oxides (Fischer, Schweigger's J., 1829, 56, 363), (3) aurous 
oxide (Figuier, Ann. Chim. Phys ., 1844,11, 336). 

The author has studied the reaction under two distinct con¬ 
ditions ; first, the reaction which occurs when an excess of some 
halide is present, and, secondly, the reaction which occurs in the 
absence of halides. 

Experimental. 

Action of Mercurous Nitrate on Chloroauric Acid in Presence of 
Halides .—Mercurous nitrate was prepared by shaking a solution of 
mercuric nitrate in dilute nitric acid with excess of mercury, a little 
carbamide being added to prevent the formation of nitrites. The 
solution was titrated as described below, and then diluted until 
50 c.c. reduced exactly 0*5 g. of gold. 
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Gold (0-5 g.) was dissolved in 4 c.c. of aqua regia (3 :1). The 
fumes were blown out with a current of air, but the excess of nitric 
and hydrochloric acids was not removed. The solution was diluted 
with 50 c.c. of water, 1 c.c. of concentrated hydrochloric acid was 
added, and mercurous nitrate solution run in. The black colour 
of the precipitate of metallic gold that instantly formed slowly 
changed to brown. The particles of the precipitate cohered on 
shaking, leaving the liquid clear. As the end-point was approached, 
the yellow colour of the chloroauric acid disappeared, the precipitate 
took on a transient purple tint, and finally white, mercurous chloride 
formed. During the titration, no evidence of reduction to the aurous 
state was obtained, even when a large amount of alkali-metal 
chloride was present (Diemer, J. Amer. Chem. Soc ., 1913, 35, 552). 
Addition of such chlorides or of bromides or iodides appears to 
increase the velocity of the reaction. The amount of mercurous 
nitrate required to precipitate the gold when in combination with 
chlorine, bromine, or iodine was, however, practically identical in 
the three cases, provided there was sufficient halide to combine with 
the whole of the mercury present. 

In order to obtain the quantitative relation between mercurous 
nitrate and chloroauric acid, the volume of solution required to 
precipitate 0*5 g. of pure gold was taken and precipitated with 
sodium chloride. The resulting mercurous chloride was equivalent 
to 2*0039 g. of mercurous nitrate as against 1*9947 g. required by the 
equation: 

HAuC 1 4 + 3HgN0 3 + 2HC1 = 3HgCl 2 + 3HNO s -f Au. 

To test whether this relation held at very great dilutions, the 
mercurous nitrate and chloroauric acid were titrated at a dilution 
one hundred times as great as that employed^boye. The gold 
separated in the red, colloidal condition. It was flocculated with a 
little hydrochloric acid, and the end-point found by addition of 
o-tolidine {Trans. Inst. Min. Met., 1923, 32, 242), which gives a 
yellow colour with one part of chloroauric acid in twenty million 
parts of solution. At this dilution, the relationship found above 
still held. 

From this experiment it is inferred that the precipitate which 
forms when strong solutions react consists of colloidal gold which 
has been flocculated by the acids and salts present in the liquid, and 
this would also account for the very marked adsorption effects which 
; have been observed. 

: When 0*5 g. of the precipitated gold was shaken with a solution 

sontahdng a few mg. of chloroauric acid, this substance was so 
'ti.ebp^tely adsorbed that it could not be detected in the solution. 
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The adsorbed substance reacted quite readily with solutions of 
reducing agents when these were applied to the precipitate. 

When solutions of certain dyes were shaken with the precipitate, 
these became colourless, and in the case of methyl-red this was 
adsorbed more readily in an acid than in an alkaline solution. 

In the course of these experiments it was noticed that if a very 
small amount of brucine or one of the quinine alkaloids was added 
to the chloroauric acid before precipitation with mercurous nitrate, 
the gold remained dispersed through the liquid and did not flocculate. 
Up to the present this result has not been observed except with the 
class of substances mentioned. 

Action of Mercurous Nitrate on Chloroauric Acid in the Absence 
of Halides. —Gold (0*5 g.) was converted into chloroauric acid, and 
all excess of nitric and hydrochloric acids was removed; 50 c.c. of 
water were added and mercurous nitrate solution was run in. The 
precipitate did not “ clear 55 on shaking and the end-point was 
diffi cult to find, but much less mercurous nitrate was needed to 
precipitate the gold completely in the absence of halides than in 
their presence. 

To a fresh solution of chloroauric acid a little mercurous nitrate 
was added, in order to precipitate only a small part of the gold. 
The black precipitate, on standing over-night in the solution, was 
converted into metallic gold. The gold was separated from the 
solution, and a further amount of mercurous nitrate added. The 
black, colloidal precipitate which formed was centrifuged, and the 
clear solution, which had changed from yellow to reddish-brown, 
was further examined. When heated, a reddish-brown precipitate 
resembling ferric hydroxide formed, and the same substance was 
deposited when the solution was kept. 

The substance was difficult to filter and wash, and after drying 
in a vacuum over sulphuric acid gained weight when exposed to the 
air. When heated, it gave off oxygen, water, and mercuric chloride, 
and left a residue of metallic gold. It dissolved in hydrochloric acid 
with the reformation of chloroauric acid. 

If the equation for the reaction between mercurous nitrate and 
chloroauric acid is written omitting the hydrochloric acid from the 
left-hand side, this will require the addition of mercuric nitrate to 
the right-hand side: 

HAuC1 4 + 3HgN0 3 = 2HgCl 2 + Hg(N0 3 ) 2 + HNO s + Au. 

Now Proust (Loc. c it., p. 224) showed that when e£ gold chloride ** 
was added to an excess of mercuric nitrate solution a yellow pre¬ 
cipitate formed. This compound gave oxygen, water, mercuric 
chloride, mercurous chloride, and gold on heating. The brown 
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compound prepared by the author gave no mercurous chloride when 
heated. 

On adding a small amount of mercuric nitrate to chloroauric 
acid, a slight darkening of the solution occurred. Further additions 
produced a reddish-brown solution similar to that previously 
obtained after centrifuging. When heated, a brown, colloidal 
precipitate separated identical with that previously described. 
The brown substance is therefore formed when chloroauric acid is in 
excess and Proust’s yellow substance is formed when mercuric 
nitrate is in excess. 

Proust explained the formation of his compound as being due 
to the very strong affinity of mercury for chlorine, which it is able to 
displace even from chloroauric acid. 

Jacobson (Compt. rend., 1908, 146, 1213) has shown that silver 
nitrate also can remove chlorine from chloroauric acid with formation 
of a brown basic compound : 

HAuC1 4 + 4AgN0 s + SB^O = Au(OH) 3 ,4AgCl + 4HN0 3 . 

Attempts to discover the exact composition of the brown sub¬ 
stance failed, as different preparations did not show sufficient agree¬ 
ment among themselves, and it is doubtful whether it has been 
prepared as yet in a state of purity. The following results, obtained 
by heating the substance in a Penfield tube, may, however, be taken 
as an approximate indication of its nature: Loss on heating 
(oxygen), 9-42; H 2 0, 7-18; HgCl 2 , 19*71; Gold (by difference), 
63*69%. 

The black precipitate formed by the action of mercurous nitrate 
on chloroauric acid which had been centrifuged out of the solution 
was now examined to see whether it consisted of a mixture of gold 
and the brown substance. After washing and drying, it was heated 
and gave off oxygen, water, and mercuric chloride and left a residue 
of gold. When it was treated with hydrochloric acid, chloroauric 
acid passed into solution and a residue of metallic gold was left. 
The black precipitate may therefore be regarded as a kind of 
“ Purple of Cassius ” in which stannic acid is replaced by the brown 
substance. It results from two reactions occurring simultaneously, 
which explains why, in the absence of halides, less mercurous nitrate 
is required to remove the gold completely from solution. 

The author takes this opportunity of thanking Professor Carpenter 
and the staff of the Royal School of Mines for all the facilities which 
he has been afforded. 

. Roval School of Mines, 

/ Sooth Kensington. [Received, October 17th, 1925.] 
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LXXI .—Habgenation of 2 :6-Dimethylbenzbisthiazole 
and of 3 : 5-Diphenylimino-2 : A-diphenyltetrahydro - 
1:2: A-thiodiazole. 

By Robert Fergus Hunter. 

The slight unsaturation of the nitrogen atoms of the heterocyclic 
nuclei in 1 :1-bisbenzthiazole (I) and the consequent great lability 
of the tetrabromide (II), which is so unstable that it decomposes 
appreciably into the original bisthiazole (I) and bromine on exposure 
to air for a few minutes (J., 1925,127, 1319), must, in view of the 
stability of 1-substituted benzthiazole bromides such as 1-phenyl - 
benzthiazole tetrabromide ( loc . cit.), clearly be due to the presence 
of the second thiazole nucleus. 

c 6 h 4 <s>c-c<|>c 6 h 4 c 6 h 4 <->cc<^>c 6 h 4 


That is to say that the two thiazole nuclei joined as in (I) by way of 
their ^-carbon atoms, mutually “ saturate 5J each other. 

Regarding this effect, it seems reasonable to suggest that the 
phenomenon is due to partial self-neutralisation of the valencies of 
the nitrogen atoms after the manner in which the central pairs of 
partial valencies in conjugated systems neutralise each other 
according to Thiele's theory {Annalen, 1899, 306, 87). This sup¬ 
position can be represented by means of a dotted line as in (I). 

In view of this, it was clearly desirable to examine the unsatur¬ 
ation of the benzbisthiazole system in which the thiazole nuclei are 
separated from each other by a benzene ring which should inhibit 
or prevent the self-saturation effect displayed by 1 :1-bisbenz- 
thiazole. The example chosen was 2 :6-dimethylbenzbisthiazole 
(HI) (Edge, J., 1922, 121, 772). 

b£S -—liNBr 2 (IV - ) 

s s 

it.) jfec/YYV 516 

BrN----NBr 2 , 

Br 3 

The reactive nitrogen atoms in this case are not linked by way of 
the •NIC'CIN* system, but this is immaterial, since the supposed 
double bonds in the thiazole nucleus are aromatic in character, and 
the usual formula for the thiazole ring really can represent only one 

T 
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of the transient phases of the intra-annular semi-aromatic hetero¬ 
cyclic nucleus. 

2 : 6 -Dimethylbenzbisthiazole in presence of excess of bromine 
readily passes into a bright yellowish-orange, relatively stable 
hexabromide, the most probable constitution of which is (IV).. This 
bromo-additive compound is quite devoid of the properties of 1 : 1 - 
bisbenzthiazole tetrabromide; for instance, it only loses appreciable 
halogen on exposure to the atmosphere for several days and is in 
many ways similar to the stable tribromo-additive compounds of 
the arylaminobenzthiazoies (J., 1925, 127, 2024). The self-satur¬ 
ation effect of the thiazole nuclei is therefore removed by the 
intervention of the common aromatic nucleus. There is, however, 
another effect which arises in connexion with the unsaturation of 
the benzbisthiazole complex, namely, the alternation of the affinity 
effect of carbon chains (Flurscheim, J. pr. Chem ., 1902, 66, 321; 
J. s 1909, 95, 718; 1910, 97, 84; Ingold, J., 1925,127, 513), which 
operates in the manner described hereunder. 

In the bromination of 2 : 6 -dimethylbenzbisthiazole, the first 
reaction must necessarily consist in the addition of bromine to one 
of the ring nitrogen atoms. The consequent formation of the 
:NBr 2 group at once causes an alternation in affinity along the carbon 
chain connected to the second nitrogen atom, which therefore 
becomes partly saturated. Now there can be very little doubt, 
from the facts already described in connexion with the bromo- 
additive compounds of the benzthiazoles (loo. cit), that the centre 
of unsaturation in a thiazole ring is the nitrogen atom. The obvious 
result is that in the bromination of the benzbisthiazole system one 
thiazole nucleus is much more reactive than the other, and hence one 
ring is responsible for the addition of four bromine atoms, whilst 
the other is fully satisfied by the addition of two. In this connexion, 
it does not matter whether the hexabromide has the constitution 
(IV) or the less probable formula (V). 

The above is well borne out by the behaviour of 2 ; 6 -dimethyl¬ 
benzbisthiazole towards other reagents such as methyl iodide; even 
in the presence of a large excess of methyl iodide, it will form only a 
monomethiodide (Edge, loc . cit.). 

Since benzbisthiazole is in a sense a dithio-di-azo-heterocyclic 
compound, it was of interest to examine the thiodiazole complex. 
The example chosen was 3 : 5-diphenylimino-2 : 4 -diphenyltetra- 
hydro-1:2:4-thiodi a zole (Hector, JBer., 1890, 23, 357), which, would 
be expected to pass under suitable conditions into the octabromide 
(VI). 


my Br^-C(NPh) >SB I 2 PhipC(NPh) >SI 

PhJHONPhBr, 4 1 1 


PhNIO-NPhl,- 
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Actually an octabromide having the expected properties was readily 
isolated as a bright red, crystalline compound, which gradually lost 
bromine on exposure to the atmosphere and was reduced by sulphur¬ 
ous acid (Hunter, loc. cit.) with regeneration of the original thio- 
diazole. 

There are, however, alternative formulae for this compound involv- 

ing the Br*N‘Br<C*» group. In view of the lesser affinity of iodine 
Br 

as compared with bromine for sulphur (compare Bogert and Abra- 
hamson, J^Amer. Chem. Soc ., 1922, 44, 826) and the facility iodine 
atoms have for combining with one another, which is greater even 


than that of bromine atoms, if the octabromide is indeed (VI), it 


might be expected that the thiodiazole on treatment with iodine 


would yield an additive compound of a lower order; whilst if the 
existence of the octabromide were due to the presence of the Br*N*Br 3 
group, an octaiodide would be formed. Actually the only iodo- 
additive compound isolated was .a hexaiodide, which is best repre¬ 
sented by the formula •(VII). Its formation is by no means a 
crucial test, but is in favour of the formulae suggested for these 


additive compounds. 


Experimental. 


Dithioacetyl-ra-phenylenediamine was prepared from diacetyl- 
m-phenylenediamine (20 g.) and oxidised with potassium ferricyanide 
according to Edge’s directions (loc. cit.). The product isolated 
from the ethereal extract was allowed to crystallise spontaneously 
from light petroleum-alcohol and recrystallised (without distillation) 
from light petroleum, 2 :6-dimethylbenzbisthiazole being thus 
obtained in shining prisms, m. p. 105°. 

2 : 6-Dimethylbenzbisthiazole Hexabromide. —The benzbisthiazole 
(0-25 g.) dissolved in chloroform (5 c.c.) was slowly treated with 
bromine (0-3 c.c.). The solution was then either warmed and rapidly 
treated with a further quantity of bromine (0*3 c.c.), when the 
hexabromide crystallised, or the addition was continued in the usual 
way and the resulting solution warmed, cooled, and scratched. 
The hexabromide crystallised in small, yellowish-orange prisms, which 
were dried in a vacuum over phosphorus pentoxide; m. p. 117— 
118° (decomp.) (Bound: Br, 68*2. C 10 H 8 N 2 Br 6 S 2 requires Br, 
68*6%). The yield was nearly quantitative. The hexabromide 
showed no change on exposure to air for several hours; on exposure 
for 5 days, the compound lost appreciable bromine, very slowly 
becoming red. It was reduced in the usual way by sulphurous acid 
(loc. cit.). It dissolved readily in warm alcohol; on dilution and 
warming, acetaldehyde was evolved. A pure bromo-substitution 
derivative could not be isolated. 

t 2 
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3 : 5-Diphenylimino~2 : 4z-diphenyltetrahydro- 1: 2 : 4 -thiodiazole .— 
^-Diphenylthiocarbamide (15 g.) dissolved in absolute alcohol 
(300 c.c.) was gradually treated with bromine until a permanent 
yellow colour was obtained (Hugershoff, Ber., 1903,36, 3121). The 
solution was filtered from coagulated sulphur into cold water (5 vols.), 
and the mixture made strongly alkaline with ammonia (d 0*880); 
the compound then separated in brittle, white granules. On crystal¬ 
lisation from ether, the thiodiazole separated in white plates, m. p. 
136°, as recorded in the literature (yield, about 60%). 

3 : 5-Diphenylimino -2:4- diphenyltetmhydro -1:2:4* thiodiazole 
Octabromide. —The thiodiazole (1 g.) dissolved in chloroform (10 c.c.) 
was gradually treated with bromine (1 c.c.), and the resulting solution 
warmed and kept J hour. On scratching, the octabromide separated 
in glistening, orange-red prisms, which were dried in a vacuum 
over potassium hydroxide; m. p. 103—105° (Found: Br, 66*2. 
C 26 H 20 N 4 Br 8 S requires Br, 66-6%). The bromide dissolved in 
glacial acetic acid, giving a solution which became colourless and 
evolved bromine and hydrogen bromide on prolonged boiling. The 
solution, on being made alkaline, furnished a product which crystal¬ 
lised from alcohol, on persistent scratching, in minute prisms, 
m. p. 200° (decomp.; after sintering at 110°). The quantity was 
much too small for investigation, but the product was doubtless an 
impure bromo-substitution derivative (loc. tit.). 

3 : 5-JDiphenyli?nino - 2 : 4 - diphenyltetmhydro -1 : 2 : 4 - thiodiazole 
Sexaiodide .—The thiodiazole (3*8 g.) dissolved in 20 c.c. of glacial 
acetic acid was gradually added to a warm solution of iodine (5 g.) 
in the same solvent (250 c.c.), and the resulting solution warmed and 
kept for 3 hours; a part of the iodo-additive compound then 
separated in small, black, glistening prisms, which were washed 
with a little acetic acid and dried in a vacuum; m. p. 120°. A 
second crop separated over-night in shining, black prisms having a 
dark green reflex, which were thoroughly washed with glacial 
acetic acid and dried in a vacuum as before; m. p. 122° (decomp.) 
(Found : I, 66*5. C^HgoN^IgS requires I, 66*8%). 

The hexaiodide was practically unacted upon by sulphurous acid 
owing to its insolubility, but was readily reduced by sulphur dioxide 
in acetic acid solution. It was readily decolorised by sodium 
thiosulphate [0*1120 g. in glacial acetic acid (redistilled over potass¬ 
ium permanganate) required 27*5 c.c. of l*97#/lCK)-sodium thio¬ 
sulphate. I, 57*4%]. The iodide was readily soluble in ether, ethyl 
acetate, and alcohol, but could not be recrystallised. 

A number of experiments were also carried out on the halogen- 
of 3 : 5-di-p-tolylimino-2 : 4-di-p-tolyltetrahydro-l: 2 : 4- 
^hmdlazole, m. p. 138°, which was obtained in the same way as the 
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phenyl derivative (Hugershoff, loc. cit.), but definite compounds could 
not be isolated; bromination and iodination in different solvents 
and under various conditions led to uncrystallisable gums or resins. 

The author desires to express his gratitude to Professor J. F. 
Thorpe, F.R.S., for the kind interest he has taken in this work. 

Imperial College op Science and Technology, 

London, S.W. 7. [ Received , November 11 th, 1925.] 


LXXII .—Bromination of some 5-Suhstituted 1-Phenyl - 

benzthiazoles . 

By Robert Fergus Hunter. 

The bromination of 1-phenylbenzthiazole has been investigatedjby 
Bogert and Abrahamson (J. Amer. Chem. Soc ., 1922, 44, 826), who 
obtained a red unstable tetrabromo-additive compound, to which 
they assigned the constitution (I), which on boiling with dilute 
acetic acid yielded 5-bromo-1-phenylbenzthiazole. 

The tetrabromide thus prepared gradually loses bromine on 
exposure to air, becoming almost colourless, and is instantaneously 
reduced to I-phenylbenzthiazole by sulphurous acid and sodium 
bisulphite (compare J., 1925, 127, 1319, 1488, 2023). The com¬ 
pound must therefore be a perbromide ; and may have the constitu¬ 
tion (I) or (II), the latter being analogous to that of the tetrabromides 
of pyridine and quinoline (Trowbridge, J. Amer. Chem. Soc., 1897, 
19, 558; Grimaux, Bull. Soc. chim ., 1882, 38, 124). 

< L > WCfg^CPh C A<OTMB^> CHl <“•’ 

The formation of a di-iodo- additive compound and not a tetraiodo- 
derivative by 1-phenylbenzthiazole (loc. cit.) is in favour of the 
formula (I); the slight ionisation of 1-phenylbenzthiazole tetra¬ 
bromide in glacial acetic acid solutions is, moreover, in accordance 
with the presence of a “ thiazonium ” sulphur atom as in (I), but 
the question cannot be fully discussed until, the behaviour of sub¬ 
stances such as dimethyl sulphide dibromide (Cahours, Anruden, 
1865,135, 355) has been thoroughly reinvestigated. 

The passage of phenylbenzthiazole tetrabromide into 5-bromo- 
1-phenylbenzthiazole (Bogert and Abrahamson, loc . cit.) suggests 
that there is probably an intimate connexion between the ring 
nitrogen atom (2) of the fused thiazole nucleus and the carbon atom 
(5) of the homocyclic ring of the benzthiazole system. The trans¬ 
formation is indeed a sort of “ para-migration, 55 and no doubt takes 
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place by way of a para-bridged intra-annular phase of the benzene 
ring. It might be expected, therefore, that the substitution of 
groups of varying polar character on the carbon atom (5) would 
have a profound effect on the unsaturation of the nitrogen atom (2) 
as exhibited by a tendency towards the formation of bromo-additive 
compounds (compare also Fries, Annalen , 1906, 346, 128). It is, 
moreover, clear that this effect will manifest itself whether the 
tetrabromide has the constitution (I) or (II), for in the former 
case the effect on the nitrogen atom (2) will be communicated to the 
sulphur atom (7) by way of the well-known alternation of affinity 
effect in carbon chains. 

Actually, it was found in connexion with the 5-substituted 1 -phenyl- 
benzthiazoles (III) that the electro-polar character of the 5-substituent 
has a remarkable effect on the tendency of these bases to form bromo- 
additive compounds. 

(m.) E ^Y Yh N0 2 -C 6 H 3 <!“>CPh (IV.) 

\y\^ 2 

Thus the negative nitro-group (R = N0 2 ) in 5-nitro-l-phenyl- 
benzthiazole depresses the unsaturation of the thiazole system to 
such an extent as to render the formation of bromo-additive com¬ 
pounds impossible in acetic acid solutions, and to allow the form¬ 
ation only with considerable difficulty of the dibromide (IV) in 
chloroform. The less negative bromine atom in 5-bromo-l-phenyl- 
benzthiazole (R = Br), on the other hand, allows the formation of 
a very unstable tetrabromo-additive compound with difficulty; 
whilst the positive amino-group (R == NH 2 ) enhances misaturation 
of the thiazole system in 5-amino-1-phenylbenzthiazole to such an 
extent as to cause the immediate formation of a stable tetrabromide 
in the case of the latter benzthiazole derivative. 

Bromination of 1-phenylbenzthiazole in chloroform gave rise to 
two isomeric forms of the tetrabromo-additive compound (m. p. 
126° and 153°), just as di-p-naphthylthiocarbamide yields two forms 
of the hexabromide of 2-p-naphthylamino-a-naphthathiazole 
(Hunter, J., 1925, 127, 2273). Both forms of the tetrabromide 
were reduced by sulphurous acid and passed into the substitution 
derivative on boiling with dilute alcohol and acetic acid (i be . cit.). 
It is highly probable that the lower-melting tetrabromide is identical 
with that formed in the bromination of the phenylbenztMazple in 
glacial acetic acid solution, which usually commences to sinter at 
|j&fecmtl30 o . 

bromo-additive compounds of the benzthiazole series, like 
^feb ^-bromophenyltrimethylammomum perhalides (Read©, J. } 
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1924, 125, 150), decompose rapidly at the temperature of fusion 
(and frequently below this : J., 1925, 127, 2026), and therefore the 
melting point is not a real criterion of purity. For this reason, too 
much stress cannot be laid on the isolation of isomeric forms of the 
compounds, for the melting point (which is also the decomposition 
point) is appreciably affected by the crystalline form of the com¬ 
pound.* It is hoped to investigate this question more fully at an 
early date. 

Experimental. 

1 -Phenylbenzthiazole was prepared from benzylideneaniline by 
Bogert and Abrahamson’s method (loc. cit.). The finely crushed 
melt was added in a slow stream to boiling 60% sulphuric acid, 
and the resulting mixture boiled for an hour (water being added to 
make up for that lost by evaporation). The acid extract was 
filtered into cold water (10 vols.), and the precipitated base was 
washed, dried at 70°, dissolved in the minimum of boiling alcohol 
(to remove resinous material), and the filtered solution poured into 
cold water. The product, after drying, crystallised from light 
petroleum-alcohol (3 : 1) in pale yellow prisms, m. p. 114°, having 
the odour of geraniums and other properties described by Hofmann 
(Ber., 1879, 12, 2359). 

Bromination. (A). Phenylbenzthiazole (2 g.) dissolved in glacial 
acetic acid was gradually treated with bromine (Bogert and Abraham- 
son, loc. cit). The tetrabromide separated in red needles or prisms, 
which were dried in a vacuum over potassium hydroxide; m. p. 
137° after sintering at 130° (Found : Br, 60*6. Calc., Br, 60*3%). 
On boiling with dilute acetic acid or alcohol, 5-bromo-l-phenyl¬ 
benzthiazole was produced which crystallised from glacial acetic 
acid in shining prisms, m. p. 152°. 

Since this method of preparing the tetrabromide invariably 
gave resinous products, the bromination of 1-phenylbenzthiazole 
in chloroform was examined. 

(B). Phenylbenzthiazole (2 g.) dissolved in chloroform (30 c.c.) 
was gradually treated with bromine (2 c.c.), and the resulting solution 
boiled, and cooled in ice. On scratching, reddish-brown needles of 
phenylbenzthiazole tetrabromide separated which were dried in a 
vacuum over potassium hydroxide; m. p. 126° (decomp.) (Found : 
Br, 60*6. C 13 H 9 NBr 4 S requires Br, 60*3%). The filtrate from this 
compound, on concentration and cooling, furnished slender, orange 
needles of a second tetrabromide , which were dried as before; m. p. 
153° (decomp.) (Found : Br, 59*8%). 

* Thus specimens of l-anilinobenzthiazole tetrabromide crystallised from 
chloroform under different conditions may have melting points anywhere 
between 112° and 117° (Hunter, J., 1925, 127, 2025). 
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5- Nitro -1 -phenylbenzthiazole was obtained by the direct nitration 
of phenylbenzthiazole with nitric acid (d 1*5) and by nitration with 
a mixture of sulphuric acid and nitric acid (d 1*4) as described in 
the literature { loc. cit.). After two crystallisations from glacial 
acetic acid, the nitrobenzthiazole was obtained in small, orange 
prisms, m. p. 188°. In both cases the yield exceeded 90%. 

5-Nitro- 1 -'phenylbenzthiazole Dibromide .—5-Nitro-l-phenylbenz - 
thiazole was recovered unchanged after a saturated solution of 
the compound in glacial acetic acid had been treated with bromine. 
The nitrophenylbenzthiazole (2 g.) suspended in chloroform (40 c.c.) 
was gradually treated with bromine (2 c.c.); after | hour, the mixture 
was boiled and filtered, and the filtrate kept over-night. The 
somewhat pasty precipitate of the dibromide was collected and 
agitated with an ethereal solution of bromine, when vermilion 
prisms were obtained which were dried in the usual way. 
They softened at 120° and melted at 144° (Found: Br, 37*8. 
C 13 H 8 0 2 N 2 Br 2 S requires Br, 38*5%). The dibromide lost bromine 
on exposure to air and was reduced by sulphurous acid in the usual 
way. On boiling with dilute acetic acid, bromine was evolved with 
regeneration of the original nitrobenzthiazole. 

5-Bromo- 1 -phenylbenzthiazole Tetrabromide. —When 5-bromo-l- 
phenylbenzthiazole (1 g.) in chloroform (12 c.c.) was gradually 
treated with bromine (1*6 c.c.), a dark red solution was obtained 
which deposited red prisms of a tetrabromo-additive compound, 
m. p. 206—208° (decomp.) (Found: Br, 64*8. C 13 H s NBr 5 S 
requires Br, 65*6%). This compound was most unstable and lost 
bromine immediately on exposure to air; bromine was also eliminated 
with regeneration of the original 5-bromo-substitution derivative 
by boiling with dilute acetic acid, or by treating with sulphurous 
acid. By using a smaller quantity of bromine, red needles of another 
bromide were obtained which changed colour at 85°, became orange 
at 110°, and showed signs of loss of bromine at 175°; m. p. 208° 
(decomp.). The bromine content was that of a tribromo-additive 
compound [Found : Br, 60*9. (C 13 H 8 NBr 4 S) 2 requires Br, 60*4%]. 
This bromide had similar properties to the tetrabromide already 
described; it was converted into 5-bromo-1-phenylbenzthiazole 
by sulphurous acid or by boiling dilute acetic acid. 

B-Amino- 1 -phenylbenzthiazole, prepared by reduction of the 5- 
nitro-derivative {loc, cit.), on repeated crystallisation from boiling 
aniline or toluene, was obtained in small prisms, m. p. 208°, as 
recorded. In cases where the reduction had proceeded too vigor- 
D f^bns!y ? the product after crystallisation was very dark and resinous; 
fSbMBoogpte were therefore made to work up the base by way of the 
derivative (foe. cit.). The product separated from 
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alcohol in pale yellow plates, m. p. 190° (39° above the recorded 
temperature); the m. p. was unaltered by recrystallisation. 
5-Benzylideneamino-l-phenylbenzthiazole prepared from pure 
5-amino-l-phenylbenzthiazole had the melting point of 151° 
recorded in the literature. The nature of the high-melting 
product has not yet been investigated. 

5-Amino-I-phenylbenzthiazole Tetrabromide. —5-Amino-1 -phenyl- 
benzthiazole (1 g.) suspended in chloroform (30 c.c.) was gradually 
treated with bromine (1*1 c.c.) dissolved in a small amount of the 
same solvent; an ochre-coloured precipitate of the bromo-additive 
compound appeared on the addition of the first drop of halogen. 
The mixture was boiled and filtered, the residue digested with dry 
ether containing bromine, and the product dried in the usual way. 
A dark brown, microcrystalline powder was thus obtained which 
melted at 216° after showing colour change between 180° and 190° 
(Found: Br, 60*1. C 13 H l0 N 2 Br 4 S requires Br, 58*6%). The 
filtrate from this bromide, on slight concentration, furnished red 
prisms of another tetrabromide, m. p. 210—211°, which were dried 
in a vacuum as before (Found: Br, 60*3%). The brown tetra¬ 
bromide was remarkably stable to air and in this respect resembled 
the dibromide of 4'-amino-1 -phenyl-5-methylbenzthiazole (J., 
1925, 127, 1318). On boiling with acetic acid a red solution was 
obtained which deposited prisms of the second tetrabromide, m. p. 
210°. Both bromides were reduced in the usual way by sulphurous 
acid, etc. On boiling the red crystals with dilute acetic acid, a dark 
product was obtained; this was digested with dilute alkali, dried, 
and repeatedly extracted with boiling alcohol, which removed a 
purple impurity. The brown residue was washed with ether and 
dried. It appeared to be an impure bromo-substitution product 
and softened at about 170°; its analysis corresponded most closely 
with a di&romo-derivative (Found : Br, 39*3. C 13 H 9 N 2 Br 2 S requires 
Br, 41*8%). The purple alcoholic extracts on evaporation furnished 
a quantity of dark-coloured product insufficient for investigation. 

The experiments here described were commenced early in 1924 
with the object of studying the effect of the substitution of groups 
of varying polar and spatial character on the unsaturation of the fused 
thiazole nucleus. Since the work has been temporarily abandoned, 
it has seemed desirable to publish the results so far obtained. 

The author desires to express his gratitude to Professor J. F. 
Thorpe and Dr. M. A. Whiteley for the kind interest they have taken 
in this work. 

Imperial College of Science and Technology, 

South Kensington. [Received, October 21st, 1925.] 
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LXXIII .—Studies in Colour and Constitution . Part I . 
The Influence of the 3Iethylthiol Group, alone and 
in Conjunction with the M ethoxy-group. 

By Herbert Henry Hodgson and Frederick W illi am Handley . 


The superior bathoehromic influence of the methylthiol group in 
comparison with the methoxy-group was discovered by Brand 
(2?er., 1909, 42, 3463). The work of Waldron and Reid (J^. Amer. 
Ohem . Soc 1923, 45, 2399) and of Foster and Reid (ibid, 1924, 46, 
1936), however, indicated this influence was stronger or weaker 
than that of the methoxy-group according as the methylthiol 
group was in the para- or ortho-position with respect to it. 

Dyes were prepared from 2- and 4-thioanisidines by one of the 
authors (H. H. H.) in 1918 (Brit. Pat. 235334 of 1924), and his 
study of meta-halogenated phenols has afforded the opportunity 
of comparing the bathoehromic effects of the methylthiol and 
methoxy-groups in ortho- and para-positions, and vice versa, in the 
same amine. 

For this purpose, the action of sodium disulphide on 3-chloro-2-, 
-4-, and -6-nitrophenols (Hodgson and Moore, J., 1925, 127, 1925) 
has been investigated. No replacement of chlorine in the free 
phenols and in 3-chloro-2-nitroanisole took place, but the methyl 
ethers of 3-chloro-4- and -6-nitrophenols were readily converted 
into disulphides. These ethers were prepared in good yield by 
Haworth and Lap worth’s method (J., 1923, 123, 2986) and have 
been described by Hodgson and Moore (this vol., p. 157). Con¬ 
version of the disulphides into thioethers and subsequent reduc¬ 
tion produce respectively 4-anisidine-2- and 2-anisidine-4-methyl 
thioethers, in which the positions of the methoxy- and methylthiol 
groups are interchanged. 

Azo-dyes were prepared from the above amines with Schaffer 
salt, R-salt, and H-acid (in alkaline solution) as second components, 
and also, for comparison purposes, from 2- and 4-anisidines and 
2- and 4-thioanisidines. From the dyeings on wool, the colorimetric 
estimation of the dye solutions by the Lovibond tintometer, and the 


colours given by the solid dyes with concentrated sulphuric acid, 
the superiority of the bathoehromic influence of the methylthiol 
group in the para-position was found to be most pronounced. The 
methoxy-group in the Schaffer and R-salt dyes, however, exhibited 


the converse influence, i.e., it produced the optimum effect when it 
llp&s in the ortho-position. The o-methylthiol and p-methoxy- 
appear to produce the same effect. The maximum effect 
with-the p-methylthiol group in conjunction with an 
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o-methoxy-group, viz., very pronounced violet colour with the 
Schaffer and R-salt dyes and an almost indigo-blue colour with 
the H-acid dye. Chlorine exerts the same influence as the methylthiol 
group, but to a less degree; the shades, however, are brighter. 
In all cases the dyes from 4-thioanisidine are the strongest in 
tinctorial power. 


Experimental. 

Z-GhloroA- and - 6-nitroanisoles .—The respective chloronitro- 
phenols (8 g.) dissolved in xylene (40 c.c.) were heated under reflux 
on the water-bath for 8 hours in presence of potassium carbonate 
(10 g.), and methyl sulphate (10 c.c.) was gradually added. The 
mixture was rendered strongly alkaline and steam-distilled; xylene 
and a little ether passed over first and were followed by the main 
bulk (yield 7 g.; 81%). 

4:-Chloro-2- and 2-CMoroA-anisidines.—The above ethers (1 g.) 
were each heated under reflux on the water-bath with concentrated 
hydrochloric acid (5 c.c.) and water (15 c.c.), with gradual addition 
of granulated tin (3 g.). After the ether had dissolved, the mixture 
was made alkaline and the products were removed by steam dis¬ 
tillation. For convenience, the hydrochlorides were prepared 
(yield 0-8 g.). They formed long needles, m. p. 238° and 228°, 
respectively (Found : Cl, 36*4 and 36*5. C 7 H 8 0NC1,HC1 requires 
Cl, 36*6%). 

2 : 2 '-Dinitro- and 4 : 4 '-Dinitro- 5 : 5'- dimethoxydipTienyl Di¬ 
sulphides. —3-Chloro-4- and -6-nitroanisoles (8 g.) were each dis¬ 
solved in alcohol (50 c.c.) and gently boiled under reflux during the 
cautious addition of aqueous sodium disulphide (crystallised sodium 
sulphide, 6 g.; sulphur, 0*8 g.; water, 40 c.c.); heating was then 
continued for 4—5 hours. The respective disulphides separated 
and the contents were filtered hot, unchanged nitroanisole being 
removed by warm alcohol (yield 6*5—7 g.; 88—90%). 

2 : 2' -Dinitro-5 : 5' -dimeihoxydiphenyl disulphide is insoluble in 
water, alcohol, or benzene, but soluble in carbon disulphide or 
glacial acetic acid, from which it crystallises in white needles, 
m. p. 152° (uncorr.); these rapidly turn yellow in sunlight (Found : 
N, 7*4; 8,18-0. C 14 H 12 0 6 N 2 S 2 requires N, 7*6; S, 17*4%). The 
last trace of free sulphur was retained even after repeated crystallis¬ 
ation. Concentrated aqueous or alcoholic alkali hydroxides give 
violet-red solutions. Concentrated sulphuric acid gives a pale 
yellow solution in the cold, unchanged by moderate heating or 
dilution. Chlorosulphonic acid gives a crimson solution in the cold, 
which becomes yellow on heating and remains so on dilution, 
whilst oleum (23% S0 3 ) produces a brownish-yellow colour, which 

t* 2 
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changes to yellow on heating and lemon-yellow on subsequent 
dilution. 

4: 4c'-Dinitro-5 : o'-dimethoxydiphenyl disulphide resembles the 
preceding isomeride in solubility. It crystallises from glacial acetic 
acid in white, glistening micro-plates, m. p. 194° (uncorr.) (Found : 
N, 7*6; S, 17*9%). The solutions in alkalis are deep red. Con¬ 
centrated sulphuric acid produces an orange-yellow colour in the 
cold, which becomes successively red, brown, and green on heating, 
and brownish-purple on subsequent dilution. Chlorosulphonic 
acid or oleum (23%) produces a green colour in the cold, which 
changes to reddish-brown on heating; a reddish-brown precipitate 
forms on dilution. 

2-Nitro- and 4 ~Nitro-6-methoxythioanisoles .—The above disulphides 
(2 g.) were each heated on the water-bath for 15 minutes with alcohol 
(10 c.c.), crystallised sodium sulphide (1 g.), sodium hydroxide 
(2-4 g.), and water (10 c.c.). The mixture was then stirred into 
water (35 c.c.), filtered if necessary, and warmed with methyl 
sulphate (2—2-5 c.c.), when the thioanisole separated (yield 2 g.; 
92%). 

2-Nitro-5-methoxythioanisole is insoluble in cold but slightly 
soluble in hot water and is very slowly volatile in steam. It 
crystallises from alcohol in yellow needles, m. p. 112—113° (uncorr.), 
and is very slowly decomposed by nitric acid (Found: If, 7*2. 
C 8 H 9 0 3 NS requires N, 7*0%). The crimson solution in concentrated 
sulphuric acid becomes violet on heating and thereafter yellow on 
dilution. The corresponding colorations produced by oleum (23%) 
and chlorosulphonic acid are blood-red, reddish-brown and yellow, 
and blue, violet and yellow, respectively. 

4:-Nitro- 5 -Tneihoxythioanisole resembles the preceding isomeride 
in solubility and volatility in steam, but crystallises from alcohol 
in paler yellow needles, m. p. 79—80° (uncorr.) (Found : N, 6*9%). 
The colorations produced by solution, heating, and subsequent 
dilution are: for concentrated sulphuric acid, scarlet, blood-red 
to reddish-violet, blood-red; for oleum, chocolate-brown, blood-red, 
yellow; for chlorosulphonic acid, red, orange, yellow. 

2-AnisidineA-metbyl- and 4-Anisidine-2-methyl TMoethers .—The 
respective nitro-compounds (2 g.) were heated under reflux with 
granulated tin (4 g.), concentrated hydrochloric acid (10 c.c.), and 
water (10 c.c.) until all had dissolved. The solution was made 
distinctly alkaline with sodium hydroxide and steam-distilled. 
| s In both cases, the bases passed over as oils, but only 2-anisidine-4- 
methyl thioether crystallised on standing. The 4-anisidine isomeride 
^ into the hydrochloride. 

2~Anisidine-4:-7neihyl thioeiher is very soluble in alcohol and 
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crystallises from water in white, feathery needles, m. p. 44° (uncorr.), 
which become discoloured in air (yield 1*3 g.; 77%) (Found : N, 
8-5; S, 19*1. C 8 H n ONS requires N, 8-3; S, 18*9%). Concentrated 
sulphuric acid gives a yellow solution which remains unchanged 
on heating or dilution. The pale violet solution in oleum changes 
to deep violet on warming, but becomes colourless on prolonged 
heating. 

The hydrochloride crystallises from hydrochloric acid in colourless 
needles which turn pink in air; m. p. 235° (approx.) (Found: 
Cl, 17*5; S, 15*2. C 8 H n ONS,HCl requires Cl, 17*3; S, 15*6%). 

4:-Ani$idine-2-methyl thioether is an oil which is very soluble in 
alcohol, but only slightly so in water. Concentrated sulphuric acid 
gives a violet solution in the cold, which becomes reddish-violet 
on heating. The corresponding colorations with oleum and ehloro- 
sulphonic acid are blue-violet and reddish-purple and purple and 
reddish-purple, respectively. 

The hydrochloride forms white needles, m. p. 210—211°, which 
become steel-grey on exposure to light (Found : N, 7*4; Cl, 17*25; 
S, 15*3. C 8 H n ONS,HCl requires N, 7*0; Cl, 17*3; S, 15*6%). 

The Dyes. —These were prepared in the usual way and sodium 
chloride was removed as completely as possible. 

Dyeing trials . Wet strips of wool (2*5 g.) were introduced into 
a bath of water (250 c.c.) containing the dyes (0*025 g.), sodium 
sulphate (0*25 g.), and sulphuric acid (0*05 g.). The solution 
was gradually heated to the boiling point and there maintained until 
the dyeing was complete. 

Dye solutions. These were evaluated ih terms of red, yellow, and 
blue components by means of the Lovibond tintometer. 

The colours produced by sulphuric acid on the dry dye powders 
were also examined. 

For convenience, the dyes are referred to by the attached numerals, 
which indicate the particular amine employed: 2-anisidine (I), 
4-anisidine (II), 4-chloro-2-anisidine (III), 2-chloro-4-anisidine (IV), 
2-anisidine-4-methyl thioether (V), 4-anisidine-2-methyl thioether 
(VI), 2-thioanisidine (VII), 4-thioanisidine (VIII). 

The order of increasing redness is from left to right. 

Results. 

Dye. Experiment. Order. 

From Schaffer Salt. Wool dyeing. V, VIII, I, III, VII, IV, II, VI. 

(Bed- violet) ( Red ) (Scarlet to orange) 

Lovibond. V, VIII, VI, III, I, IV, VII, II. 

„ „ „ Sulphuric acid. VIII, V, VII, VI, IV, II, HI, I. 

( Blue ) ( Violet ) ( Crimson ) 

„ R-Salt. Wool dyeing. V, VHI, III, I, VI, II, VII, IV. 

(Violet) (Bluish- (Red with gradual increase of 
red) yellow) 
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Dye. Experiment. Order. 

FromR-Salt. Lovibond. V, VIII, III, I, VI, IV, II, VII. 

„ „ Sulphuric acid. VIII, V, VII, VI, IV, II, HI, I. 

( Blue ) ( Violet ) ( Crimson ) 

„ H-Acid. Wool dyeing. V, VIII, VI, U, VII, III, IV, I. 

(Indigo- ( Red-violet ) ( Violet-red ) 
blue) 

„ „ Lovibond. V, VI, VII, VIH, IV, I, II, III. 

„ „ Sulphuric acid. VHI, V, IV, VI, II, in, I, VII. 

( Blue ) ( Violet ) 

The authors desire to thank Mr. H. Wilkinson for advice with 
respect to the Lovibond estimations, and the British Dyestuffs 
Corporation for gifts of chemicals. 

Technical College, Huddersfield. [Received, October 26 th, 1925.] 


LXXIV .—lodination in the Carbazole Series . 

By Stanley Horwood Tucker. 

Oxidation of carbazole brought about the formation of the two 
dicarbazyls described by Perkin and Tucker (J., 1921, 119, 216). 
Attempts to synthesise these compounds and their possible iso- 
merides have led to the preparation of iodo-derivatives of carbazole 
and of its alkyl and acyl compounds. Except the iodo-compounds 
described by Stevens and Tucker (J., 1923,123, 2146) and Tucker 
(J., 1924, 125, 1144), the only one prepared was di-iodocarbazole 
(Classen, D.R.-P. 81929, 1894). Classen’s description of it is 
inaccurate. 

3-Iodocarbazole has been synthesised from 3-aminocarbazole 
(Tucker, loc. cit.). It has now been obtained directly from carbazole 
by the action of potassium iodide and iodate in glacial acetic acid 
solution, working according to the equation 3C 12 H 9 N + 2KI -f 
ET0 3 + 3CB^C0 2 H = 3C 12 H 8 NI + 3H 2 0 + 3CH 3 *C0 2 K, except 
that potassium iodate and acetic acid are used in excess. The 
iodine at first liberated is gradually used up and the solution finally 
becomes colourless. The 3-iodoearbazole so obtained is mixed with 
considerable quantities of di-iodocarbazole. Much of the 3-iodo- 
carbazole can be separated by crystallisation, but to obtain the 
di-iodocarbazole it is necessary to utilise the acetyl or benzoyl 
derivative. 

ip^.-The. di-iodocarbazole described by Classen, and prepared by a 
4 ^ f ^ent method from the above, was alleged to be yellow, and to 
184°; repetition of his work gave only colourless di-iodo- 
m. p. 202—204°. The di-iodocarbazole is almost cer- 
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tainly 3 : 6-di-iodocarbazole by analogy with other disubstitution 
products of carbazole. 

Iodination of 9-methyl and 9-ethylcarbazole by the above method 
likewise gives the respective 3-iodo- and di-iodo-compounds. 

like carbazole and the 9-alkylcarbazoles, 9-benzoylearbazole 
may be iodinated by means of potassium iodide and iodate in glacial 
acetic acid to give a corresponding yield of its 3-iodo-derivative, but 
the discharge of the iodine coloration is much less rapid, viz., 
10 minu tes for carbazole (less for the 9-alkylcarbazoles) and 
75 minutes for 9-benzoylcarbazole. Incomplete iodination of 
9-toluene-^-sulphonylcarbazole took place under similar conditions 
in 2 hours. Iodination of 9-acetylcarbazole did not proceed to 
any appreciable extent. Judged, therefore, by this process of 
iodination, resistance to replacement of hydrogen in the carbazole 
nucleus increases in the order 9-alkylcarbazoles, carbazole, 
9-benzoyl-, 9-toluene -p - sulphonyl -, and 9-aeetyl-carbazole. All 
may be iodinated by the action of the more vigorous iodinating 
reagent, iodine and nitric acid in glacial acetic acid (Datta and 
Chatterjee, J. Amer. Chem. Soc 1919, 41, 292). The 9-alkyl¬ 
carbazoles and carbazole give at once iodonitro-compounds. 

There is no evidence of the formation of any 1-iodo-derivatives. 

Experimental. 

Iodination of Carbazole .—(i) Using potassium iodide and potassium 
iodate in glacial acetic acid . Pure * carbazole (16-7 g.) was dissolved 
in boiling glacial acetic acid (250 c.c.), and potassium iodide (11 g.) 
added. The solution was cooled somewhat, finely-powdered 
potassium iodate (16 g., i.e., approximately twice the amount 
theoretically required) added, and the mixture then boiled until it 
acquired a clear straw-coloured tint (10 minutes). The hot solution 
was decanted from the undissolved potassium iodate and allowed 
to cool slowly to 45°. The faintly brown, nacreous plates which 
separated were rapidly filtered off and recrystallised from glacial 
acetic acid (or alcohol), the solution being allowed to cool to 45° 
and filtered as before from the white, nacreous plates (10—12 g.) 
of 3-iodoearbazole, m. p. 192—194°. From the united filtrates, 
on standing, there separated 3 : 6( 2 .ydi-iodocarbazole, m. p. 202— 
204° (Found : I, 60-6. C 12 H 7 NI 2 requires I, 60*6%), but since the 

* The yield of 3-iodocarbazole is considerably diminished if the carbazole 
used is impure. Pure carbazole exhibits a faint violet fluorescence, and 
melts at 238° ’when the melting point is taken in the usual way with a long 
emergent stem; when taken with a short Anschutz thermometer having the 
stem immersed, the m. p. is 245° (compare Graebe and Glaser, Ber., .1872* 
5, 12; Tauber, ibid., 1891, 24, 2597; Kirby, J. Soc . Chem. Ind ., 1921, 40, 
274t; Senseman and Nelson, Ind. Eng . Chem., 1923, 15, 382). 
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quantity was very small it was found better to proceed thus : The 
united filtrates were poured into water and the white precipitate 
was dried (16-5 g.). Crystallisation of this product from various 
solvents did not raise the melting point above 160°. Accordingly, 
the material was boiled with acetic anhydride and a trace of con¬ 
centrated sulphuric acid. After a short time, a white, crystalline 
precipitate suddenly separated. It was washed with boiling glacial 
acetic acid and recrystallised several times from benzene. 
8 : 6( %)-Di-iodo-9-(zceiylcarbazole was thus obtained in long, colour¬ 
less needles, grouped in porcupine-like tufts, m. p. 224—225° 
(Found: I, 55*4. C^HgONIg requires I, 55*1%). The acetic 
anhydride filtrate was poured into water, and the precipitate pro¬ 
duced was crystallised from glacial acetic acid. Colourless needles 
separated in rosettes very like those of 3-iodo-9-acetylcarbazole 
(m. p. 145—147°), but repeated crystallisation from glacial acetic 
acid, alcohol, and benzene-light petroleum failed to raise the melting 
point above 133—137°. However, by boiling this material with 
alcoholic potassium hydroxide solution for a few minutes, pouring 
into water, and recrystallising the precipitate from glacial acetic 
acid as described under the isolation of 3-iodocarbazole, a good 
yield of pure 3-iodocarbazole was obtained. 

The separation of 3-iodocarbazole and 3:6-di-iodocarbazole 
can also be effected by benzoylation.* The product (16*5 g., 
obtained after removal of 3-iodocarbazole by preliminary crystal¬ 
lisation) was dissolved in acetone (100 c.c.), and powdered potassium 
hydroxide (12 g.) added. The mixture was boiled, allowed to cool 
slightly, and benzoyl chloride (10 c.c.) added slowly; a vigorous 
reaction took place. The liquid was swirled round after each 
addition of benzoyl chloride, but not shaken vigorously until the 
end; it was then poured into water. The pale brown oil at first 
precipitated, which solidified to a pasty, white solid, was dissolved 
in acetone. The crystals which separated were much less soluble 
in acetone than the crude material, and were best recrystallised 

* The method of benzoylation of carbazole (Stevens and Tucker, loc. cit 
p. 2146} proceeds as given for the quantities used, but with larger quantities 
of carbazole (16-7 g., e.g.) vigorous shaking must be avoided; the liquid, 
after addition of benzoyl chloride, should be gently swirled, and only shaken 
finally. (The author is indebted to Mr. A. Kent, M.A., B.Sc., of this Depart- 
ment, for this observation.) To separate 9-benzoylcarbazole from unchanged 
carbazole, the mixture is dissolved in benzene and allowed to cool; carbazole 
then separates, and more is obtained by concentrating the filtrate to half- 
t -holk; The benzene (in which 9-benzoylcarbazole is very soluble) is evaporated 
j|gg4 the residue crystallised from much alcohol. Pure 9-benzoylcarbazole, 
^ °k tain f d * If ca ibazole is not thus removed, the m. p. of the 
' does not rise above 90° even after repeated crystallisation. The 

, above applies generally to all benzoylations described in this paper. 
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from pyridine to which a drop of water was added, or from carbon 
tetrachloride, giving 3 : 6-di-iodo-9-benzoylcarbazole, m. p. 204—205° 
(Found : I, 48'9. C 19 H 11 ONI 2 requires I, 48*6%). Concentration 
of the acetone filtrate gave a further crop, the total yield of pure 
material being 3*2 g. The very concentrated acetone filtrate 
deposited 3-iodo-9-benzoylcarbazole (0*8 g.), m. p. 145—146° (Found : 
I, 31*9, CisH^ONI requires I, 32*0%). A thick, brown oil was 
left. When macerated with cold glacial acetic acid, much dissolved; 
but a yellow powder remained insoluble. After several crystal¬ 
lisations from carbon tetrachloride or light petroleum, it melted at 
184—186°, but appears to be 3-iodocarbazole (0*2 g.). 

(ii) Using iodine and yellow mercuric oxide in alcohol (Classen, 
loc. tit.). Classen’s procedure was followed as described, then the 
product was recrystallised three times from carbon tetrachloride, 
and red crystals were obtained, m. p. 201 —204°. These were boiled 
in glacial acetic acid with animal charcoal, and recrystallised from 
alcohol in colourless, long, rectangular laminae of 3 :6-di-iodo- 
carbazole, m. p. 202—204°. 

3-lodo-9-acetylcarbazole .—The best method of preparing this 
compound is acetylation of 3-iodocarbazole (Tucker, loc. tit.); but 
it is readily prepared from 9-acetylcarbazole thus : 9-Acetylcarbazole 
(2 g.) and iodine (1 g.) were dissolved in glacial acetic acid (40— 
50 c.c.), the solution cooled to about 60°, and a solution of 2 c.c. of 
concentrated nitric acid in 8 c.c. of glacial acetic acid added drop, 
by drop. When 1 c.c. of the solution had been added, the mixture 
was boiled and the addition of the nitric acid solution continued 
at intervals during the boiling until the iodine coloration had just 
vanished. Yellow crystals separated on cooling. They recrystal¬ 
lised from glacial acetic acid, and from alcohol, in colourless crystals, 
slightly soluble in light petroleum. Attempts to iodinate 9-acetyl¬ 
carbazole by means of iodide and iodate, as for the iodination of 
carbazole, showed that after several hours’ boiling some iodine had 
been used up, but no iodo-compounds could be isolated. 

3 : 6( ? )-Di-iodo-9-acetylcarbazole was prepared from 3 : 6( ?)-di- 
iodocarbazole by boiling with acetic anhydride containing a trace 
of concentrated sulphuric acid. The solution set at once to a pure 
white solid, which crystallised from benzene, much glacial acetic 
acid, or alcohol in clusters of long needles, m. p. 224—225°. It was 
readily hydrolysed by boiling alcoholic potassium hydroxide solution 
to 3 : 6-di-iodocarbazole. 

2-Iodo-9-benzoylcarbazole was prepared (a) from 3-iodocarbazole 
by the method described under the separation of 3-iodocarbazole 
and 3 : 6-di-iodocarbazole. Using theoretical quantities (2*9 g. of 
3-iodocarbazole, 1*4 g. of benzoyl chloride, and 0*6 g. of solid 
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potassium hydroxide in 20 c.c. of acetone), the yield was practically 
as good. Twenty-five per cent, of the 3-iodocarbazole was recovered; 
(6) from 9-benzoylearbazole—(i) 9-Benzoylcarbazole (4 g.), potass¬ 
ium iodide (1-6 g.) and potassium iodate (excess) in glacial acetic 
acid (40 c.c.) were boiled until the solution became colourless 
(1J hours). It was then decanted from unchanged iodate into 
water, and the salmon-pink, powdery solid recrystallised from 
acetone. The yield of pure 3-iodo-9-benzoylearbazole was 2*2 g. 
A small amount, m. p. 201°, was obtained from the residues by 
crystallisation from pyridine. It is therefore probably 3 : 6-di-iodo- 
9-benzoylcarbazole: (ii) 9-Benzoylcarbazole (5-4 g.) and iodine 
(2*5 g.) were dissolved in glacial acetic acid (100 c.c.), and a solution 
of nitric acid in acetic acid was added as in the preparation of 
3-iodo-9-acetylcarbazole. The solution became clear in about 
20 minutes, was poured into water, and the precipitated yellow 
solid crystallised from pyridine with addition of a drop of water. 
The crystals so obtained dissolved in alcohol except a small 
amount of insoluble, white substance, which, after recrystallisation 
from pyridine, melted at 204—205° and was 3 : 6-di-iodo-9-benzoyl- 
carbazole. The alcoholic filtrate therefrom deposited 3-iodo-9- 
benzoylcarbazole. It crystallised well from alcohol, but the crystals 
were ill-defined and resembled seaweed in shape and arrangement. 
On certain occasions when the alcoholic solutions were left standing, 
the crystals assumed a plate shape, but this could not be repeated 
at will. The acetone solution of 3-iodo-9-benzoylcarbazole deposited 
clusters of very long needles, which could he removed and were 
stable out of the solution, whereas the crystals remaining in solution, 
if scratched, immediately changed into thick, six-sided plates. 
The acetone solution usually deposited a mixture of needles and 
plates. Pyridine, in which it is very soluble, and light petroleum, 
in which it is soluble with difficulty, also gave plate crystals. It 
is sparingly soluble in glacial acetic acid, bnt crystallisation there¬ 
from does not purify the substance. Benzene and carbon tetra¬ 
chloride solutions gave small, colourless crystals. The two crystal¬ 
line forms mentioned above melted at 145—146°, and a mixed 
hi. p. was unchanged. The substance is therefore dimorphic. 
Exposure to light turns it faintly brown; a property possessed also 
by 9-benzoylcarbazole, It is readily hydrolysed to 3-iodocarbazole 
by alcoholic potassium hydroxide solution. 

3 ; §-Di-iodoS-benzoylcarbazole .—3 : 6-Di-iodocarbazole (I g.) was 
treated with benzoyl chloride (0*6 g.) and potassium hydroxide 
||J*5 g.) in acetone (20 c.c.) in the usual way. 3:6-Di-iodo-9- 
ft^zoylcarbazole was precipitated, and after washing with hot 
m, which 3 : 6-di-iodocarbazole is very soluble, was obtained 
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pure (0-8 g.), m. p. 204—205°. A mixed m. p. with 3: 6 -di-iodo- 
carhazole (m. p. 202—204°) was much lower. It crystallises best 
from a dilute solution in pyridine, to which a few drops of water 
are subsequently added, in long rods. It is much less soluble in 
carbon tetrachloride, and soluble with difficulty in acetone, from 
which microcrystals are obtained. It is readily hydrolysed by 
alcoholic potassium hydroxide solution to 3 : 6 -di-iodocarbazole. 

3 - Iodo - 9 - toluene - p - sulphonylcarbazole was prepared thus : 
(i) 3-Iodocarbazole (1-5 g.), toluene-p-sulphonyl chloride (1-0 g.), 
and potassium hydroxide (0*3 g.) in acetone (10 c.c.) were boiled 
together for 10 minutes, and poured into water. The precipitated 
solid crystallised from alcohol, in which it was sparingly soluble, in 
colourless, diamond-shaped rhombs (1*3 g.), m. p. 170—171° 
(Found: I, 28*5. C 19 H 14 0 2 NIS requires I, 28*4%). 3-Iodo- 
carbazole (0*3 g.) was recovered from the alcoholic filtrate. 3 -Iodo- 
9-toluene-p-sulphonylcarbazole is easily soluble in cold pyridine, 
hot acetone, benzene, glacial acetic acid, ethyl acetate, aniline, or 
carbon tetrachloride, and less soluble in light petroleum, from all 
of which it crystallises, but best from acetone, benzene, alcohol- 
acetone, or alcohol-pyridine, (ii) 9-Toluene-^-sulphonylcarbazole * 
( 2*6 g.) and iodine ( 0*8 g.) were dissolved in glacial acetic acid 
(50 c.c.), and a solution of nitric acid in glacial acetic acid (usual 
strength) was slowly added to the boiling solution. In 10 minutes, 
about 3 c.c. of the nitric acid solution had been added, and the 
solution was free from iodine coloration. The pale yellow solution 
poured into water gave a canary-yellow solid, which was extracted 
with alcohol. A white, insoluble portion crystallised from 
much glacial acetic acid in colourless needles, m. p. 257°. It 
is 3 : §-di4odo-§-toluew-p-sulplwnylmrbazole (Found: I, 43*7. 

requires I, 44*3%). The alcoholic extract deposited 
impure 3-iodo-9-toluene-jp-sulphonylcarbazole, a substance melting 
at 175°, and colourless rods melting at 118—121° (Found : I, 11*4; 
M, by Rast’s method, 334. A mixture of 9-toluene-^)-sulphonyl- 
carbazole and 3-iodo-9-toluene-^-sulphonylcarbazole, C 19 H 15 0 2 NS 
+ c i 9 Hi 4 ° 2 ^ s > requires I, 16*5%; Af, 384). 

(iii) 9-Toluene-jp-sulphonylcarbazole (1 g.) was boiled with 
potassium iodide (0*34 g.) and excess of potassium iodate in glacial 
acetic acid (10 c.c.) for several hours, but the iodine coloration did 
not disappear. In another experiment, using half the quantity of 

* Compare footnote on benzoylation of carbazole. Application of the same 
method of removal of carbazole after preparation of 9-toluene-p-sulphonyl- 
carbazole produced the latter in large, colourless, prismatic crystals, softening 
at 128°, and giving a clear melt at 133° (compare Cassella, D.R.-P. 224961, 
1909; Herz, A.P. 966092, 1910). 
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potassium iodide, tlie colour was discharged in 2 \ hours and a nearly 
theoretical yield of the substance (m. p. 118—121°) mentioned 
undeT (ii) was obtained. 

3: 6 - Di - iodo - 9 - toluene - p - sulphonylcarbazole . —9-Toluene-p- 
sulphonylcarbazole (2-5 g.), iodine (2-0 g.), and glacial acetic acid 
(50 c.c.) were boiled together during addition of nitric acid in acetic 
acid (usual strength) until the iodine colour disappeared (45—60 
minutes). Before the colour had vanished, needle-shaped crystals 
began to separate. The mixture was allowed to cool; the separated 
crystals crystallised from glacial acetic acid and then from benzene 
in tetrahedral prisms, m. p. 257°. It is only slightly soluble in 
glacial acetic acid, carbon tetrachloride or acetone, but readily 
soluble in hot benzene. 

Iodination of 9-Methylcarbazole. —The methylation of 3-iodo- 
carbazole has been described (Stevens and Tucker, loc. cit. , 2146). 
Iodination of 9-methylcarbazole was effected as follows : 9-Methyl- 
carbazole (0*8 g.), potassium iodide (0*47 g.), and excess of potassium 
iodate were boiled in glacial acetic acid (10 c.c.) for 2 minutes, in 
which time a green solution was obtained. By the usual treatment 
there were separated in small quantity by means of alcohol 3-iodo- 
9-methylearbazole and a product, m. p. 181°. The latter is 3 : 6 ~di~ 
iodo-9-methylcarbazole (Found: I, 58*6. C 13 H 9 ]SH 2 requires I, 
58*7%). It was also prepared by the action of methyl sulphate 
on 3 : 6-di-iodocarbazole in presence of acetone and solid potassium 
hydroxide. It is readily soluble in glacial acetic acid, very sparingly 
soluble in alcohol, and, although sparingly soluble, crystallises from 
acetone in long, thin rods, m. p. 181—182°, 

Iodi7iation of 9-i2Z%fcar&azofe.^9-Ethylcarbazole (19*5 g.) and 
potassium iodide (11*0 g.) were dissolved in glacial acetic acid 
(200 c.c.), and potassium iodate (16 g.) was added in portions to the 
hot solution. A gentle reaction set in, and the colour soon gave 
place to green. The solution was poured into water, and a pasty 
solid possessing a silky sheen was deposited. This was dissolved 
in excess of glacial acetic acid. In sufficiently dilute solution, no 
oil separated, but impure green crystals (11 g.), m. p. 71°. The 
filtrate from these on concentration deposited colourless crystals, 
m. p. 80° (3*5 g.). By further concentration, a final crop (5*5 g.) 
of green crystals, m. p. 140—144°, was obtained. The crystals, 
I m. p. 80°, were purified by recrystallisation from glacial acetic acid 
; or alcohol, and separated in long needles, m. p. 83—84°, identical 
3-iodo-9-ethylcarbazole (Stevens and Tucker, loc. cit). The 
crystals, m. p. 140—144°, crystallised from much glacial 
aoetae acid and finally from alcohol in colourless needles, m. p. 152— 
I 153®, and were shown to be 3 : Q-di-iodo-9-ethylcarbazole (Found : 
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I, 56*9. C 14 H 1:l NI 2 requires I, 56*8%). It is only slightly soluble 
in alcohol or in glacial acetic acid. 

3-Iodo-9-isopropylcarbazole was prepared by Mr. W. H. Chalmers, 
B.Sc., A.I.C., by boiling a mixture of 3-iodocarbazole (2 g.), isopropyl 
iodide (4 g.), and potassium hydroxide (2 g. in 1 c.c. of water) in 
acetone (6 c.c.) for 6 hours. The usual procedure, and crystal¬ 
lisation of the product from glacial acetic acid, gave white, silvery 
leaflets, m. p. 95—97° (Found: I, 38*2. C 16 H 14 NI requires 
I, 37*9%). 

3-Iodocarbazole could not be obtained from carbazole by the 
action of iodine and nitric acid in glacial acetic acid. It crystallises 
well from light petroleum, and is very soluble in benzene, pyridine, 
or acetone. As already stated, it is best crystallised from carbon 
tetrachloride or glacial acetic acid. 

3 : ft-Di-iodocarbazole, isolated in small yield in the iodination of 
carbazole, was prepared from carbazole by method (i), using twice 
the quantity of potassium iodide used to obtain monoiodocarbazole, 
and proceeding as before. Purification of the pink product was 
difficult, but it was effected as given under the mercuric oxide 
experiment, method (ii). It was found best, in order to obtain 
pure 3: 6-di-iodoearbazole, to acetylate or benzoylate the material 
(as described above), and hydrolyse the product with alcoholic 
potassium hydroxide solution. 3:6-Di-iodocarbazoIe is very 
soluble in acetone. It crystallises best from glacial acetic acid or 
alcohol, in long laminae. 

Uotvbrsity of Glasgow. [Received, November 13 th, 1925.] 


LXXV .—Optical Activity and the Polarity of Substituent 
Groups . Part III . Menthyl Acetophenone-o - 

carboxylate. 

By Harold Gordon Rule and John Smith. 

In certain cases it has now been established that the influence of 
substituents on the optical rotatory power of an organic compound 
is similar to their influence on acidity. This has been shown to hold 
true for the condensation products of an optically active base with 
substituted benzaldehydes (Betti, Oazzetta, 1923, 53, 417) and for 
the menthyl esters of monosubstituted acetic acids (Rule and Smith, 
J., 1925, 127, 2188). 

On the other hand, the menthyl esters of substituted benzoic 
acids prepared by Cohen reveal an influence of a quite different type. 
Here the relative changes in rotation produced by a number of simple 
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ortho-substituents (substitution in the m- or ^-position has little 
efieet) are given by N0 2 >G0 2 H>H>I>GH 3 >Br>Gl>F>0«CH 3 . 
As has already been pointed out (Rule, J., 1924, 125, 1122; Rule 
and Paterson, ibid., 2159), this series is in very close agreement 
with the relative polarity of the groups as deduced from the mole¬ 
cular inductive capacities of compounds, and with the relative effect 
of the substituents on the nitration of benzene as we pass from the 
strongly positive (meta-directive) nitro-group to the strongly nega¬ 
tive (para-directive) fluoro-group. 

Only two positive groups occur in the above series and, un¬ 
fortunately, few other simple groups of this type can be readily 
tested in the case of the menthyl benzoates. Acetophenone-o- 
carboxylic acid, however, is a comparatively accessible compound 
and figures are available relating to the influence of the acetyl group 
on benzene substitution. 

It has been shown by Camps (compare Holleman, “Die direkte 
Einfuhrung von Substituenten/ 5 1910, p. 190) that when aceto¬ 
phenone is nitrated at 15° it yields a mixture of about 55% of the 
m -compound and 45% of the o-compound. Comparing these fig ures 
with those previously quoted for the nitration of nitrobenzene and 
of benzoic acid (Rule and Paterson, loc. cit.), we obtain: 


X0 2 . C0 2 H. CO'CBDj, 

ra-Cornpound. 93 76 65% 

The determination of the relative polarity of the acetyl group from 
molecular inductive capacity data is inconclusive, as will be seen 
from the following values (X = CH 3 *CO) : 


Series. 

HX. Acetaldehyde. 

EfcX. Methyl ethyl ketone. 
C c H 5 X. Acetophenone. 


Dielec. Mol. ind. 

const. Density. capac. 

18*5. 0*80 10-1 

17- 8 0-81 15*8 

18- 1 1*03 21*0 


On comparing these figures with those calculated by Rule and 
Paterson {loc. cit.}, it is found that the m-directive groups fall into 
the order: 


HX. 

— 

ON, 

CO a H, 

co*ch 3 , 

H. 

EfcX. 

sro 2 , 

CX, 

CO*CH SJ 

co 2 h, 

H. 

c 6 h 5 x. 

no 2 , 

CN, 

co*ch 3 . 

co 2 h, 

H. 


From the evidence of the benzene substitution data, which is 
|partly supported by that of inductive capacity, it may be con- 
lidded that the acetyl group falls between the carboxyl group and 

■BA menthyl -ester of acetophenone-o-carboxylic acid has now been 
and the optical properties of the compound have been 
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examined for sodium light and that of the three chief mercury lines. 
Owing to the slight yellow colour of the melt, the rotation of the 
fused ester could only be determined over the range X D to X gr , but the 
rotatory power in benzene and in acetone solution was examined 
over the range X D to \ Ti . The values of 1/a when plotted against X 2 
gave straight lines. In addition, the dispersion ratio for the 
fused ester at 94° and for solutions in benzene and acetone at the 
ordinary temperature remained approximately constant in the 
neighbourhood of 1*213. It may therefore be concluded that the 
compound exhibits normal and apparently simple rotatory dis¬ 
persion in this region of the spectrum. The molecular rotations 
were as follows: fused ester, [M ]Sf = —261°; in benzene (5%), 
[M]^ = -284°; in alcohol (2%), [M ]g' 6 * = - 267°; in acetone 
(6%), [I]f = - 253°. 

Like other positive o-substituents, the acetyl group therefore 
brings about an increase in the rotation of menthyl benzoate. The 
influence of various o-substituents in this case is summarised in the 
following table, in which the additional figures for the molecular 
rotations were determined by Cohen and those for the dispersion 
ratios by Pickard and Kenyon : 


Substit. 

N0 2 . C0 2 H. CO-CH 3 

. H. 

I. ch 3 . 

Br. 

Cl. 


OCH s . 


— 381* 

332f 

261f 

239 

237 231 

205 

195 

194 

148 

agr/a* 

1*26 

1*21 

1*21 

1*18 

1*19 — 

— 

— 

1*18 

— 

* 

At 65°. 



f In solution. 


i At 

94°. 



The remarkably close correspondence between the effect of 
substituents on the rotatory power of menthyl benzoate (I) and on 
benzene substitution (II) is seen by a comparison of the series given 
below, in which the agreement is broken only by a slight displace¬ 
ment of the iodine atom. Series III represents the relative polarity 
of the substituents as determined from the inductive capacities of 
compounds. 

I. N0 2 >C0 a H>C0-CH 3 >H>I>CH 3 >Br>Cl>]?>0-CH3 

II. N0 2 , C0 2 H, COCH 3 , H, CH 3 , Br, I, Cl, F 

III. N0 2 , C0 2 H (?), COCHs, C0 2 H (*), H, CH 3 ,1, Br, Cl, F. 

Experimental. 

Acetophenone-o-carboxylic acid was prepared by the method of 
Gabriel and Neumann {Her., 1893, 26 , 952). Phthalie anhydride, 
acetic anhydride, and potassium acetate were heated together to 
give phthalylacetic acid, and the latter, after purification, was 
converted into acetophenone-o-carboxylic acid by heating under 
pressure with water at 200°. After several recrystallisations from 
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water, the acid melted sharply at 112° (Gabriel and Michael, Ber., 
1877, 10 , 1554, quote 114—115°). 

Mentkyl acetophenone-o-carboxylate was prepared from the above 
acid by esterification in the presence of dry hydrogen chloride. 
The crude ester was freed from most of the excess menthol by heating 
at 200° under 10 mm. pressure, and was recrystallised from light 
petroleum until of constant rotation. The pure compound separated 
in colourless, odourless crystals, m. p. 92° (Found: C, 75*4; 
H, 8*6. requires C, 75*5; H, 8*6%). 

The compound dissolves comparatively readily in benzene, but 
is not very soluble in other organic solvents at the ordinary 
temperature. 

The following figures refer to the rotatory power of the ester in 
the fused state at 94°. All rotations were measured in a 50 mm. tube 
and were negative in sign. Df = 0-9898 (o^ could not be deter¬ 
mined owing to the slight yellow tint of the liquid). 

a yp* a gr* ttgr/Oj,- [a] D . [a]ye. [ a ]gr* 

42*84 45*04 51*98 1*213 86*56 91*01 105*0 261*4 

In addition, a number of measurements were made of the rotatory 
power in solution at about 20°. In each case the highest concen¬ 
tration quoted represents the maximum at which it is convenient 
to work, and is not far removed from the saturation point. All 
rotations are negative in sign. 



G. of ester 






Solvent. 

in 100 c.c. 

a obs. 

(l = 2). 

[a]A. 

agr/aj,. 

l&tr 

Benzene (20°). 

5*000 


9*42 

94*2 

1*216 

284*5 



aye 

9*90 

99*0 





Ogr 

11*46 

114*6 






22*03 

220*3 



Benzene (20*1°). 

20*010 

a 7> 

37*68 

94*15 

1*211 

284*3 



Ogr 

45*60 

113*9 



Acetone (18*8°). 

5*054 


8*48 

83*9 

1*211 

253*4 



aye , 

8*90 

88*1 





a g r 

10*26 

101*5 





avi 

18*85 

186*5 



Alcohol (19*5°). 

2*001 

a x> 

3*54 

88*46 


267*0 


The authors desire to thank the Earl of Moray Fund for a grant 
which has covered most of the expenses incurred during this 
investigation. 

University of Edinburgh. 


[Received, November 24 th, 1925.] 
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LXXVI .—The Chlorination and Bromination of 
4:-Aminodiphenyl . 

By Harold Archibald Scarborough and William Alexander 

Waters. 

The action of chlorine or bromine on 4-aminodiphenyl and on its 
acetyl derivative appears to have been investigated in only one 
instance, where it was shown that, by direct bromination of 4-acetyl- 
aminodiphenyl, 4'-bromo-4-acetylaminodiphenyl resulted (Hiibner, 
Annalen , 1881, 209, 339). Other halogen derivatives, however, 
have been prepared from benzidine and from tolidine by an adapt¬ 
ation of the Sandmeyer reaction (Tauber, Ber., 1894, 27, 2627; 
Gelmo, Ber., 1906, 39, 4175); the structure of these compounds 
necessarily follows from their method of preparation. 

The present investigation had as its objects the preparation of the 
AT-halogen derivatives and their conversion into ring-substituted 
products; and the direct introduction of chlorine or bromine into 
the molecule of 4-aminodiphenyl or 4-acetylaminodiphenyl. 

It was found that a stable N -chloro-4-acetylaminodiphenyl (I) 
could be obtained from which 3-chloro-4-acetylaminodiphenyl (II) 
resulted; the latter compound again could be converted into a 
N -chloro-derivative which was unstable, lost chlorine, and from 
which a ring-substituted product could not be obtained. The 
corresponding A r -bromo-4-acetylammodiphenyl could be prepared 
only in an impure state, it lost bromine with ease, and the original 
acetyl derivative was not recovered. 

_ oi 

AcClN<l>Ph AcHN^ ^Ph AoHN<^l>—<1>C1 

(I.) (fro Cl (III.) 

The chlorination of the free base was attempted under various 
conditions, but only deeply coloured and tarry products were 
obtained. In contrast to this, the acetylated base could be sub¬ 
stituted readily with the formation of 3-chloro-4-acetylaminodi- 
phenyl, and on further chlorination 3:5:4'-trichloro-4-acetyl- 
aminodiphenyl (III) was obtained. It was found impossible to 
introduce more than these three atoms of chlorine into the molecule 
and obtain a product capable of being separated into individual 
compounds. 

The bromination of the free base proceeded smoothly, yielding 
3:5-dibromo-4-aminodiphenyl, and under altered conditions the 
latter compound could be further brominated to give 3:5:4'-tri- 
bromo-4-aminodiphenyl. Higher bromination products appear 
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to be formed; but from the mixture of substances produced it has 
been found impossible, so far, to isolate individual compounds. The 
acetyl derivative of the base on bromination yielded either 4'-bromo- 
4-aminodiphenyl or its acetyl derivative and a small quantity of a 
dibrominated product which has been shown to be 3 : 4'-dibromo- 
4-acetylaminodiphenyl. Bromination at a higher temperature 
yielded 3:5:4'-tribromo-4-aminodiphenyl. 

The orientation of substituents in the nuclei of diphenyl is of a 
complex nature; thus whilst 4-aminodiphenyl and its acetyl deriv¬ 
ative on chlorination or nitration yield a product substituted in the 
position adjacent to the amino-group, yet when the substituent in 
the 4-position is varied as widely as the halogens, the nitro-group and 
the carboxyl group the entering substituent goes to the 4'-position. 

As the direct substitution of only 2- and 4-monosubstituted 
diphenyl derivatives has been investigated, it is impossible to put 
forward more than tentative suggestions. The following assump¬ 
tions appear to be necessary : 

(a) The usual directive influence is to be ascribed to all the simple 
groups. 

(b) The phenyl group and the group C 6 H 4 X (where X may be 
an ortho-para or meta-directing group) have a strong ortho-para- 
directive influence. 

(c) The amino-, hydroxy-, and derived groups promote substitution 
in the same nucleus. 

Thus it appears that the position taken up by a substituent 
depends on the velocity with which substitution can be effected. 
This is in agreement with the experimental evidence that ortho-para¬ 
directing groups, and in particular the amino- or hydroxy-group, 
render substitution easy, whereas meta-directing groups tend to 
make substitution a comparatively slow process. 

Alternatively, it might be suggested that substitution only occurs 
in the nucleus containing the directing group when this group is 
capable of being itself substituted and then undergoing a rearrange¬ 
ment which transfers the substituent to the ring. This would be 
in accord with the behaviour of amino- and hydroxy-groups. 

The behaviour of 4-acetylaminodiphenyl on monobromination 
is very striking, since it appears to be the only known case among 
the substitution products of 4-amino- or 4-hydroxy-diphenyl in 
which the first substituent enters the 4'-position; this result is still 
more unexpected, since 4-aminodiphenyl itself gives rise to a normal 
sequence of substitution products. 

This abnormal behaviour might be ascribed to (a) a mechanism for 
this bromination different from that involved in all other cases, 
or (6) steric influences. Three alternative mechanisms appear 
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possible : (1) the formation of a JV-halogen compound followed by 
an miramolecular change; (2) the formation of a ^"-halogen com¬ 
pound followed by an intermoleoulax change; and (3) the direct inter¬ 
action of the halogen and the aminodiphenyl molecules. Since N- 
bromo-4-acetylaminodiphenyl cannot be converted into a ring-sub¬ 
stituted product, mechanism (1) cannot be the mechanism involved; 
since the corresponding JV-chloro-compound can be thus transformed 
and since direct chlorination yields the same product, any one of the 
three mechanisms may be involved. 

To ascribe the difference in behaviour to a steric factor would 
imply that by acetylation of the base the velocity of interaction of 
bromine with the more reactive hydrogen atoms in the 3- and 5- 
positions is decreased to such an extent that the less reactive 
hydrogen atom in the 4'-position is substituted almost exclusively. 

It is the intention of the authors to complete a study of the 
chlorination and bromination of 2-aminodiphenyl and to extend 
the work to a consideration of 3-nitro- and 3-amino-diphenyL 

Experimental. 

4-Aminodiphenyl was prepared by nitrating diphenyl by Ludens’s 
method (Ber., 1875,8, 871) and reducing the product by Schlenk’s 
method ( Annalen , 1909, 368, 303). 

l$-Chloro-4-acetylaminodiphenyl. —To a suspension of 10*6 g. 
of 4-acetylaminodiphenyl in a solution of 13 g. of sodium bicarb¬ 
onate in 200 c.c. of water, 150 c.c. of A-sodium hypochlorite were 
added during 2 hours. The product was collected after 12 hours, 
washed with water, dried, and extracted with light petroleum (b. p. 
40—60°), in which 4-acetylaminodiphenyl is insoluble. The 
chloroamine crystallised from carbon tetrachloride in colourless 
needles, m. p. 129*5° (Found: Cl, 14*3. C 14 H 12 0NC1 requires 
Cl, 14*4%). 

Z-Chloro-4-acetylaminodiphenyl. —(a) Conversion of the chloro¬ 
amine . To a hot solution of 5 g. of the chloroamine in 100 c.c. of 
spirit and 2—3 c.c. of glacial acetic acid, sufficient water was added 
to start precipitation. The product separated on cooling, and 
crystallised from dilute alcohol in needles, m. p. 147°. 

(b) Direct chlorination of 4-acetylaminodiphenyl. Chlorine was 
passed into a 2% solution of the acetylamine in glacial acetic acid, 
cooled in ice-water, until the theoretical gain in weight was obtained* 
The product, which was precipitated with water, contained higher 
chlorination products (Found: Cl, 14*7. C 14 H 12 GNC1 requires 
Cl, 14*4%). 

Z-CMoro-4-aminodiphenyl hydrochloride was obtained on hydrolysis 
of the acetyl derivative with 10% alcoholic hydrochloric acid. The 
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salt separated from the solution, on cooling, in long needles, m. p. 
217° (decomp.) (Found: HC1, 15*1. C 12 H 10 NC1,HC1 requires 
HC1,15*2%). 

S-ChloroA-amincdipkenyl was precipitated from the solution of 
the hydrochloride by dilute ammonia. It crystallised from dilute 
alcohol in needles, m. p. 71° (Found : Cl, 17*2. C 12 H 10 NC1 requires 
Cl, 17*4%). 

3: 4z-Dichlorodiphenyl, obtained from the amine by the usual 
methods, was a faintly yellow oil, b. p. 195— 200°j 15 mm., which 
solidified to a pale yellow, crystalline mass, m. p. 46° (Found: 
Cl, 30*8. C 12 H g Cl 2 requires Cl, 31*8%). On oxidation of this crude 
product with chromic anhydride in glacial acetic acid solution, 
3 : 4-dichlorobenzoie acid was obtained (m. p. 200°). 

S-GhloroA-acetylchlaroaminodiphenyl. —The chloroamine was pre¬ 
pared in the manner described for 4-acetylchloroaminodiphenyl. It 
was a white powder soluble in non-aqueous solvents; it could not 
be obtained pure owing to the ease with which it lost chlorine. 
Several attempts were made, under various conditions, to bring 
about a rearrangement, but in each case chlorine was evolved and 

3- chloro-4-acetylaminodiphenyl was obtained. 

3:5: 4:'-TrkhlaroA-aceiylaminodiphenyl. —Chlorine and carbon 
dioxide were passed slowly into a 5% solution of 4-aeetylamino- 
diphenyl, the temperature being kept as low as possible. Excess 
chlorine was removed with a current of air, and the solution diluted 
with water until precipitation commenced. The product crystal¬ 
lised from acetone in needles, m. p. 236° (Found: Cl, 33*6. 
C^ONCl* requires Cl, 33-8%). 

3:5: A'-TrichloroA-aminodiphenyl .—The acetyl derivative was 
hydrolysed with alcoholic hydrochloric acid; the amine , which 
separated from the solution in long needles, was recrystallised from 
alcohol; m. p. 128° (Found: Cl, 38*9. C 12 H 8 NC1 3 requires Cl, 
39*05%). On oxidation with chromic anhydride in glacial acetic 
acid solution, ^-chlorobenzoic acid was obtained (m. p. 235°). 

N -BromoA-aeeiylaminodiphenyl was obtained as was the corre¬ 
sponding chloro-compound. It was a pale yellow powder, easily 
soluble in non-aqueous solvents, and lost bromine very easily. As 
it could not be obtained pure, it was not further investigated. 

4: f -BramoA-aminodiphenyl. —To a well-cooled 10% solution of 

4- acetylaminodiphenyl in glacial acetic acid was added slightly more 
than 1 mol. of bromine. After 24 hours, on pouring into water, a 
mixture of brominated products was obtained which, by fractional 
crystallisation from dilute acetic acid, was separated into a more 
soluble monobromo-derivative and a less easily soluble dibromo- 
derivative. The former was 4 / -bromo-4-aminodiphenyl and not its 
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acetyl derivative (compare Hiibner, loc. cit.). It crystallised from 
dilute acetic acid in long needles, m. p. 145° (Found: Br. 32*2. 
C 12 H 10 NB r requires Br, 32*1%). On oxidation -with, chromic 
anhydride in glacial acetic acid solution, p-bromobenzoic acid was 
obtained (ru. p. 251°). 

3 : 4:'-DibromoA-acetylaminodiphenyl .—The less soluble dibromo- 
derivative crystallised from acetone in colourless needles, m. p. 197° 
(Found: Br, 43*25. C 14 H n ONBr 2 requires Br, 43*4%). The 
acetyl derivative was hydrolysed with alcoholic hydrobromic acid* 
The free base was not purified and analysed, as only a very small 
quantity was available; but was converted directly into a tribromo- 
derivative by bromination in glacial acetic acid solution. The 
product was crystallised from acetone and then from dilute acetic 
acid; it had m. p. 148°, alone or mixed with 3:5: 4'-tribromo-4- 
aminodiphenyl. The original acetyl derivative was not identical 
with 3 :5-dibromo-4-acetylaminodiphenyl, whence it follows that 
the acetyl derivative must have the bromine atoms in the 3- and 
4'-positions. 

3 : S-DibromoA-amiiiodiphenyl .—The calculated quantity of a 
10% solution of bromine in glacial acetic acid was added to a cold 
glacial acetic acid solution of 4-aminodiphenyl. The yellow pre¬ 
cipitate was filtered off and washed with dilute sodium carbonate 
solution. It crystallised from alcohol in colourless needles, m. p. 
119° (Found: C, 44*1; H, 2*9; Br, 48*8. C 12 H 9 NBr 2 requires C, 
44*05; H, 2*8; Br, 48*9%). 

3 : 5-Dibroma-4:-acetylaminodiphenyl was prepared by heating the 
base with acetic anhydride in glacial acetic acid solution. After 
crystallising from alcohol, it melted at 162° (Found: Br, 43*45. 
C^HnOKBrg requires Br, 43*4%). 

3 : 5-Dibromodiphenyl, obtained from the base by elimination of 
the amino-group in the usual manner, was a pale yellow oil, b. p. 
208°/15 mm., m. p. 15° (Found : Br, 51*3. C 12 H 8 Br 2 requires Br, 
51*3%). On oxidation with chromic anhydride in glacial acetic acid 
solution in a sealed tube at 200° 3 : 5-dibromobenzoie acid was 
obtained (m. p. 212°). 

3:5: 4' -Tribromo-k-aminodiphenyl ,—Bromine (1 mol.) was added 
to a boiling solution of 3 :5-dibromo-4-aminoctiphenyl in glacial 
acetic acid, and the mixture refluxed until the colour of the bromine 
had disappeared (usually about 45 minutes). The product pre¬ 
cipitated by addition of water crystallised from dilute acetone in 
white needles, m. p. 149°. The same substance was obtained by 
direct bromination of 4-acetylaminodiphenyl in boiling glacial 
acetic acid (Found : C, 35*4; H, 2*0; Br, 59*0. C 12 H 8 lSfBr 3 requires 
0,35*4; H, 2*2; Br, 59*0%). On oxidation with chromic anhydride 
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in glacial acetic acid solution #>-bromobenzoic acid was obtained 
(m. p. 251°). 

The acetyl derivative crystallised from acetone in white needles, 
m. p. 256° (Found : Br, 53*5. C 14 H 10 ONBr 3 requires Br, 53*6%). 

All m. p/s recorded in this paper have been corrected, and where 
necessary the identity of a substituted benzoic acid was established 
by the “ mixed m. p. 55 method. 

The authors wish to express their thanks to Dr. H. McCombie for 
the interest he has taken in the work. One of them (W. A. W.) is 
indebted to the Master and Fellows of Gonville and Caius College 
for a studentship which enabled him to collaborate in this work. 

University Chemical Laboratories, 

Cambridge. [ Received, November 25th, 1925.] 


LXXVII .—The Influence of the Intensity of Illumination 
■ on the Velocity of Photochemical Changes. The 
Determination of the Mean Life of a Hypothetical 
Catalyst . 

By Frank Briers, David Leonard Chapman, and 
Ernest Walters. 

Only a few researches have been conducted on the variation of the 
rates of photochemical changes with the intensity of the light, and 
at present there is some degree of discordance in the conclusions 
drawn by different experimenters from the results of their 
experiments. 

Draper (Phil. Mag., 1843, 23, 401) announced that the rate at 
which chlorine and hydrogen combine in light is proportional to 
the intensity of the illumination. Baly and Barker (J., 1921,119, 
653) maintained that the ratio of the rate of union of the two gases 
to the intensity of the light increases as the intensity of the light is 
increased. M. C. C. Chapman (J., 1924,125,1521) obtained a result 
in substantial agreement with that of Draper. She found, however, 
that as the intensity of the radiation is increased the rate of formation 
of hydrochloric acid increases in a slightly smaller ratio. Berthoud 
(Helv. Chim. Acta , 1924, 7, 324) considered that the rate of union 
of chlorine and hydrogen in the absence of inhibitors would be 
proportional to the square root of the intensity of illumination, and 
he saw in some of Mrs. Chapman’s results evidence that such is the 
ease/ Komfeld and Muller (private communication from Professor 
Bodenstein) have confirmed Mrs. Chapman’s results. They find 
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that the rate of formation of hydrochloric acid is proportional to 
the intensity of the light when the intensity is varied in the ratio 
of 1 : 64. 

Draper, Baly and Barker, and Mrs. Chapman used electrolytic 
gas, which always contains a small amount of oxygen. Kornfeld 
and Muller removed oxygen from the hydrogen; but the chlorine 
they used may have contained a little oxygen. 

It is possible that Berthoud’s contention is right. The electrolytic 
gas used by Mrs. Chapman undoubtedly contained a little oxygen, 
and the small deviations from proportionality observed by her were 
in the direction required by Berthoud’s view. 

In a recent paper by Bodenstein and Liitkemeyer (Z. physikal. 
Ghem 1924, 114, 208) on the photochemical synthesis of hydro- 
bromic acid it is concluded that the* rate of formation of this 
compound from its elements is directly proportional to the square 
root of the intensity of the light. The striking difference, in this 
particular, of the influence of light on mixtures of bromine with 
hydrogen and of chlorine with hydrogen may possibly be due to 
the effect of small quantities of oxygen on the photochemical union 
of the latter gases. The question needs to be submitted to further 
investigation. 

In connexion with the subject of this communication, the reaction 
between iodine and potassium oxalate is of especial interest. This 
reaction is represented by the equation : 

C 2 0 4 K 2 + I 2 - 2C0 2 + 2KL 

It has been studied by Dhar ( Proc . K. Akad. Weiensch. Amsterdam , 
1916, 18, 1097; Ann. Chin 1919, 11, 130; J., 1923, 123, 1856) 
and by Berthoud and Bellenot (Helv. Ghim . Acta, 1924, 7, 307). 
In his first paper, Dhar maintained that the velocity of the action 
is proportional to the intensity of the light. On the other hand, 
Berthoud and Bellenot asserted that it is proportional to the 
square root of the intensity of the light, both for red and for blue 
light. In order to vary the intensity of the light the latter inves¬ 
tigators inserted between the source of illumination and the solution 
a large disc of black cardboard which could be set in rapid rotation, 
and from which two equal sectors had been removed for the first 
series of measurements; four for a second series, and eight for a 
third series, so as to make the intensity vary in the ratios 1:2:4. 
They realised that this method of varying the intensity of the light 
would not be legitimate unless the duration of the secondary reac¬ 
tions considerably exceeded the intervals between successive 
illuminations, and they deduced that if this condition were fulfilled 
the velocity of reaction ought to diminish as the rate of rotation of 
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the disc is reduced. They observed the anticipated falling off in 
the velocity of the reaction, but they were unable to obtain the 
theoretical result when the disc was rotating very slowly. 

We have repeated the experiments of Dhar and of Berthoud and 
Bellenot, and our results agree with those of the latter researchers. 
We have also examined more closely the theory of the effect of 
intermittent illumination on photochemical reactions of the same 
class, and have drawn conclusions from the theory and from our 
experimental results which will be given below. 

The reaction between potassium oxalate and iodine, according 
to Berthoud and Bellenot, is of the same class as that between 
chlorine and hydrogen. One quantum of absorbed light is sufficient 
to cause the interaction of a large number of molecules of. the 
reacting substances. For the explanation of such reactions several 
special hypotheses have been proposed. These hypotheses have 
one feature in common in that they postulate the formation of 
an unstable catalyst (or chain of catalysts) by the direct action of 
the light. We shall make no special assumption concerning the 
nature of the catalyst, but we shall assume that: 

(I) the rate of formation of the catalyst is proportional to 
the intensity of illumination; 

(II) the rate of reaction is proportional to the concentration 
of the catalyst; and 

(III) the rate of destruction of the catalyst is proportional 
to a power of its concentration. 

If [A] represents the concentration of the catalyst and I the 
intensity of the light, we have from assumptions I and III 

d[A]/dt = cl- k[A]« 

= 0 in the steady state, 

and therefore in the steady state 

l Vn cc [A] oc the rate of reaction (from assumption II). 

Therefore in the case of the formation of hydrochloric acid from 
electrolytic gas n = 1 if the experiments of Mrs. Chapman and of 
G. Kornfeld and H. Muller are trustworthy, whereas in the case of 
the interaction of iodine and potassium oxalate n = 2 if the 
observations of Berthoud and Bellenot and of the authors are not 
subject to some unsuspected source of error. 

We have spent 6 months in attempts to discover some explan¬ 
ation of Berthoud and Bellenot’s results other than that given by 
the authors, namely, that in this reaction the velocity of change is 
not proportional to the intensity of illumination but to its square 
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root, and we have satisfied ourselves that none of the following 
causes could furnish such an explanation: 

(1) The presence of an inhibitor. 

(2) The varying rates of escape of the carbon dioxide pro¬ 
duced in the reaction. 

(3) The more rapid removal of the iodine from that portion 
of the solution which is nearest to the light. 

(4) The method employed for varying the intensity of the 
light.* 

When the method of varying the intensity of the light was that of a 
rotating disc, consistent and reproducible results in agreement with 
those of Berthoud and Bellenot were obtained. The results were 
independent of the rate of rotation of the disc when this rate 
exceeded one thousand revolutions per minute. It must therefore 
be concluded that when the solution has been exposed to light the 
chemical action continues for some time' after the light has been 
shut off: for otherwise the rate of chemical change would be 

* That inhibitors were not present was proved by the fact that the velocity 
of the reaction was not affected by the purification of the materials used 
by the fractional crystallisation of the potassium oxalate or by the 
sublimation of the iodine), the results being reproducible and, within reason¬ 
able limits, independent of the degree of purity of the reagents. Variation 
of the hydrogen-ion concentration had very little effect. 

That the dissolved carbon dioxide had no effect was proved by the fact 
that the total amount of change in a given time, employing a constant 
intensity of light, was the same when the exposure was continuous and when 
it was intermittent, provided that the intervals of exposure were not too 
short. 

Another method employed for varying the intensity of the light was the 
following. Two one thousand-watt lamps, A and B, were placed side by 
side so as to be symmetrically situated with respect to the reaction tube, 
which was contained in a thermostat. The currents passed through the 
lamps were separately adjusted so that each lamp emitted light of the sane 
intensity. The reaction vessel was exposed for 4 hours to the light emitted 
by A alone, and then for 4 hours to the light emitted by B alone. The change 
was measured, and compared with that effected in half the time by an 
exposure of the reaction vessel, filled with a solution of the same composition, 
to the light emitted simultaneously by both lamps. The mean ratio of the 
change effected by the light from one lamp in 8 hours to that effected by 
the light from two lamps in 4 hours was 1*32 : 1, the theoretical result 
calculated on the assumption that the rate of change is proportional to the 
square root of the intensity of the light being 1*41: 1. The fact that the 
theoretical ratio was greater than that found experimentally can be explained 
by the circumstance that the large size of the bulbs of the two lamps made 
it impossible to place their filaments close together. That the effect of this 
source of error would be in the direction stated can be seen immediately by 
considering the effect of placing the lamps on ppposite sides of the com¬ 
paratively strongly absorptive solution. 


V 
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proportional to thfe number of sectors left open in the disc, and not 
to the square root of this number. In other words, the catalyst 
assumed above has a life of appreciable duration. 

Determination of the Life of the Catalyst or Chain. —The rate of 
disappearance of the catalyst is given by ft[A] 2 and therefore in 
the steady state the mean life of the catalyst is 

[A]/&[A] 2 = 1/A[A], 

The problem is therefore to determine the value of h\A] when the 
solution is exposed to light of a given intensity and has reached 
the steady state. 

In the light 

d[A]/dt = cl- k[Af. 

Multiply both sides of the equation by k and put chi = a 2 and 
&[A] = x. 

The equation becomes 

dx/di ~ a 2 — x 2 . 

Or putting r for at, and y for xja, 

dy/dr = 1 — 2 / 2 

the solution of which is 



V is ratio of &[A] at the moment under consideration to its value 
in the steady state when the intensity of the light is /, and r is 
the ratio of the time, t, to the duration of a mean life. 

The differential equation which holds in the dark is 

d[A]/dt « - k[A] 2 

and its solution in terms of the variable y and r is 


I 

Vs 


( 2 ) 


in which y z and y 2 are the final and initial values of y, and r 3 and r* 
the corresponding values of r. ‘ ' 

In our experiments, the disc has eight sectors, each of angle w/8, 
symmetrically situated. Accordingly, when the disc was rotating 
uniformly, the duration of illumination was equal to the time 
during which the light was shut off, i.e. t r 2 - r x = r 3 — r 2 . Also 
under the same conditions y x must attain a steady value which 
must be equal to y s . Therefore from (1) and (2) 




sr 
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For each value of y x the corresponding value of y 2 can be obtained 
from the above equation. 

Moreover, if the value of r is selected such that when y = 0 r = 0, 
equation (1) becomes 

lo &rzrf = 2t . (3) 

and for each value of y there is a corresponding value of r. 

We shall now find the mean value of y for a given rate of rotation 
of the disc. From (3) the value of y during illumination is given by 

y = tanh r 

and from (2) the value of y during the period of non-illumination is 
given by 

y = V ( T + y) 

in which r is the time (taking the mean life as the unit) during which 
the solution is in the dark and y 2 is the value of y when the light 
is shut off. 

The mean value of y during uniform rotation of the disc is 
manifestly given by 

_ log, cosh r 2 — log, cosh r x + log [(r 2 — r x )y 2 + 1] 

V ~ 2(r 2 -r x ) 

But the mean value of y when the disc is rotating very rapidly is 
IjV2. Consequently, since the mean value of y is proportional to 
the rate of chemical change, 

log, cosh t 2 — log, cosh t x + log [(r 2 — r x )y 2 + 1] _ 

V2(t 2 — t x ) 

rate of change when the disc rotates at the g iven rate 
rate of change when the disc rotates very rapidly * 

By trial a value of r x is found which satisfies this equation. This 
can be done, since for every value of t x there are corresponding 
values of r 2 and y 2 . Furthermore, as r 2 — r x is the duration of 
the exposure to light in mean lives, the value of the mean life can 
be calculated from the known rate of rotation of the disc. 

Experimental. 

The composition of the solution was potassium oxalate Nf 2, 
iodine 0*00625^, and potassium iodide 0*00931^. The reaction 
vessel was a glass cylinder of 4 cm. diameter, and it contained 
80 c.c. of the above solution. The cylinder was closed with a ground 
glass stopper in order to prevent loss of iodine by evaporation, and 
during an experiment it was maintained at a temperature of 20° 

tt 2 
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in a thermostat filled with water and having sides of plane glass. 
A black screen was placed behind the reaction tube and the ther¬ 
mostat was covered so that no light could enter it except that which 
had passed through a sector of the disc and a window of the same 
shape as the sector in one of the glass sides of the thermostat. The 
reaction tube was placed near to the window in such a position that 
the whole of the solution it contained was equally illuminated. 
The source of light was a thousand-watt incandescent lamp placed 
at a horizontal distance of 88 cm. from the reaction vessel. The 
light from the lamp passed through an aperture of an appropriate 
shape in a large piece of cardboard which was placed immediately 
in front of the lamp, the aperture being of such a size that its 
penumbra was outside the window of the thermostat. The rotating 
disc was as near as possible to the thermostat and the reaction 
vessel. The shadow cast by the edge of the sector was quite sharp, 
but there was some error which could neither be avoided nor estim¬ 
ated, occasioned by reflexion from the inner wall of the glass bulb 
of the lamp. The lamp itself was, of course, placed in such a 
position that its incandescent wire subtended in a plane at right 
angles to the top edge of the window the minimum angle at a point 
in the solution. The disc was kept in rotation by means of a geared 
motor, and in some of the experiments in which the rotation was 
slow by a clock. The rates of chemical change were determined 
by finding the times required to bring about the same amount of 
chemical change as estimated by titration of the iodine with a 
standard solution of sodium thiosulphate. The mean life of the 
catalyst was in the first place determined when the solution was 
illuminated with white light. The results are recorded below: 


A. 

B. 

C. 

D. 

20 

20 

Very fast 

71*75 

71*44] 

62*21 

1* 0*0303 

0*000688 

» 

24 

24 

Very fast 

62*20 j 

71*12 

70*68" 

62*21 j 

1 

\ 0*0299 

0*000678 


In column A is recorded the number of revolutions per minute of 
the disc; in column B the time of exposure in minutes needed to 
effect the same amount of chemical change; in column C the 
calculated mean life, in seconds; and in column D the quotient of 
the mean life and the time required to effect the given amount of 
chemical change when the solution was exposed without interruption 
to the light. This quotient should be a constant. 

In a third determination light which had been filtered through 
a solution of iodine was used. The light passed through 5*5 cm. 
of an aqueous solution of iodine and potassium iodide of such a 
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strength that the concentration of each of the dissolved substances 
was twice as.great as the corresponding concentration in the solution 
contained in the reaction vessel. The effect of using such filtered 
light would, of course, be to render the velocity of chemical change 
much more uniform throughout the solution. The results are 
recorded below : 


A. 

B. 

C. 

D. 

21 

293-2 



5 

327-8 



5 

Very fast 

324*7\ 

282-8/ 

0*1212 

0-000605 


From any of the above results the mean life of the catalyst in the 
dark at the temperature of the experiment can be calculated, 
provided that the rate of the chemical change in the dark is known, 
and similar assumptions are made concerning the mechanism of 
the change. The time required to effect the specified amount of 
change in the dark was found by experiment to be 10,430 minutes. 
Using the constant determined in the last experiment, we have 

the mean life of the catalyst in the dark — 10430 X 0*000605 = 

6*31 seconds. 

Although we are unable without conducting further research to 
estimate the errors of the methods described for determining the 
constant, we believe that the accuracy of the determination is 
sufficient for present needs, namely, for the purpose of testing a 
hypothesis. 

The Laboratory, 

Jesus College, Oxford. [Received, October 3<M, 1925.] 


LXXVIII .—The Action of Alkaline Arsenites on Some 
Halogenated Organic Compounds. 

By Isidore Elkanah Balaban. 

It is well known that sulphonic acids, both aliphatic and aromatic, 
may be obtained by the action of alkali sulphites on some halogen¬ 
ated organic compounds. In view of the chemotherapeutic import¬ 
ance of arsinic acids, it was thought worth while to investigate the 
action of alkali arsenites on a series of halogenated organic com¬ 
pounds of varying degrees of reactivity, in order, if possible, to 
delimit the applicability of the method. Meyer (Ber., 1883, 16, 
1440) first employed the method to prepare methyl- and ethyl- 
arsinie acids, and it was extended to n-propyl-, isoamyl-, and benzyl- 
arsinic acids by Dehn and McGrath (J. Amer. Chew . Soc ., 1906, 28, 
351). Quick and Adams (ibid., 1922,44, 809) applied it successfully 
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to butyl bromide and allyl bromide, whilst Palmer (ibid., 1923, 45, 
3023) applied it to chloroacetic acid. In the aromatic series, 
Rosenmund (Ber., 1921, 54, 438) obtained o-benzarsinic acid by the 
action of potassium arsenite on o-bromobenzoic acid. 

Two glyoxaline derivatives have now been examined containing 
highly reactive halogen atoms, 4(5)-methyl-5(4)-chloromethyl- 
glyoxaline (I) and 5-chloro-l-methyl-2-chloromethylglyoxaline (II), 
but only the corresponding alcohols could be isolated in poor yield. 

(I.) CH 2 C1-£-NH >ch ClG-NMe^ c . CH G1 (IL) 

ch 3 -c—n hc —w 2 

A less reactive glyoxaline compound, 5-chloro-4-nitro-1 -methyl- 
glyoxaline (HI), which had previously been shown to give a sulph- 
onic acid (Balaban and Pyman, J., 1924,125,1564), when heated 
with potassium arsenite in absolute alcohol gave 4:-nitro-5-hydroxy - 
1 -methylglyoocaline (IV), a very unstable nitroamide resembling in 
general properties the nitroaeetone and nitroacetophenone of 
Lucas (. Ber 1899, 32, 600) and Henry (ibid., 1899, 32, 865). 


C1C -NMe >rH 

N0 2 -C-IT 

(HI.) 


HO^NMe >CH 

N0 2 'C—-Nr 
(IV.) 


OC-NMe\. rTT 
NOgICC—N >CH 


The nitroamide is, however, stable as its potassium and sodium salts. 
2: 4-Dinitrobromobenzene, which resembles the foregoing in con¬ 
taining a halogen atom activated by a nitro-group, yielded 2:4- 
dinitrophenol, whereas by the action of sodium sulphite in aqueous 
alcoholic solution it is known to yield 1: 3-dinitrobenzene-4-sulph- 
onic acid (D.R.-P. 65240). When 8-chloroeaffeine is heated with 
potassium arsenite in alcohol at 140—180°, a mixture of 8-hydroxy- 
and 8-ethoxy-caffeine is obtained. Under somewhat parallel con¬ 
ditions (D.R.-P. 74045), 8-chlorocaffeine is known to yield a sulph- 
onic acid when treated with aqueous sodium sulphite. In the 
foregoing cases where reaction had taken place, the halogen atom 
was replaced by hydroxyl or ethoxyl. An unexpected result was, 
however, obtained on examining the action of alkali arsenite on 
phthalbromomethylimide in acetone solution, as ethylenediphthal- 
imide was isolated. 


C 6 H 4 <gg>N-CH 2 Br —^ C 6 H 4 <^g>N-CH 2 -0H 2 -N<gg>C 6 H 4 . 

When it was boiled with 20% aqueous sodium sulphite, pJithalimido- 
me&a7iesidpJionic acid was obtained in a yield of 13-2% of the 
theoretical, the main product being phthalie acid (yield 62%), 
tcgettor with a small amount of phthalimide. An attempt to 
acid to the unknown aminomethanesulphonie 
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acid proved unsuccessful. Delepine and Demars also failed to 
obtain this compound by the action of ammonia on chloromethane- 
sulpbonic acid {Bull. Soc. Pharmacol ., 1922, 29, 14). 

In none of the above cases, although special search was made, was 
any organic arsinic acid found. If this result be contrasted with the 
much more general formation of sulphonic acids by the action of alkali 
sulphite, one is compelled to attribute it to the difference in alkalinity 
of sulphite and arsenite. 

Experimental. 

The action of alkali arsenites was examined on the following 
halogenated organic compounds : 4(5)-if ethyl- 5 (4)- chloromethyl- 
glyoxaline (I). To a mechanically stirred solution of potassium 
arsenite (24 g.; 10 mols.) in water (30 e.c.) below 0°, 4(5)-methyl- 
5(4)-chloromethylglyoxaline hydrochloride (2 g.) in absolute 

alcohol (50 c.c.) was run in during | hour. After removal of much 
arsenic trioxide the mother-liquor was evaporated to dryness in a 
vacuum, the residue extracted with absolute alcohol, and the extract 
added to aqueous picric acid; 4(5)-methyl-5(4)-hydroxymethyl- 
glyoxaline picrate (1-1 g.; yield, 27*5%) was the sole product 
obtained. It melted at 180°, alone or mixed with an authentic 
specimen. 

The experiment was repeated in absolute alcohol, but no definite 
organic products could be isolated. 

h-CMoro-l-methyl-2-chloromethylglyoxaliiie (II), treated as in the 
above two experiments, yielded 5-chloro-l-methyl-2-hydroxymethyl- 
glyoxaline picrate (3 g.; yield, 64%), m. p. 148—149°, and 0-8 g., 
m. p, 148°, respectively, but no trace of other organic material. 

5-ChloroA-nitro- 1 -methylglyoxaline (III). The nitro-compound 
(2 g.) was boiled under reflux with potassium arsenite (5 g.) in absolute 
alcohol (50 c.c.) for 8 hours, together with a crystal of potassium 
iodide. On keeping, clusters of yellow needles crystallised (4*2 g.). 
This product was extracted with water (20 c.c.), and after removal of 
arsenic trioxide the filtrate was acidified (Congo-paper); 1-07 g. of 
solid crystallising in fine, colourless needles and decomposing at 106° 
were then obtained. 

4:-Nitro-5-hydroxy- 1 -methylglyoxaline (IV) is soluble in water, 
alcohol, dilute acids and alkalis, and the usual organic solvents. It 
cannot be recrystallised, as the solution rapidly becomes dark red, 
and acquires a strong odour of oxides of nitrogen. It was unsuitable 
for combustion, as it decomposed very rapidly. In alcoholic 
solution, the nitroamide gives with ferric chloride an intense brown 
coloration. It also gives the Liebermann nitroso-reaction. The 
potassium salt, prepared by carefully neutralising the nitro-amide 
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with dilute potassium hydroxide and evaporating the solution to 
dryness over sulphuric acid, crystallised in fine, long, yellow needles, 
decomp. 292°, containing |H 2 0, which was very gradually lost 
at 95° (Found in air-dried substance: H 2 0, 4*7; K, 20*4, 20*6. 
0 4 H 4 03 N 3 K,JH 2 0 requires H 2 0, 4*7; K, 20*5%). The sodium salt, 
obtained in a similar manner, crystallised in minute, yellow, an¬ 
hydrous prisms, decomp. 320° (Found : Na, 13*6. C 4 H 4 0 3 N 3 Na 
requires Na, 13*9%). 

2 : 4:-Dinitrobromobenzene . The nitro-compound (2*5 g.), potass¬ 
ium arsenite (8 g.), and absolute alcohol (50 c.c.) were heated under 
reflux on the water-bath for 8 hours. The product having been 
worked up as in the previous experiments, 2 :4-dinitrophenol (1 g.), 
m. p. 113—114°, alone or mixed with an authentic specimen, was. 
isolated. A further crop (0*5 g.), m. p. 110°, was also obtained. 

8-CMorocaffeine. Potassium arsenite (5 g.), 8-chlorocaffeine 
(2*3 g.), and absolute alcohol (50 c.c.) were similarly heated for 7 
hours. The alcoholic mother-liquor gave 0*75 g., m. p. 160°, which 
after recrystallisation proved to be unchanged material; no products 
were isolated. The experiment was repeated in aqueous solution, 
ammonia or methylamine being evolved. After keeping, 0*85 g. of 
a substance, m. p. 186° alone or mixed with 8-chlorocaffeine, was 
collected, no other organic matter being obtained. A third experi¬ 
ment was carried out with absolute alcohol in a sealed tube at 
140—180° for 8 hours. The alcohol-insoluble portion (0-4 g.) was 
hydroxycaffeine (m. p. ca. 335°), and later crops (0*55 g.), which did 
not melt at 340°, were hydroxycaffeine contaminated with arsenic 
trioxide. The residual alcohol-soluble extract (0*45 g.), m. p. 140— 
142°, was identical with a prepared specimen of 8-ethoxycaffeine, 
the melting point of the mixture not being depressed. 

8- Hydroxycaffeine , m. p. 335°, was readily prepared by heating 
8-ethoxycaffeine with 16% hydrochloric acid for 10 minutes in the 
boiling-water bath. It was not obtainable directly from 8-chloro¬ 
caffeine by Fischer’s process (Ber., 1885, 28, 2486). 

8-Eihoxycaffeine was prepared by heating 8-chlorocaffeine (T5 g.) 
with potassium hydroxide (1 g.) and absolute alcohol (15 c.c.) under 
reflux on the water-bath for 6 hours. After removal of the solvent 
and extraction with water, 8-ethoxycaffeine (0*93 g.; yield, 62%), 
m. p. 140—142°, was collected ; it crystallised in dense, colourless, 
waxy prisms. 

Phthalbromomethylimide . When phthalbromomethylimide (2*4 g.) 
was heated with potassium arsenite (5 g.) in absolute alcohol (50 c.c.) 
under reflux for 7 hours, 0*9 g., m. p. ca . 210° (alone or mixed with 
phthalic acid), was collected, no other products being obtained. 
The experiment was repeated in acetone solution (50 c.c.) from 
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which 0*95 g. of product, m. p. 230°, was collected. This crystal¬ 
lised in colourless, rectangular prisms from glacial acetic acid, was 
very sparingly soluble in boiling water, and insoluble in ether 
(Gabriel, Ber ., 1887, 20, 2225, gives m. p. 232° for ethylenediphthal- 
imide) (Found: N, 8*8 by the Kjeldahl method. C 18 H 12 0 4 N 2 
requires N, 8*7%). 

Action of Sodium Sulphite on Phthalbromornethylimide.—The 
bromo-compound (9*1 g.) was boiled under reflux with sodium 
sulphite (75 c.c. of 20% aqueous solution; 2 mols.) until complete 
solution was effected (If hours) and kept, when phthalimide (0*35 g., 
m. p. 232°) was collected. The mother-liquor, on being acidified 
(Congo-paper), deposited phthalie acid (3*15 g., m. p. 200°), whilst 
on concentration a further crop (0*85 g., m. p. 200°; total yield 
62%) was obtained. From the mother-liquors, by further concen¬ 
tration, phthalimidomethanesulphonic acid was obtained (1*2 g,, 
m. p. 270° with decomp.; yield, 13*2%). 

Phthalimidomethanesulphonic acid crystallises from water in long, 
fine, colourless, rectangular prisms, m. p. ca. 295° with decomposition 
according jfco the rate of heating; these contain 2*5H 2 0. After being 
dried at 120°, it does not melt even at 320°. It is very soluble in 
water, but almost insoluble in absolute alcohol (Found in air-dried 
substance : loss at 120°, 15*8. C 9 H 7 0 5 NS,2*5H 2 0 requires H a O, 

15*7%. Found in substance dried at 120° : N, 5*9 by the Kjeldahl 
method. C g H 7 0 5 NS requires N, 5*8%). The barium salt crystal¬ 
lises in long, fine needles which are sparingly soluble in water. 

Hydrolysis of the Sulphonic Acid .—The sulphonic acid (0*5 g.) 
was heated with 20% hydrochloric acid (10 c.c.) for 2| hours under 
reflux. On keeping, phthalie acid (0*3 g., m. p. 214°; yield 91%) 
was obtained, whilst the mother-liquor on concentration gave lees 
than 0*1 g. of ammonium chloride. 

The author is greatly indebted to Dr. King for much helpful 
advice* and criticism, and desires to thank Mr. W. Anslow for 
assistance in this investigation. 

The National Institute for Medical Research, 

London, N.W. 3. [ Received , November 21 st, 1925.] 


LXXIX .—The Crystal Structure of Catechol. 

By William Augustus Caspabi. 

The crystal morphology of catechol is known from the measure¬ 
ments of Beckenkamp {Z. Kryst. Min. 1900, 33, 599), who 
assigned catechol to the monoclinic-prismatic class, axial ratios 
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1*6086 :1: 1-0229,3 = 94°15'. In the present investigation, the 
rotating-crystal method has been used, and has led to definite data 
for the crystal cell and the space-group of catechol. 

Perfectly developed crystals were obtained without diffic ulty by 
the slow evaporation of an aqueous solution. They were in most 
cases bounded by the three pinacoids; occasionally the prism {110} 
also appeared; swallow-tail twins about {100} were observed in a 
few instances. 

.X-Ray photographs were taken on glass plates through crystals 
set with the three crystallographic axes as rotation axes. The 
apparatus was of a simple character with a pinhole beam and requires 
no description; a Shearer tube with copper anticathode was used. 

Fig. 1. 





Catechol. Rotation axis a. 

Mgs. 1, 2, and 3 show the diagrams obtained by projecting the 
photographs on paper and marking the spots. As a rough guide to 
intensity, the size of the spots has been proportioned to the intensity 
of the photographic spots as far as possible. Spots due to X|3 radia¬ 
tion are omitted. The scale of the diagrams corresponds to a 
distance of 4*8 cm. between the plate and the crystal. 

The dimensions of the unit cell follow directly from these photo¬ 
graphs. Each spot represents the reflexion from a definite crystal 
plane, and the spots arrange themselves in layer lines upon which 
: g planes have one index in common; these lines in the case of a 
take the form of hyperbolas. The spacing corresponding 
to ^e &stance of the apex of the first hyperbola from the straight 
centre line is the length of the unit cell along the axis in question, 
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and those of further hyperbolas are consecutive multiples. Calcula¬ 
tions are based on the formula 

a(or b or c)= n X 1-54 /cos^A., 

where n is the series number of the layer line, and 1*54 A. the wave¬ 
length of copper Koc radiation. The following cell dimensions were 
thus obtained: 

along a axis, mean of 5 layer lines, a = 17*46 A. 

„ 6 „ 4 „ „ b = 10*74 A. 

„ c „ 2 „ „ c = 5*43 A. 

The ratios of these dimensions, viz., 1*62 : 1: 0*51, agree with the 

goniometric axial ratios except that c has been stated at double its 




Fig. 2. 



Fig. 3. 




1 



1 

1 

1 

1 

1 

m 1 

1 

441 

* Ml 

i 

i 

i 

» 

i 

i 


k& 

3& * 

02X . * 

*021 

» 

1 

t 



i 

l 

i 



t 

) 

1 

t 

» 

1 

JUU> 

+ 

XL' 

i 

t 

i 

• 

i 

nr 

• 

*. » 3 i' * 7 '' 

• * 

OZi 

1 

» 

1 

» 


»> 3 " *!' 

» 

i 

i 

i 



1 

~~A. 

Aoo 

too tot 30* 4oX 

i 

i 

r\_ 

too 

1+90 4&0 Oto too 

; 



•Qr- 

i 


OAO 

1 

1 


* 0 

■ 

i 

\ 




Gatechol. notation axis b. Catechol. Rotation axis c. 


roper length by Beckenkamp. The axial ratios of catechol should 
e written 1*6086 :1: 0*5114. 

To find the number of molecules in the unit cell, we have as the 
■eight of the cell, the density of catechol being 1*375, 

17*46 x 10*74 x 5*48 X sin94°15' X 1*375 = 1403 X lO-^g. 

The weight of the molecule being 110 X 1*65 X lO" 24 g., the 
rotient is 7*8. That is, there are eight molecules in the unit cell, 
idices can now be assigned to the various photographic spots by 
tlculating the spacing d of each and applying the stereometric 
rmula proper to the monoclinic system, which in the present case 
kes the form 

lid 2 = 0*0033^ 2 + 0-0087&2 + 0-0331? 2 - 0-0016R 

u* 2 
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The indices of all the planes observed are tabulated below. 


Rotation Axis a. Rotation Axis b. Rotation Axis c. 


Plane. 

d obs. 

d calc. 

Plane. 

d obs. 

d calc. 

Plane. 

d obs. 

d calc. 

{001} 

5*44 

5*49 

{200} 

8*81 

8*70 

{200} 

8*67 

8*70 

{002} 

2*71 

2*75 

{400} 

4*42 

4*35 

{020} 

5*39 

5*36 

{022} 

2*41 

2*45 

{401} 

3*46 

3*54 

{400} 

4*34 

4*35 

{111} 

4*73 

4*79 

{202} 

2*67 

2*68 

{420} 

3*32 

3*38 

{112} 

2-69 

2*66 

{402} 

2*36 

2*41 

{040} 

2*67 

2*68 

{220} 

4*58 

4*56 

{111} 

4*73 

4*79 

{620} 

2*49 

2*55 

{221} 

3*58 

3*58 

{311} 

3*76 

3*88 

{111} 

4*75 

4*79 

{202} 

2*62 

2*68 

{511} 

2*86 

2*93 

{021} 

3*80 

3*84 

{222} 

2*34 

2*39 

{220} 

4*52 

4*56 

{221} 

3*63 

3*58 

{311} 

3*76 

3*88 

{221} 

3*55 

3*58 

{421} 

2*92 

2*96 

{331} 

2*68 

2*70 

{421} 

2*96 

2*96 

{331} 

2*56 

2*70 

{312} 

2*44 

2*50 

{222} 

2*31 

2*39 

s 

2*33 

2*31 

{420} 

3*38 

3*38 

{331} 

2-64 

2*70 

2*05 

2*07 

{421} 

2*94 

2*96 

{531} 

2*33 

2*31 

{022} 

2*44 

2*45 

{440} 

2*30 

2*28 

{240} 

2*53 

2*56 

{222} 

2*32 

2*39 

{441} 

2*12 

2*14 

{041} 

2*42 

2*41 

{312} 

2*27 

2*34 

{511} 

2*88 

2*93 

{241} 

2*33 

2*34 

{422} 

2*15 

2*20 

{531} 

{512} 

{620} 

{621} 

2*35 

2*12 

2*55 

2*27 

2*31 

2*19 

2*55 

2*38 

{440} 

{441} 

2* 28 
2*11 

2*28 

2*14 

{622} 

1*91 

1*94 



The table shows that in all cases the sum of the indices h and k is 
an even number, and that there are no other regularities connecting 
the various indices. From this ft follows that if the cell be repre¬ 
sented by four equal molecules at the corners of a parallelipiped, 
there must be molecules of the same orientation in the centres of 
the {001} faces (Fig. 4). Hence the space-lattice is T m ' and, further, 
the space-group is narrowed down to For this space-group, 
eight asymmetric molecules is the full number permissible; the 
catechol molecule, therefore, is without any intrinsic symmetry in 
^be crystalline state. Each primary molecule, as shown in Fig. 4, 
must have three other differently oriented molecules near it. 

As regards the actual disposition of the molecules in the crystal, 
we have as arguments the above symmetry data, the crystal 
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habit, and the size and shape of the catechol molecule. The 
evidence at hand points to a simple parallelipipedic arrangement, 
such that all the molecules are as it were skewered along the b axis, 
with the plane of the benzene rings lying parallel to a and c and the 
hydroxyl groups pointing pairwise alternately backward and for¬ 
ward along the a axis. Detailed discussion may, however, be 
deferred pending the examination of 2:3-dihydroxynaphthalene and 
2 : 3-dihydroxyanthracene, which is now in progress. The above 
arrangement is in harmony with the reticular densities of the crystal 
faces; these would work out as follows : 


{100} face, 1 

molecule in 

14-7 A 2 . 

{001} „ 

i) 

23-5 „ 

{010} „ 

j) 

48-0 „ 

{110} „ 

jj 

57-0 „ 


In the majority of the crystals, {100} is decidedly the most 
developed and {010} the least developed face, whilst {110} occurs 
only sporadically; the order of the reticular densities is thus the 
same. 

The author desires to express his indebtedness to Sir William 
Bragg, F.R.S., and to his fellow-workers at the Davy Faraday 
Laboratory for the helpful interest taken by them in this investiga¬ 
tion ; also to the authorities of the Royal Institution for apparatus 
and laboratory facilities. 

Davy Faraday Laboratory, 

Royal Institution. [Received, November 25th y 1925.] 


LXXX .—Unsymmetrically Substituted* Dinitro - and 
Diamino-derivatives in the Stilbene and Tolane 
Series . Part I. The Elimination of Hydrogen 
Chloride from 3: 4 '-Dinitrostilbene Dichloride . 

By Harold Ainsworth Harrison and Harold Wood. • 

Flurscheim was the first to point out the important principle that 
the alternate effects produced by substituents in aromatic nuclei 
can be rendered conspicuous by comparing the properties of 
isomeric m- and #-disubstituted derivatives. With groups in these 
two positions the possibility of ring closure is almost eliminated and 
anomalies caused by steric hindrance are largely curtailed, whilst 
the general polar effects are approximately equal. The present 
research was undertaken with the idea of testing the accuracy of 
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certain apparently unequivocal forecasts derived by application of 
the alternate polarity rule to the diphenylethane series. The 
theory of non-polar alternating affinity, on the contrary, does not 
appear to afford any trustworthy a priori guidance in the types of 
reaction selected for investigation. 

The dichlorides and dibromides of a^-unsaturated acids, when 
deprived of one molecule of halogen hydride, invariably lose the 
^-halogen atom. It seemed desirable, therefore, to ascertain whether 
similarly unidirectional influences could be discovered in the di¬ 
halides of unsymmetrically substituted stilbene derivative^. The 
effect of two nitro-groups in the 3- and 4'-positions is cumulative 
and a strong difference in the reactivity of the two halogen atoms 
should accrue. The removal of one molecule of halogen hydride 
should therefore result in the preferential formation of one or other 
of the two possible monochlorostilbenes. Aa a matter of fact, 
oi-chloro-4 :: 3 '-dinitrostilbene was the sole product of reaction, and 
this is in entire agreement with polarity principles. 

3 :4'-Dinitrostilbene had previously been prepared by Cullinane 
(J., 1923, 123, 2060) by the condensation of y>-nitrophenylacetic 
acid and m-nitrobenzaldehyde in presence of piperidine at 100° for 
1 hour. Exact repetition of his method by the present authors 
resulted, however, in the isolation of a totally different product. 
Cullinane 5 s supposed dinitrostilbene consisted of yellow needles, 
m. p. 155° (yield not stated), which gave green solutions in various 
organic solvents. The dinitrostilbene obtained by us, having been 
washed many times with boiling alcohol and recrystallised from 
glacial acetic acid, melted at 217°, and was sparingly soluble in 
most solvents, forming only pale yellow solutions. 

From the alcoholic washings three other products were isolated 
in small quantity: p-nitrotoluene, formed by the partial decom¬ 
position of p-nitrophenylacetic acid by piperidine, and the piperidine 
salts of the two stereoisomerie forms of 3 ; 4 , -dinitro-a-phenyl- 
cinnamic acid, resulting from loss of water without carbon dioxide. 
Both of these acids were subsequently synthesised. They could 
be decarboxylated to give the same dinitrostilbene by heating 
with piperidine. Their properties will be described in a future 
paper. 

Preliminary investigation showed that 3 :4 '-dinitrostilbene di- 
bromide * on heating with pyridine lost both atoms of bromine; the 
stilbene was therefore converted into a mixture of dichlorides , from 
each of which (although with much greater facility in the case of the 
low-melting ^-variety), by prolonged heating with pyridine, one 

♦ A detailed description of this dibromide will be given in a subsequent 
paper. 
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molecule of hydrogen chloride was eliminated, with the formation 
of only one monochlorodinitrostilbene, having one of the configur¬ 
ations I and II. 


(I.) 


CH==CC1 

\ /\ 


cct 


NO, 


or 


a-Chloro-4: 3'-dinitrostilbene. 


s °0 ( 


CH 

\ 


NO, 


(II.) 


a-Chloro-3 :4'-dimtrostilbeno. 


The chlorostilbene was eventually * decomposed by warm con¬ 
centrated sulphuric acid, with the formation of a coloured inter¬ 
mediate compound (not isolated). This on decomposition with 
water passed through the transitory enol form to produce 4 -nUro- 
phenyl 3-nitrobenzyl ketone (III). 


CO-CH, 


0 0 N °’ 

no 2 

(hi.) 


H.C- 


-CO 


0 U No = 

NO, 


H 2 C 

y 


-CH-OH 




(IV.) 


/\ 

I l]SfO 
\/ \/ 2 
no 2 

(V.) 


That this ketone had the structure shown was proved by oxidising 
the intermediate aldol, 3:4'- dinitro -a[3- diphenylethyl alcohol , 
isolated as a by-product from the stilbene condensation and therefore 
possessing the configuration (V), with chromic acid in acetic acid solu¬ 
tion, when the isomeric 3 -nitrophenyl k-nitrobenzyl ketone (IV) was 
obtained. - }* Another proof of the constitution of (III), by its syn¬ 
thesis from 3 :4'-dinitro-a-phenylcinnamamide, will be described 
shortly. 

Each of these ketones (III and IV) was converted into the corre¬ 
sponding monochlorodinitrostilbene by treatment with phosphorus 
pentachloride, and although these two products melted at approxi¬ 
mately the same temperature, a mixed melting point determination 
showed a depression of 20°, and further, each chlorodinitrostilbene, 
on treatment with sulphuric acid as before, was reconverted into the 
corresponding ketone. 

Without doubt the monochlorodinitrostilbene formed by loss of 
the elements of hydrogen chloride from 3:4'-dinitrostilbene 
dichloride is I and not II. 


* Prolonged boiling with silver acetate in acetic acid, with potassium 
acetate, or with formic acid was ineffectual. An attempt to prepare the 
ozonide met with no greater success. 

t Finzi had shown (Monatsh., 1905, 26, 1128) that oxidation of a sub¬ 
stituted deoxybenzoin to the benzil cannot be carried out with chromic acid 
in acetic acid. 
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Experimental. 

3 :4' -Dinitrostilbene .—A mixture of ^-nitrophenylacetic acid 
(76 g.) and m-nitrobenzaldehyde (63*5 g.) was heated with piperidine 
(13 g.) at 110° for 1 hour (carbon dioxide and water were expelled; 
the liquid then set to a semi-solid mass); thereafter the temperature 
was raised to 150° * during 2 hours. The product was boiled with 
alcohol (200 c.c.) until the solid cake had disintegrated, and the 
dinitrostilbene was then filtered off, pulverised, and repeatedly washed 
with boiling alcohol (about 300 c.c.) until it was bright yellow. It 
crystallised from acetic acid, nitrobenzene or pyridine in yellow 
needles, m. p. 217° (Found: C, 62*35; H, 3*75. C 14 H 10 O 4 N 2 

requires C, 62*2; H, 3*7%). It is slightly soluble in hot 
benzene, acetone, ethyl acetate, or chloroform, but very sparingly 
soluble in boiling alcohol. The yield was 30%. On standing, the 
mother-liquor and washings deposited a dark brown, viscous oil 
which could not be purified; treatment of this with cold strong 
sulphuric acid increased the total yield of dinitrostilbene to 55%. 

3 : 4c'-Dinitro-a$-diphenylethyl Alcohol (V).—After removal of this 
oil, addition of water precipitated a light yellow solid which, after' 
crystallisation from acetic acid and then from alcohol, melted at 
147—148° (Found: C, 58*1; H, 4*3. C 14 H 12 0 5 N 2 requires 

C, 58*3; H, 4*2%). This substance is soluble in alcohol, acetic 
acid, ethyl acetate, or acetone, and sparingly soluble in ether or 
benzene. Heating with piperidine or treatment with cold strong 
sulphuric acid produces the dinitrostilbene. Slow evaporation of 
the solution after removal of the aldol compound caused the separa¬ 
tion of a little _2?-nitrotoluene, and on long standing the residual 
liquors deposited thin leaflets which crystallised from alcohol in 
straw-coloured needles, m. p. 168—169° (Found: 0, 59*7; H, 5*2. 

requires 0, 60*15; H, 5*3%). This compound is there¬ 
fore the piperidine salt of one of the two stereoisomeric 3:4'-dinitro-a- 
phenylcinnamic acids, m. p. 221°.f If the temperature of condens¬ 
ation is allowed to rise to 160° after 1 hour, the yield of dinitro- 
stilbene is even less than usual, much more p-nitrotoluene being 
formed. After removal of the normal reaction products (no pure 
aldol can be isolated) a crop of crystals separates, which after 
crystallisation from alcohol consists of bright yellow needles, m. p. 
204—205° (decomp.) (Found: C, 59*85; H, 5*5. C 20 H 21 O 6 N 3 
requires G, 60*15; H, 5*3%). This is the piperidine salt of the 
other stereoisomeric substituted cinnamic acid, m. p. 205*5°.f 

Above this temperature much decomposition takes place. 

T he free acids were obtained by treatment of the piperidine salts with 
WMm sodium carbonate solution, and subsequent acidification; the melting 
pehds 'were not depressed by admixture with authentic samples* 
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a- and p-j Forms of 3 : 4' -Dinitrostilbene Dichloride .—Finely 
divided 3 :4'-dinitrostilbene (20 g.) was suspended in chloroform 
(750 c.c.),* and dry chlorine passed in during 4 hours. After stand¬ 
ing for 4 days, the excess of chlorine was removed from the filtered 
solution by shaking carefully with dilute sodium bisulphite, and then 
with sodium hydroxide. After having been washed and dried, the 
chloroform solution was evaporated to a small bulk until deposition 
of the dichloride commenced (concentration beyond this stage tends 
to blacken the product). When cold, the white crystals were 
filtered off, washed with a little chloroform, and dried (15 g.; 60% 
yield). They consisted of a mixture of the a- and p-forms, and 
melted at 188—196°. By two crystallisations from acetic acid 
the pure a-form could be obtained in thin plates, m. p. 207° 
(Found: Cl, 20-9. C 14 H 10 O 4 N 2 Cl 2 requires Cl, 20-8%). The more 
soluble p-form, m. p. 132—138°, was never obtained quite pure 
(Found: Cl, 21*1%). Both forms are appreciably soluble in 
alcohol. 

a - Ghloro -4:3'- dinitrostilbene (I).—Preliminary investigation 
having shown that the a- modification of the dichloride is much 
more stable to pyridine than the P-, the crude mixture of dichlorides 
(75 g.) was heated (water-bath) with pyridine (160 g.) for 90 hours. 
On cooling, bright yellow, glistening needles of the monoehloro- 
dinitrostilbene crystallised out, which after recrystallisation from 
acetic acid melted at 161° (Found: C, 54*9; H, 3*1; Cl, 11-5. 
C 14 H 9 0 4 N 2 C1 requires C, 55*2; H, 2*95; Cl, 11*6%). Precipitation 
of the mother-liquors with alcohol resulted in a further small 
quantity (total yield = 77%). No other product was isolated*! 
This compound crystallises well from pyridine, acetic or formic 
acid, benzene, chloroform, or acetone. It is but sparingly soluble 
in alcohol, ether, or carbon tetrachloride. 

4 -Nitrophemjl 3 -Nitrobenzyl Ketone (III).—Finely powdered 
a-chloro-4:3'-dinitrostilbene (I) (5 g.) was gently warmed with 
strong sulphuric acid (20 c.c.) during 1 hour (above 60°, charring 
takes place). When the evolution of hydrogen chloride had ceased, 
the deep red solution was cooled and poured on to ice. The almost 
white precipitate was crystallised from alcohol, and then from 
acetic acid; clusters of white needles, m. p. 134°, were thus obtained 

* A smaller quantity of solvent is inadvisable, owing to the slow speed of 
absorption of chlorine by the stilbene. 

f The liquors were concentrated almost to dryness on the water-bath and 
warmed with strong sulphuric acid. After the vigorous evolution of hydrogen 
chloride (chiefly from the pyridine hydrochloride) had ceased, the product 
was poured into water, and the lutarious deposit crystallised from alcohol 
(charcoal). It melted at 129° and did not depress the melting point of III. 
It had therefore been formed from the same ohlorodinitrostilbene. 
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(Found : C, 58*5; H,“3*6. Ci 4 H 10 O 5 N 2 requires C, 58*7 ,* H, 3*5%). 
This ketone is easily soluble in all the usual solvents except ether, 
light petroleum, or carbon tetrachloride. It gives a semicarbazone 
which crystallises from alcohol in pale yellow needles, m. p. 219°. 
Treatment of the ketone at its melting point with phosphorus 
pentachloride reconverted it into the monochlorodinitrostilbene. 

2-Nitrophenyl 4- Nitrobenzyl Ketone (IV).—A solution of the aldol 
compound (V) (4*5 g.) in hot glacial acetic acid (45 c.c.) was cooled to 
50° without allowing deposition of solid, treated with a 10% solution 
of chromic acid [prepared from crystalline sodium dichromate 
(7*5 g.), sulphuric acid (10 g.), and water (35 g.)] during 1 hour, and 
then, while still warm, with water (10 c.c.). The ketone which 
separated crystallised from 95% alcohol in pearly plates (yield 
75%), m. p. 102° (Found : C, 58*65; H, 3*45. C 14 H 10 O 5 N 2 requires 
C, 58-7; H, 3*5%). The solubilities of this ketone approximate 
very closely to those of the isomeric ketone (III), m. p. 134°. It 
gives a semicarbazone which crystallises from alcohol in bright yellow 
rhombs, m. p. 230°. 

a-CJdoro-3 : 4' -Dinitrostilbene (II).—Treatment of the ketone (IV) 
at its melting point (brine-bath) with phosphorus pentachloride 
furnished the corresponding monochlorodinitrostilbene in fair yield; 
on crystallisation from acetic acid, it formed small clumps of light 
brown needles, m. p. 162° (Found: C, 55*0; H, 3*0; Cl, 11*8. 
Ci 4 H 9 0 4 lNr 2 Cl requires C, 55*2; H, 2*95; Cl, 11*6%). A mixture of 
the two isomeric monochlorostilhenes melted at 142—145°. The 
solubilities of this isomeride (m. p. 162°) are almost identical with 
those of the other (m. p. 161°). The degrees of stability, too, are 
comparable, since prolonged boiling with formic acid or with silver 
acetate in acetic acid does not remove the chlorine atom. Pyridine 
is also without action. Concentrated sulphuric acid at 60° converts 
it into the ketone (TV) from which it was derived, but so far as could 
be ascertained there was no difference in the rate of decomposition 
of the two monochlorodinitrostilbenes. 

Action of Concentrated Sulphuric Acid .—The dinitrostilbene 
furnishes a bright red solution, from which the unchanged product 
is recovered on dilution with water: both monochlorodinitro¬ 
stilbenes (I and H) give deep red solutions on warming and evolve 
hydrogen chloride vigorously; they char considerably at 80°: the 
dinitrostilbene dichloride yields a faintly pink solution, with very 
slight evolution of gas; it chars somewhat at about 80°: the 
I dinitrostilbene dibromide gives a pink colour and evolves hydrogen 
| bromide at 70—80°; there is no sign of charring, and the product 
with water and crystallisation from alcohol still 
bromine. 
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The University, Manchester. [Received, November 21th, 1925.] 


LXXXI .—The Budde Effect in Bromine . Part I . The 

Photoactive Constituent of Wet Bromine . 

By Bernard Lewis and Eric Keightley Rideal. 

The experiments of Dixon and of Baker (Rep. Brit Assoc., 1894, 
p. 493; J., 1884, 45, 611) on the influence of small traces of water 
on physical and chemical changes have led to the theory of internal 
equilibrium of Smits (“ The Theory of Allotropy/ 5 Longmans and 
Co.) in which it is assumed that water acts as a catalyst in acceler¬ 
ating the attainment of equilibrium between various polymeric 
or allotropic forms of simple molecules in homogeneous systems 
which were originally in metastable states. To exert this catalytic 
activity it must be assumed that the water makes a temporary 
complex with the reactant, which complex must be capable of 
excitation or activation more readily than the reactant molecules 
themselves. 

The earlier experiments of Budde (Pogg. Ann,, 1871, 444, 213; 
Wied. Ann., 1879, 6, 477), Mellor (J,, 1902, 81, 1280), and Bevan 
{Phil. Trans., 1903,202, A, 71) as well as those of Pringsheim (Wied, 
Ann., 1887, 32, 385), Richardson (Rep. Brit. Assoc., 1888, p. 89). 
Shenstone (J„ 1897, 71, 471), and Cordier (Monatsh., 1900, 21, 
660) revealed the fact that dry chlorine differed from moist chlorine 
in that on exposure to radiation, especially in the blue and violet 
portion of the spectrum, moist chlorine underwent expansion, but 
dry chlorine, although absorbing the radiation, showed no such 
expansion. This “ Budde 55 effect has likewise been noted by 
Budde (loc. cit) and by Ludlam (Proc. Roy . Soc. Edinburgh, 1924, 
44, 197) in the case of bromine. 

The early experiments made it clear that the expansion in the 
moist halogen was due to the conversion of absorbed radiation into 
thermal energy of molecular agitation and it was assumed from 
this fact that, since the Budde effect is still obtainable in a region 
of the spectrum in which the quantum is small (in the case of bromine 
a Budde expansion is still noticeable at X « 5800 A., whilst accord¬ 
ing to Franck [Photochemical meeting, Oxford, 1925], from a 
consideration of the distribution of the absorbed energy between 
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rotational, oscillatory, and electronic quantum states of the mole¬ 
cule, dissociation of the molecule cannot be effected with a wave¬ 
length greater than 1 = 5000 A.), the thermal effects are not pro¬ 
duced by a primary activation of a bromine molecule followed by 
a splitting into atoms with their subsequent recombination. It has 
also been shown by Sir J. J. Thomson (. Proc . Oamb . Phil. Soc., 
1901, 11, 90) that the formation of charged ions according to the 
reaction Br 2 Br* + Br' does not occur, a view which can likewise 
be demonstrated to be improbable from a comparison of the magni¬ 
tudes of the energies required for dissociation into atoms and ions 
respectively. How the moisture caused the conversion of radiant 
into kinetic energy was not elucidated. We may note, however, 
that Bevan (be. cit.) postulated the existence of complexes such as 
(Cl^HgOyhy* in the water-sensitised hydrogen-chlorine mixture, 
and on analogy with this conception it might be argued that a 
hydrate (Br 2 ) a; (H 2 0) y was the photoactive constituent responsible 
for the Budde effect. Alternatively it might be suggested that in 
the metastable, freshly distilled, dry halogen a photosensitive 
polymeride of bromine is absent, but is present when the inner 
equilibrium is attained with the aid of the catalytic water. With 
the exception of the work of Coehn and Jung (Z. physikal. Ghem ., 
1924,110, 705) on the hydrogen-chlorine reaction, no quantitative 
work on the influence of water on such reactions has been accom¬ 
plished and it appeared of interest to examine the Budde effect 
in bromine in more detail. 

It may be stated at the outset that the experimental data support 
the hypothesis that the Budde effect is due to a photosensitive 
bromine hydrate of composition Br 2 ,H 2 0 and that the water does 
not function as a catalyst in the formation of a photosensitive 
polymeride of bromine. Having established this point, it was 
necessary to investigate the properties of this hydrate in more 
detail such as its heat of formation, the value of the equilibrium 
constant of the reaction Br 2 + HL>0 — H 2 0,Br 2 and the distribution 
of the hydrate, i.e., the partition of the hydrate between the surface 
and bulk phases in the reaction vessel. 

finally, it was decided to investigate how far the absorption 
spectrum of the hydrate differed from that of bromine vapour, to 
evaluate its absorption coefficient, and to suggest a hypothesis as 
■ to the mechanism of operation of the Budde effect. 

The importance of these points would appear not to be confined 
'Jethe Budde effect alone, for if hydrates do exist in the gas or 
P^dd phases of non-polar, or feebly polar substances, it is to be 
anpnpated that the walls of the containing vessel which adsorb 
water readily will likewise adsorb the hydrate. Thus the partition 
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of the hydrate between the bulk and surface phases will obey an 
equation of the type found to hold in the isothermal adsorption 
of vapours and will prove an important factor in the relative rates 
at which reactions, which are ex hypothesi due to this hydrate, 
occur in the two phases. 

Again, whilst dry bromine does absorb light within a large 
portion of the spectral region which causes the Budde effect in wet 
bromine, no thermal effects are to be noted. It follows that the 
apparent absorption is fictitious, for the light must be re-emitted 
as fluorescent light or scattered from the molecules. The hydrate 
molecules, on the other hand, absorb the light which is subsequently 
converted into thermal energy. The data from absorption spectra 
clearly do not distinguish between these two phenomena. The 
influence of water in cutting down the fluorescence of dry hydrogen 
and oxygen exposed to illumination of a quartz mercury vapour 
light recently noted by Baker * (J., 1925, 127 , 1990) and the fluores¬ 
cence of dry active hydrogen yielding the line X — 3064 A., a water 
vapour line (Bonhoeffer, Z. physical. Chem ., 1925, 116 , 39), would 
appear to be a phenomenon similar to that occurring in bromine. 

Experimental. 

Two forms of apparatus were employed for determination of the 
effect of alteration in the partial pressures of the bromine and 

Pro. 1. 


r 



C 


water on the magnitude of the Budde effect. For low partial 
pressures of water, the following method was devised. The reaction 
vessel, A , of 20 c.c. capacity, consisted of a bulb with plane-parallel 
sides, 2-35 cm. apart, connected on one side by capillary glass 
tubing to the phosphoric oxide tube, X, and the glass gauge, B. 
On the other side capillary connexions were made to the bromine 
and water reservoirs D and E, the drying train, F, the McLeod 
gauge, j ff, and mercury vapour pump line, G, 

During evacuation of the reaction vessel the gauges and reactant 

* Communicated at a meeting of the Society. 
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reservoirs were temporarily disconnected by capillary glass inner 
seals 1, 2, 3, 4, which were provided with iron rods enclosed in 
glass permitting of fracture of the seals with the aid of an electro¬ 
magnet. Between the diffusion pumps, G, and the apparatus a 
liquid air-trap was placed to prevent back-diffusion of mercury 
vapour. The gauge, B, consisted of a well-annealed (5 months), 
collapsed elliptical glass bulb forming a Bourdon indicator, attached 
to a 30 cm. glass pointer, to the end of which one arm of a quartz 
bifilar suspension for a mirror, G , was attached. The mirror was 
steadied by means of a mica vane dipping in water, the surface 
tension of which was lowered by the addition of a drop of oleic 
acid, thus permitting unhindered movement of the mirror. A 
spot of light from the mirror on a scale one metre away was 
followed. The sensitivity of the gauge could be varied by alter¬ 
ation, with the aid of a micrometer screw, of the position of the 
left arm, H, of the bifilar suspension; pressure changes of 1/120 mm. 
of mercury could be registered when it was in most sensitive 
adjustment. The gauge was calibrated with the aid of a mercury 
manometer and eye-piece, frequent calibration showing but little 
change in the characteristics. 

The apparatus employed for the higher vapour pressures of 
water was similar to that described above, but in place of internal 
seals, stopcocks, lubricated by two rims of chlorinated odourless 
wax, were employed. In place of the water reservoir, a bulb 
containing sodium sulphate decahydrate was employed as source 
of water vapour, which was connected to the reaction vessel and 
' pump through a small dosing apparatus of 0*3 c.c. capacity per¬ 
mitting of admission of small quantities of water vapour to the 
dry bromine. The source of light was a 1000 c.p. point light, 
parallel rays being obtained with a collimator, the reaction vessel 
being mounted in a plane-sided trough through which water was 
circulated from a thermostat. Between the collimator and the 
trough was placed a smaller trough in which the requisite colour 
filters could be placed. 

Materials .—The bromine was prepared by distillation of the 
; purest obtainable bromine, twice over zinc oxide and once over 
freshly prepared phosphoric oxide in a closed system which had 
originally been baked out. The bromine was stored over phos- 
■ Ifcorio oxide in a sealed vessel and was not used for the dry experi- 
until 9 months later. The data of Ramsay and Young 
49 , 453) were employed for the vapour pressure at various 

sulphate decahydrate was prepared by triple crystal- 
and partial desiccation. The dissociation vapour pressure 
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at 0° employed was 2*77 mm., from the value given by Baxter 
and Lansing in the Landolt-Bornstein tables. 

The water employed was pure conductivity water, and the vapour 
pressures were calculated with the aid of the equation of Nernst 

(Verb. deut. physikal. Ges., 1907,11, 313) : log 10 = - — + 

1*75 log T — 0-002107 + 6-5343, substantiated experimentally to 
100° K. by S. Weber (Communication Lab . Leyden, 1915,14, 150a). 

Three different vapour pressures were employed at temperatures 
corresponding to the freezing points of toluene, ethyl acetate and 
chloroform. The values are in the following table : 


Substance. 

Melting toluene. 

„ ethyl acetate 
„ chloroform ., 


Temperature. 

-93° 

-83 

-63 


V. p. above the ice 
in mm. Hg. 

3-9 x I0- B 
2*3 X 10- 4 
5-3 X 10- 3 


Method of Operation ,—The method of operation employed was 
as follows. The reaction vessel was placed in an electric furnace 
and the capillaries and connexions up to the seals were wound 
with nichrome wire and thoroughly lagged with asbestos. One or 
two small parts were heated frequently with a Bunsen flame. A 
vacuum (less than 10’ 6 mm. Hg) was maintained in the system at 
400° for 5 days. The seal connecting the system to the ice main¬ 
tained in liquid air was first broken with the connexion still open 
to the pumps. The high vacuum was rapidly reached again, the 
pumps were disconnected, the liquid air was replaced by melting 
toluene, and the water vapour allowed to pass into the reaction 
bulb. When equilibrium was attained (over an hour), the capillary 
tube leading to the water-vapour container was sealed under the 
blow-pipe, and the reservoir removed. Dry bromine at the required 
partial pressure (the bromine reservoir had been previously evacuated 
and maintained at a desired temperature) was admitted, and the 
bromine reservoir removed in a similar manner. Finally, dry air 
was admitted to atmospheric pressure, and the connexion sealed. 
The phosphoric oxide tube, X , was sealed and the connexion to 
the gauge established by breaking the capillary seal (1), Finally, 
the tube containing the iron rod at seal (1) was sealed and removed. 

The reaction vessel was brought to a uniform temperature by 
the circulating water, and the deflection on the gauge observed for 
various distances of the lamp and with various colour filters 
(Wratten light filters). Finally, the gauge setting was calibrated. 
Four separate experiments were carried out in this manner, one 
with dry bromine-air mixture, in which no Budde effect was noted 
under the most intense illumination, and three with water vapour 
at the partial pressures given above. 
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For determination of the Budde effect at higher water-vapour 
pressures, taps instead of internal seals were employed and evacu¬ 
ation was effected with a Toepler pump instead of the diffusion 
pumps. On admission of dry bromine and air to the reaction 
vessel a small Budde effect was always noticeable under strong 
illumination, indicating that traces of water vapour (0*001 mm.) 
could not be eliminated entirely by this procedure. 

To admit definite quantities of water to the evacuated system, 
the sodium sulphate reservoir at 0° was opened to the 0*3 c.c. 
capillary doser, thus filling it with water vapour at a partial 
pressure of 2*77 mm. Bromine was admitted to the reaction vessel, 
and then dry air passed through the doser into the 20 c.c. bulb, 


Fig. 2. 



thus sweeping the water vapour into the reaction system. Any 
number of doses could be admitted in this manner. 

Neither with air nor with dry bromine on illumination was the 
slightest change in pressure observed, but in the presence of 
moisture a rapid rise in pressure, approaching an equilibrium 
value within 20 to 30 seconds, was always obtained. On cutting 
off the illumination, the light spot of the gauge indicator returned 
to its initial position. 

An investigation of the magnitude of the Budde effect with 
|various light filters showed (the Wratten filters 15, 16, 21, 25 as 
well as various combinations were permeable to photochemically 
active light) that light of wave-length longer than X = 5800 A. 
produced no detectable effect; light within a region 5600 A. to 
5500 A. was particularly effective. Accordingly, a filter com¬ 
bination transmitting red light and light from 5400 A. to 5700 A. 
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with a maximum permeability near 5500 A. was employed for all 
quantitative experiments. 

An investigation revealed that the energy distribution in the 
various wave-lengths between 5000 A. and 6000 A. of the point 
light as measured with a thermopile and galvanometer was uniform, 
thus a mean of the effective extremes of the light filter could be 
assumed. 

Results .—In the curve (Fig. 2) is given the relationship between 
the Budde effect in bars (dynes per sq. cm.) as a function of the 
partial pressure of the water vapour at a constant bromine pressure 
of 158 mm. and a temperature of 40°. Some of the values obtained, 
from which the curve was plotted on a very large scale so as to 
permit of accurate analysis, are in the following table : 

Partial press, of Br, 158 mm. Temp, of bath, 40°. Distance of lamp, 15 cm. 

Press, of H s O Deflection Press, of H 2 0 Deflection 

in mm. Hg. in bars. in mm. Hg. in bars. 

0 0 8-3 x lO" 2 1830 

3- 9 X 10~ 5 66 1-245 X 10" 1 1950 

2-3 X 10r* 226 1-66 X lO" 1 2020 

5-0 X 10" 3 958-8 3*32 x lO" 1 2140 

4- 15 X 10" 2 1640 5-395 X 10" 1 2140 

It will be noted that the curve may be divided into three por¬ 
tions; for low partial pressures of water up to 0*005 mm. the 
Budde effect rises rapidly; this is followed by an almost linear 
portion of the curve (0*03 mm. to 0*16 mm.) in which the Budde 
effect increases proportionally to the increase in the water-vapour 
pressure; finally, at high water concentrations, the Budde effect 
increases less rapidly, attaining a maximum of ca. 2140 bars at a 
partial pressure of 0*3320 mm., which is not affected even when 
the water-vapour pressure is increased to 0*5810 mm. It was 
suspected that this apparent maximum as well as that shown in 
Fig. 3 was due to complete absorption of the active radiation. 
Proof of the correctness of this view was obtained in the following 
ways. The Budde effect for these high water concentrations was 
found to be dependent on the distance of the source of illumination 
from the bulb as shown by the following data, a being the distance 
(cm.) of the lamp from the reaction vessel, and b the deflection in 
scale-divisions: 


« . 72 62 52 42 32 22 15*5 11 

& . 5 7 10 16 25*5 44—45 82 160 


It might indeed be argued that the flattening of the curve is 
caused by increased heat radiation outward, as the Budde effect 
increases. In the following manner this view was found to be 
incorrect, within the magnitudes of the Budde effect, and our first 
view more directly confirmed. A very fine platinum filament, 
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terminating in thick platinum wires, was sealed in the reaction 
vessel, which was filled with bromine and water vapour to the 
desired partial pressures. Several partial pressures of bromine 
were employed. An electric current was passed through the spiral 
filament and from a knowledge of the current passing and the 
potential difference across the spiral the heat evolution in calories 
per second to give various expansions measured on the gauge 
could readily be determined. Kg. 4 shows the curve, average 
values of deflections for different bromine concentrations (these 
varied only a little) being plotted as ordinates against calories 
per second developed by the spiral as calculated from H = 0-24RI 2 . 
It will be observed that the curve bends only slightly within the 
limits employed. If, now, one takes two deflections on curve A 
(Fig. 3) and plots as abscissa the heat corresponding, as obtained 
from Fig. 4, and then from this interval one obtains the scale 
plotting in place of bromine pressure as abscissa, the calories per 
sec. (Curve C), one observes that the two curves coincide along the 
rectilinear portion. It is clear that if the falling off of the Budde 
effect were due to increased heat radiation, the two curves should 
coincide throughout. But the Budde effect falls off much more 
rapidly, supporting the view that the maximum is due to complete 
absorption of the actinic rays. 

The following furnishes additional proof for the total extinction 
of the actinic rays at the maximum. When the surface is practically 
saturated, the course of the curve is governed by the absorption 
of light in accordance with Beer’s law. 

I e s= 

where K is the constant concentration of hydrate on the surface 
(see later, p. 593). 

Hence log (J e /Z 0 ) = — h(dc + K) or log (I 0 /I e ) = h'c + K'. 


C, the concentration of the hydrate, is proportional to the water 
concentration in the bulk phase. Curve A (Fig. 2) shows that 
from 0*03 mm., where the surface concentration is practically up to 
saturation, this proportionality holds true until complete absorption 
of the light. 


6 i, certain pressure range the Budde effect increases pro- 
ly to the increase in the partial pressure of. the water 

3 are plotted the Budde effects as functions of the partial 
of bromine at the constant water-vapour pressures of 
.. (A) and 0*20 mm. (B), respectively, and at 40°, the 
of the lamp from the bulb being 21 and 32 cm., respectively, 
partial pressures of bromine of ca. 20 and 40 mm., respec- 
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tively, the curves follow the same course as those noted for the 
constant bromine-variable water-vapour pressure curves, viz., the 
Budde effect is proportional to both the partial pressure of the 
bromine and of the water vapour. Such a relationship is most 
readily interpreted on the assumption that the photoactive con¬ 
stituent responsible for the Budde effect is a bromine hydrate of 
composition Br 2 ,H 2 0 in mass equilibrium with the reactants 
according to the equation 


Br 2 -f- H 2 0 Br 2 ,H 2 0. 



20 60 100 200 300 400 


ox cn oi m 


( Pressure of 
4 bromine in 
( mm. Hg. 


Calories per sec. x 10 3 . 


In the light of this hypothesis the convex form of the curve for 
low water-vapour pressure (Fig, 2) and the concave form of the 
constant water-vapour pressure curves at low bromine pressures 
(Fig. 3) are significant. 

It is clear that when the partial pressures of water are low (below 
0*005 mm.) the Budde effect rises more rapidly than we should 
be led to expect from application of the law of mass aotion to the 
bulk phase. If bromine hydrate were strongly adsorbed by the 
walls of the glass vessel, the surface concentration increasing with 
the partial pressure until a saturation maximum was attained at 
about 0*10 mm,, the reason for this increase of the Budde effect at 
low partial pressures of water vapour and the convex form of the 
curve when the walls are dry would be clear. Again, if in the 
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presence of high pressures of water and low partial pressures of 
bromine the walls of the vessel are covered with water, the Budde 
effect will consequently be proportional to the bromine hydrate 
in the gas phase at the commencement, but will rise more rapidly 
as the pressure of the hydrate increases and displacement of the 
adsorbed water by the latter commences, thus explaining the initial 
concave form of the curves for low bromine and high water-vapour 
pressures. With low partial pressures of water (Fig. 3, curve B) 
it will be seen that the displacement of water from the surface by 
the hydrate commences at a lower partial pressure. After this 
initial curvature the curve rises in a linear manner proportional 



0 0*2 0*6 1*01*2 1-6 2*0 3 4 5 

Calories per second X 10 s . 


to the quantity of bromine hydrate present both in the surface 
and the gas phases. 

Such a view, which is advanced from a knowledge of the hygro¬ 
scopic nature of glass and the convex and concave forms of the 
bromine-water-vapour pressure curves at low partial pressures, is 
greatly strengthened by careful analysis of the convex curve. The 
Budde effect is, according to this view, due to absorption of light 
by bromine hydrate which is present both in the bulk phase and 
I on the surface of the glass. The curve at low partial pressures of 
P water is thus the effect of both the bulk and the surface concen- 
||«fkations. The bulk concentration increases in a linear manner 
increase in water-vapour pressure until the light absorption 
becomes great, and this portion contributes a Budde effect given 
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by the line oa (Fig. 2). The surface concentration at various 
partial pressures contributes a Budde effect given by the curve 
oB—oa. If this be the case, it should be capable of expression in 
the form of an adsorption isotherm. Since it is probable that the 
water vapour and hydrate layer is but one molecule thick, the 
partial pressures being far lower than those employed by McHaffie 
and Lenher (J., 1925,127, 1559), where multhnolecular layers were 
formed, the Langmuir isotherm should be applicable : 

% = ap/(l + bp), 

where x = the surface concentration of the hydrate or is propor¬ 
tional to the Budde effect in the surface, p = the partial pressure 
of the hydrate in the gas phase or is proportional to the concen¬ 
tration of water, and a and b are constants. 

The prolongation of the rectilinear portion of the curve, where 
the surface is hydrate-saturated, intersects the ordinate at 1610 
bars. This, then, is the limit to the Budde effect produced by the 
surface phase. 

Hence when p is large, x = ajb = 1610, 

for p = 0-0005, 300 = 0-0005a/(l + 0-00056). 

From which we obtain 6 = 458, a = 7*38 X 10 5 . 

The following table shows the calculated and the observed values 
(in bars) of the Budde effect in the surface phase for increasing 
water-vapour pressures. 


Partial press, 
of H 2 0 (mm.). 

x ealc. 

x obs. 

Partial press, 
of H s O (mm.). 

x calc. 

x obs. 

3*9 X 10- 5 

28-4 

66 

0-01 

1320 

1200 

2*3 X 10“* 

154 

226 

0*03 

1500 

1500 

5-0 X 10“* 

300 

300 

0*08 

1573 

1590 

5-0 X 10“ 8 

1100 

950 




Taking into consideration the difficulties of evaluating 

the actual 


values of the Budde effect for the initial portion of the curve, 
which is extremely steep, the agreement between the observed and 
the calculated values does not exceed the experimental error. 

The bromine hydrate which is the photoactive constituent 
responsible for the Budde effect is thus present in the reacting 
system both on the walls of the containing vessel and in the homo¬ 
geneous gas phase, the distribution between surface and bulk phases 
obeying the usual adsorption isotherm equation. 

In order to confirm the view that even at low partial pressures 
of water vapour there was adsorbed on the walls of the containing 
vessel a relatively large quantity of hydrate even when the bulk 
concentration was low, the following experiment was devised. 

A small horizontal cell 4 cm. long and 1-25 cm. in diameter with 
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plane glass ends was constructed. Inside the cell a round cover- 
slip was placed in a vertical plane so that the light passed through 
the ends of the cell and through the coverslip; a gentle shaking of 
the cell permitted the coverslip to fall down so that the narrow 
circular beam of light now passed only through the ends of the 
cell and the gas phase. Behind the cell a small Moll thermopile 
was placed so as to obtain a measure of the radiation absorbed by 
the cell. In addition, the cell was connected to the glass gauge 
and bromine reservoir in the usual manner. 

The following data were obtained on illumination with light 
passing the colour filters employed in the previous investigation. 

Wsspt, I. Thermopile galvo. 

Cell. Gas in cell. deflection. Budde effect. 

Coverslip up. Air. 22-27 \ OA . nil 

„ „ Bromine at 104 mm. 20-23J 7—8 av. 7-5 

Coverslip down. „ „ „ 21-15\. , 0 4 

Air. 22-27nil 

It will be noted that with air, the position of the coverslip did 
not affect the amount of light falling on the thermopile, indicating 
absence of scattering, reflection or absorption of the light due to 
the glass. When the coverslip was up, the light passed through four 
glass-gas interfaces and when down through but two such inter¬ 
faces, the former producing a larger Budde effect and a larger 
light absorption. If the amount of hydrate in the homogeneous 
gas phase be denoted by x s producing a Budde effect, Jcx, and a 
light absorption, lx, and that on each glass-gas interface be denoted 
by y, producing effects ky and ly, respectively, we obtain the 
following relationships: 

{a) Brom the Budde effect. 

4y + x = 7*5& and 2y + £ = 4&, 

whence 2 y = 3*5 k and x = 0*5£, 

or 12*5% of the Budde effect is produced by hydrate in the gas 
phase and 87*5% produced by hydrate on the two flat ends of the 
cylinder. 

(b) Brom the absorption of light. 

4y -f* x = 2*04Z and 2y -f x = 1-12Z, 

whence 2 y = 0*927 and x = 0*20Z, 

or 17*8% of the Budde effect is produced by hydrate in the gas 
phase and 82*2% produced by hydrate on the two flat ends of the 
cylinder. 

A repetition of this experiment with a bromine pressure of 
^ 149 mm. with the same water-vapour pressure gave the following 
j walues: 
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Coverslip up. Coverslip down. 


Absorption . 3*06 1*75 

Budd© effect . 12 7 


whence we obtain the following percentages for the distribution^ 
the hydrate : 

% In bulk phase. % On surface phase. 

From Budde effect . 28 72 

From absorption of light . 25*3 74*7 


As the concentration of hydrate is increased by elevation of the 
bromine pressure, the bulk concentration of hydrate increases 
more rapidly than the surface concentration, which, as shown in 
the previous experiments, finally approaches a surface saturation 
maximum. Prom Pig. 2 the percentage of the maximum Budde 
effect caused by the surface phase is 75, and that of the volume 25 
under the experimental conditions. 

In Pig. 3 the initial concave portion of the curve was attributed 
to the effect of the surface adsorption of water vapour which when 
present in large quantities could displace bromine hydrate when 
present in but small quantities, i.e., at low partial pressures of 
bromine. 

To confirm this view, both the light absorption and the Budde 
effect for the bromine in the small cell were determined for low and 
high partial pressures of water. If excess of water displaces the 
adsorbed bromine hydrate from the glass surfaces, we should 
anticipate that, in spite of the increase of the bromine hydrate in 
the bulk phase due to the addition of water, the removal of the 
bromine hydrate by displacement from the walls will cause a 
diminution in the total Budde effect. The following data were 
obtained : 


CeU containing 

Air ....». 

Bromine at 144 mm... 

Bromine at 144 mm. and H 2 0 
vapour at 18° .. 


Deflection for 

Budde 


thermopile. 

effect. 

Absorption. 

25*49 

0 

— 

22*49 

11 

3*00 

23*12 

9 

2*37 


The di mi nution in the Budde effect on a very large increase in 
the partial pressure of water is clearly brought out. 

Summary . 

The Budde effect in bromine is shown to be proportional to 
both the partial pressure of bromine and of water vapour and is 
probably due to a photoactive bromine hydrate of composition 
Br 2 ,H 2 0. This hydrate is strongly adsorbed by glass surfaces and 
the relationship between the concentration in the bulk and the 
surface phases can be expressed in the form of an adsorption iso- 
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therm. The hydrate may be displaced from glass surfaces by 
water. The Budde effect was not observed on illumination of moist 
bromine with light of wave-length longer than X = 5800 A. 

The Laboratory or Physical Chemistry, 

Cambridge. [Received, November 16th, 1925.] 


LXXXII .—The Budde Effect in Bromine. Part II. 
The Kinetics of the Reaction and the Light Absorp¬ 
tion of Wet and of Dry Bromine . 

By Bernard Lewis and Erio Keightley Bideal. 

In Part I evidence was presented for the view that the photo¬ 
active constituent responsible for the Budde effect in moist bromine 
is a bromine hydrate of composition Br 2 ,H 2 0 which is present both 
in the homogeneous gas phase and on the walls of the containing 
vessel. The adsorption isotherm equation was shown to be applic¬ 
able to the partition of the hydrate between the two phases. 

It was considered of interest to examine the properties of this 
bromine hydrate in more detail. 

The Equilibrium Constant and Heat of Formation* 

Prom a determination of the Budde effect at various temperatures 
the alteration of the equilibrium 

Br 2 + H 2 0 Br^BLjO 

can be determined. The determinations were carried out with 
the apparatus described in the previous communication. A low 
partial pressure of water was employed so that the Budde effect 
was due almost entirely to the adsorbed bromine hydrate. The 
following values were obtained, t being the temperature of the 
bath, and KjK p the deflection in scale divisions : 


£ .... 99° 81° 63° 41* 22° 

K/K p . 86 95 106 122 140 


The deflection decreases, or the equilibrium constant, K p , where 

K p ± [Br 2 ][H 2 0]/[Br 2 ,&,()], 

increases, with elevation of the temperature. 

Since an intense light was employed and the bromine hydrate 
I .concentration was low, the deflection is proportional to the con- 
l:eentration of the hydrate on the surface and may be employed in 
the van t Hoff isochore to calculate the heat of formation. 
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Inserting the above values in the equation 

2-3 lo g 10 5 = I(r~ - 

we obtain the following values (in calories) for Q : Q sr = 1440, 
Q&> = 1455, • = 134:0, Q 22 , = 1336. 

Since & = Qo + (32 12 , where 2(3 = the difference in specific heat 
of reactants and products, we obtain 

P = 0*0028 and $o = 1090 cals. 

Thus the heat change in the formation of the hydrate in the 
surface phase can be expressed as follows : 

Br 2 + B^O = Br 2 ,H 2 0 + 1090 calories. 

The magnitude of Q 0 is in agreement with expectations regarding 
the heat of formation of such an unstable compound; it is practically 
identical with the heat change on solution of bromine in water : 

Br 2 (liq) + H 2 0 (600 mols.) —> Br 2 aq + 1080 calories. 

From a knowledge of the heat of reaction it is possible, with the 
aid of the approximation equation of the Nernst heat theorem, to 
calculate the value of the equilibrium constant. 

Inserting the values Q 0 = 1090 (if there is a difference in the heat 
of formation in the surface phase and the bulk phase it cannot be 
very large, for the heat of formation is already so small. We may 
therefore without serious error assume 1090 cal. as the heat of 
formation in the bulk phase), T = 313° K, = 1, and %vC = 3 in 
the equation 

bgio Kv = 4 ^ + 1*75 2v log T + SvC, 

we obtain log 10 K p — 6*61 or K p = 4*10 X 10 6 in atmospheres » 
3*10 X 10 9 in mm. 

From this value we find that with a partial pressure of bromine 
of 200 mm. and of water vapour of 10 mm. the partial pressure of 
the hydrate will be 0*65 X 10 “ 6 mm., equivalent to a concentration 
of 3*86 X Iff " 11 g.-mol. per litre in the bulk phase. 

The increase of pressure on illumination has been taken as a 
measure of the equilibrium constant at various temperatures. 
Such a procedure is justified, since the Budde effect has already 
been shown to be proportional to the concentration of the hydrate 
and the large value of K v for the equilibrium constant indicates 
that the equilibrium concentration of the hydrate is always so 
small that even large alterations in its concentration due to alter¬ 
ation in the temperature cannot affect the concentration of bromine 
or water, which may be regarded as constant. 


x 
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The Absorption Spectrum. 

If this small quantity of bromine hydrate is the photoactive 
constituent, it must possess properties different from those of dry 
bromine. An examination of the absorption spectra of wet and of 
dry bromine revealed interesting differences. 

In Fig, 1 are plotted the absorption curves for wet and for dry 
bromine determined with the aid of a Nutting spectrophotometer 
(zero = 0*173), the dry bromine being retained in a clear quartz 
polarimeter tube which, previously to the admission of bromine, 



6300 6050 5800 5550 5300 5050 

A A. 

JL. Wet bromine . II. Dry bromine. 

stored over phosphoric oxide for 9 to 10 months, had been 
thoroughly ignited whilst a high vacuum was maintained in the 
system. 

The curves indicate that whilst ordinary bromine in wet vessels 
commences to show a definite absorption at A = 6100 A., the dry 
bromine shows no marked absorption before A = 5700 A. If light 
absorption is taken as a criterion of molecular excitation, the 
complex bromine-water requires an energy of excitation 3200 
calories per g.-mol. less than that of dry bromine (2*05 volts com¬ 
pared with 2*20 volts) and it might be suggested that the catalytic 
effect of water vapour in many reactions may in part be due to the 
lower critical energy increment required for excitation of the 
complex hydrate. 
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Whilst the absorption of radiation by the hydrate results in the 
degradation of the radiant energy, dry bromine absorbs radiation 
of light of X = 5700 A. This light, however, does not reappear as 
thermal energy, for dry bromine shows no Budde effect. It must 
be concluded that such light which does not pass through the tube 
and is not degraded to heat must be either reflected or absorbed 
and re-emitted by the dry bromine molecules in the direction of 
the sides of the tube, i.e., must be emitted as resonance radiation 
or fluorescence. In the presence of water vapour more light is 
absorbed and fluorescence would be reduced. The possible extinction 
of such fluorescence in dry bromine by water vapour would appear 
to have its counterpart in the extinction of fluorescent mercury by 
gases such as hydrogen and water vapour noted by Stuart (Z. Physik, 
1925, 32, 262) and the extinction of fluorescence by water vapour 
in hydrogen and oxygen mixtures noted by Baker. It would 
further suggest the emission and absorption of light from molecule 
to molecule in a dry gas until absorption by a hydrate molecule 
occurred as a mechanism for chain reactions. Several experiments 
were devised to detect the difference between the nature of the 
light emitted from the sides of narrow tubes containing wet and 
dry bromine respectively, down the axes of which narrow pencils 
of yellow light were passed. Whilst no quantitative data could 
be obtained, the light emitted from the dry bromine appeared 
somewhat yellower, i.e., richer in the rays absorbed by bromine, 
than the reddish light from the wet tube. 

The Stark-Linstein Law of Photoequivalence . 

An attempt was made to establish the validity of the Stark- 
Einstein law of photochemical equivalence in the case of the Budde 
effect. The measurements of the absorption of energy by the 
reaction vessel containing bromine were made with a black-body 
radiation meter. The meter consisted of a flat black receiving 
bulb with compensator and aniline gauge and was calibrated by 
the method of internal electric heating with the aid of a small 
platinum spiral in the interior; the whole system being carefully 
lagged and preserved from any slight air currents which might 
affect either the steadiness or accuracy of reading. Due correc¬ 
tions were made for the resistance of the circuit and leading-in 
wires. The following calibration values were obtained : 


Room temperature 20*2°. 


Ergs per sec. per 

Reading in scale div. 

CaL/sec. 

10 div. x 10“*. 

3-5 

5-36 x 10- 4 

6*42 

4*7 

7-73 X 10-* 

6*88 

6-8 

1-29 x 10- 3 

7*93 

10*7 

2*55 X 10~ 8 

10 

x2 
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In a typical experiment with light between 5300—5700 A, it was 
found that the bromine absorbed energy, as measured by the 
radiation meter, of 1*53 X 10 4 ergs per second, yielding a Budde 
effect of 184*8 bars. 

As has already been indicated, part of the light apparently 
absorbed by the bromine, Le., not transmitted to the radiation 
meter, is emitted from the sides of the tube in the form of fluores¬ 
cence. It was necessary to find out how much of the energy of 
1-53 X 10 4 ergs per second was emitted as fluorescence* i.e. } 
apparently absorbed by dry bromine, and how much contributed 
to the Budde effect by absorption by the bromine hydrate. The 
following arrangement (Fig. 2) was accordingly devised to evaluate 
this fraction: 

A. Moll thermopile. 

B. A reaction vessel similar to C containing moist bromine at 
the same partial pressure, or air. 

Fig. 2. 




C. Reaction vessel containing either dry bromine in contact 
with phosphoric oxide, or air. 

The two reaction vessels were of similar size and shape, both with 
plane and parallel sides immersed in a trough through which water 
from a thermostat was circulated. The point light lamp, water 
trough, collimator, and screens were used as heretofore. After the 
lamp had been so adjusted that a constant deflection was obtained 
on the Moll thermopile with the bulbs containing dry air, dry 
bromine was first admitted to bulb C at a partial pressure of 
120 mm. The deflection on the thermopile was noted and moist 
bromine (saturated at 17°) admitted to B until the partial pressures 
of the bromine in the two bulbs were identical. The deflection was 
again noted and the bromine in the bulb C was replaced by dry 
air; the final determination of the radiation transmitted to the 
thermopile was then made. These operations were repeated, 
reversing the procedure in each case, and the following average 
readings were obtained : 
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B containing air . \ 9 j.oo B containing dry air \ 2g 

C containing dry bromine/C containing dry air ) LO ' 

B containing moist bromine! oo.q 7 
C containing dry air jt&'vt. 

These results indicate that the apparent absorption by dry bromine 
is represented by 0*63 division on the Moll thermopile, that by wet 
bromine by 1*46 divisions; or about 43*2% of the light apparently 
absorbed by the moist bromine is emitted again in the form of 
radiation, as it does not contribute to the thermal energy to which 
the Budde effect is due. 

The areas under the absorption curves between wave-lengths 
5400 A. and 6100 A. will give the percentage absorptions due to 
wet and to dry bromine (wet bromine absorbs up to 6100 A. ; the 
filter transmitted the red rays): 

Area under dry curve = 3130. Area under wet curve = 6530. 

% absorbed by dry Br 2 = 48. % absorbed by wet Br 2 = 52. 

All the light absorbed by the unhydrated bromine in the wet 
bromine is not emitted as fluorescence from the sides of the vessel. 
A part of it is reabsorbed by the hydrated molecules and degraded 
into heat energy. What proportion is reabsorbed we have no 
means of determining from our data. It must be borne in mind 
that as far as the absorption spectra curves are concerned it makes 
no difference how much of the emitted light is reabsorbed, since 
only a small portion of this light, even if not reabsorbed, would 
find its way through the spectrophotometer. 

Accordingly, of the 1*63 X 10 4 ergs per second apparently 
absorbed, or not transmitted by the wet bromine, in the previous 
experiment, 56*8% is actually absorbed and 43*2% emitted as 
radiation, or 0*926 x 10 4 ergs per second are absorbed. The mean 
wave-length of light employed was 5550 A., for the energy dis¬ 
tribution curve of the radiation passing through the filter was 
flat within the region 5300 A. —5800 A. or the mean quantum was 
3*53 X 10‘ 12 erg; the number of quanta actually absorbed by the 
bromine hydrate per second is accordingly 0*926 X 10 4 /3*53 X lO” 12 
or 2*62 X 10 15 quanta per second. 

The Budde effect was 184*8 bars, corresponding to a heat evolu¬ 
tion, as determined from the curve given in Part I, of 1*26 X 10 4 
ergs per second. If this heat is evolved by the conversion of 
quanta of magnitude 3*53 X 10~ 12 erg into kinetic energy in the 
decomposition or deactivation of the excited bromine hydrate 
molecules, we obtain as the number of molecules undergoing such 
a process of deactivation or decomposition per second 1*26 X 10 4 / 
3*53 X 10- 12 or 3*57 X 10 15 . 

In the following table are the results of three different experi- 
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ments performed in the above manner. Figures in the third 
column are obtained by multiplying the calibration value in the 
previous table by 1-11 to allow for diffusive reflection of lampblack. 



to 

Mano¬ 

Total 
ergs per 
sec. not 
trans¬ 

Quanta 
per sec. 
absorbed 
by the 

Budde 

effect 

Ergs per 
sec. 
equiv¬ 

Mols. 
per sec. 
decom- 

Mols. 

Exp. Temp. 

meter 

diff. 

mitted 

X 10~*. 

hydrate 

X 10~ 15 . 

in 

bars. 

alent 

X 10-4. 

posing per 

X 10~ 15 . quanta. 

2 

20*8° 

2*28 

1*63 

2-62 

184*8 

1*26 

3*57 

1*36 

3 

20*9 

2*43 

1*73 

2-78 

186 

1*30 

3*68 

1*32 

4 

20*2 

1*73 

1*24 

2-00 

149 

1*01 

2*82 

1-41 


These calculations were made under extreme conditions allowing, for no 
absorption by the hydrate molecules of the re-emitted radiation from dry 
bromine. Taking this into account would bring the figures in the last column 
close to unity. 

However, it will be noted from the data in the last column that 
the agreement between the number of quanta absorbed per second 
by the hydrate and the number of such molecules decomposing 
per second with the liberation, of the energy of activation in the 
kinetic form is sufficiently close to show the validity of the Stark- 
Einstein law of photoequivalence in the case of the Budde reaction. 

The Absorption Coefficient of the Hydrate. 

On the hypothesis that the photoactive constituent is a bromine 
hydrate it is possible from a consideration of its concentration and 
the magnitude of the Budde effect, which is a measure of the light 
actually absorbed by the hydrate, to effect a determination of the 
absorption coefficient. The actual bulk concentration of hydrate 
for definite partial pressures of bromine and water can be deter¬ 
mined only on the assumption that the concentration equilibrium 
of the reaction 

Br 2 + H 2 0 -ct -— Br 2 ,H 2 0 

is not sensibly affected whether the water vapour and the hydrate 
are in the surface or hulk phases, an assumption which is only valid 
if the activity coefficients of the reactants do not change sensibly 
during adsorption, or that the change in the activity coefficient 
of the water on adsorption is the same as the change effected in 
this function of the bromine hydrate. Since the heat of formation 
of bromine hydrate is small, some measure of support is given to the 
latter hypothesis. We will therefore employ the value for K p 
determined above as 3*10 X 10 9 when expressed in mm. of mercury. 

From the curves given in Fig. 2 (Part I of this investigation), 
in which the increase in Budde effect with increasing water-vapour 
pressure at a constant bromine pressure is plotted, it is seen that 
at a pressure of 0*0415 mm. of water and a pressure of 158 mm. 
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of bromine, a Budde effect of 115 bars was caused by the bromine 
hydrate in the gas phase, out of a total of 2140 bars (maximum 
deflection under the intensity of illumination employed). 

Thus 5-4% of the light was absorbed by the bromine hydrate 
present in the gas phase, which was 2-35 cm. deep, or 94*6% would 
have been transmitted if no surface phase existed. The partial 
pressure of the hydrate in the gas phase can with the proviso 
indicated above be determined with the aid of the equilibrium 
constant or 

[Br 2 ][H 2 0]/[Hydrate] = 3*10 x 10 9 = 158 X 0*0415/[Hydrate], 

whence the partial pressure of the hydrate is 2*1 X 10 " 9 mm. 
From Beer’s law, I t — I 0 e' kcd > where I 0 is the entering light, I t the 
transmitted light, c the concentration, d the thickness, and k the 
absorption coefficient of the hydrate, we obtain : 

log* (I t fl 0 ) = — kcd, 

or 2*3 log 10 0*946 = - W = - k(2- 1 X 10“ 9 ) X 2*35, 
whence k = 10*7 X 10 6 . 

In a similar maimer, for a point where P Ha o = 0*083 mm. we find 
a Budde effect, in the gas phase, of 230 bars or 10*75% light absorp¬ 
tion, whence I t /I 0 — 0*8925 and k = 11*4 x 10 6 . For the low 
partial pressure of P Hs o = 0*02 mm. we find a Budde effect in the 
gas phase of 55 bars, equivalent to 2*57% light absorption or 
97*43% light transmitted, whence k = 9*6 X 10 6 . The mean value 
of the absorption coefficient is thus 10*5 X 10 6 . 

It is interesting to compare this value with that obtained by 
Wood ( Physikal . Z.> 1912, 13 , 353) for the absorption of the light 
(X s=s 2537 A.) by mercury vapour. He found that the intensity 
of this light was reduced by one-half by passage through a layer 
of mercury vapour 5 mm. thick and at a partial pressure of 1G “ 4 mm. 
Inserting these values in the equation, we obtain 

2*3 log 10 0*50 = — k X 10* X 0*5, whence k = 0*14 X 10 6 . 

Thus the absorption coefficient of bromine hydrate in the spectral 
region which produces excitation is comparable in value with that of 
mercury vapour for its resonance line. On the hypothesis of 
Ornstein that the range of influence of a quantum of light is pro¬ 
portional to the square of the wave-length, the absorption 
coefficient of bromine hydrate for light of X = 5550 A. should be 
some four times that of mercury vapour. 

Mechanism of the Budde Effect 

The first elementary process in a photochemical action is, as 
Stern and Volmer (Z, Wiss. Photographic , 1920, 19, 275) were the 
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first to show, not the primary reaction but the excitation of "the 
molecule by absorption of radiation. On the hypothesis that 
there exist in moist bromine both bromine and bromine hydrate 
molecules, the primary processes of light absorption are the con¬ 
version of these into active molecules : 

Br 2 -{- hv —>• Br 2 '. Br 2 ,H 2 0 + Jiv —> Br 2 , ,H 2 0. 

We have seen that in the case of dry bromine no Budde expansion 
occurs, although light absorption undoubtedly takes place. The 
excited bromine molecules must thus lose their energy of excitation 
in the form of radiation. Whether the radiation emitted from an 
excited bromine molecule in the interior of the gas passes through 
the gas to the outer walls or undergoes a series of absorptions and 
emissions from numerous molecules in the operation of transfer 
of a quantum from the interior to the surface, or, again, whether 
the energy of the excited molecule is handed on by collision within 
the life of the excited molecule, viz., 10" 7 second, thus forming a 
chain, cannot be established with certainty. As in the case of the 
resonance line of mercury vapour, if the light is emitted from the 
bromine molecules as light of the same wave-length as the absorbed 
light, the course of the fluorescent light is interrupted in its path 
to the surface by its absorption by hydrate molecules, thus materially 
reducing the strength of the fluorescent light. 

We have seen that only when a bro m i n e molecule is moist, viz., a 
bromine hydrate, do we obtain a Budde effect or conversion of the 
light energy into thermal energy. The frequency, v, of any line 
may be considered as the sum v = v* + v n + v ltl i where e is the 
electronic, n the oscillatory, and m the rotational quantum number 
(Mulliken, Physical Review, 1925). In absorbing a quantum, not 
only may the quantum level of the electron be changed, but also 
the oscillatory and rotational quantum energy levels. In the case 
of iodine at low pressures (Oldenberg, Z. Physik , 1923, 18 , 1 ), the 
molecule, without dissociating, can absorb and re-emit as a reson¬ 
ance spectrum an amount of energy five times the work of dis¬ 
sociation when it is illuminated by light of wave-length X = 1849 A. 
The explanation advanced is that the excitation energy is primarily 
employed in raising the electron system to a higher quantum state, 
whilst the oscillation and rotation energies are only altered by the 
coupling of their periods with those of the electron system. But 
we may have, in the case of the halogens, marked changes in the 
oscillation energy where the absorption of light alters the potential 
energy of the nuclei, thus altering the strength of chemical binding 
of the molecule. In the excited electronic state, the energy required 
for dissociation is less than in the normal state, and if the alteration 
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in the oscillation quanta is sufficient to cause the potential energy 
of the nuclei to become greater than the dissociation energy for the 
excited state the molecule will fly apart. There is indeed a corre¬ 
lation between a large change in oscillation quantum number and 
a considerable alteration of the strength of binding on excitation. 
As a measure of the strength of binding we can utilise, for qualitative 
estimates, the direction of the shading of the bands, which is an 
indication of change in the moment of inertia of the molecule. 
The band spectra of iodine investigated by Mecke {Ann. Physih, 
1924, 71 , 104) show a convergence limit of the oscillation quantum 
states at 5000 A. Wave-lengths, therefore, of 5000 A. or less will 
dissociate iodine under certain conditions. The convergence limit 
for bromine has been placed by Franck (see Part I, loc. cit.) at about 
the same wave-length from the position of the long wave-length limits 
of the continuous spectra which are known. 

The light used in this investigation being of considerably greater 
wave-length, dry bromine would not be expected to dissociate. 
That dissociation does not occur is proved further by the work of 
Ludlam (see Part I, loc. cit.), who found no Budde effect with dry 
bromine illuminated with ultra-violet light containing energy many 
times that necessary for dissociation. 

It would appear that in the case of bromine hydrate the lowering 
of the critical energy increment for dissociation into atoms is very 
great. Dissociation may occur thus : 

(1) Br 2 ,H 2 0 + 51,500 calories = 2Br + H 2 0 + 4410 calories, 

where 51,500 calories is the energy of the radiation of wave-length 
employed in these experiments, some 4410 calories greater than the 
threshold value, as is confirmed by the commencement of absorption 
at 6100 A. The recombination of the bromine and water to re¬ 
establish equilibrium gives rise also to the evolution of the heats of 
combination: 

(2) 2Br = Br 2 + 46,000 calories. 

(3) Br 2 + H^O = Br^HaO + 1090 calories. 

The same type of mechanism is given by the calculations of 
Christiansen (Dandle Vid . Math. Phys. Medd ., 1919, 1, 14) for the 
reactions 

Br + HBr + 43,700 calories = Br 2 -f H + 12,400 calories:- 
and HBr + 112,000 calories — H + Br + 35,000 calories. 

Thus 47,090 calories appears to be close to the critical energy 
that must be absorbed by bro m ine hydrate before any Budde 
effect can be expected. The absorption of light of greater fre¬ 
quencies, for a given constant quanta absorption, merely increases 

x* 
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the heat effect on the right-hand side of the equation (1) and thus 
the Budde effect. 

Summary . 

The heat of formation of bromine hydrate is 1090 calories, com¬ 
parable with the heat of solution of liquid bromine in water, whilst 
the equilibrium constant for the dissociation of bromine hydrate 
at 313° K is of the order of 3*10 X 10 9 . The absorption curves 
of wet and of dry bromine have been compared; marked 
absorption commences* at X = 6100 A. for the wet and at X — 
5700 A. for the dry gas; this corresponds to a lowering of the 
critical energy increment of excitation of 3200 calories. When 
corrected for the absorption and probable fluorescence of dry 
bromine, it is found that the Stark-Einstein law of photoequivalence 
is obeyed, a maximum of 1*41 molecules per quantum being obtained. 
The absorption coefficient of bromine hydrate for the spectral 
region employed is 10*5 X 1G 6 , comparable with that obtained by 
Wood, 0*14 x 10 6 , for mercury vapour for the line X = 2537 A. 
A mechanism of excitation and decomposition of bromine hydrate 
molecules is advanced in explanation of the Budde effect. 

Our thanks are due to Messrs. Brunner Mond for a grant which 
enabled us to purchase the apparatus necessary for this research. 
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LXXXIII .—Studies of Valency . Part V . Absorption 
Spectra of Halogen and SuVphonic Derivatives 
of Camphor: Origin of the Ketonic Absorption 
Band . 

By Thomas Martin Lowry and Glyn Owen. 

1. Scope of the Work. 

The preceding paper on absorption spectra (Lowry and French, 
te Studies of Valency/' Part IV, J., 1924, 125, 1921) dealt with the 
selective absorption of camphor and of some of its conjugated 
derivatives. Its principal feature was an experimental proof of the 
existence in camphorquinone and in methyleneeamphor of two 
different types of conjugation, corresponding perhaps with the 
presence of “ crossed ” and of “ concordantpolarities in these two 
compounds. In the present paper, these experiments have been 
extended to a series of halogen derivatives of camphor, for which 
data were required in connexion with measurements of rotatory 
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dispersion (J., 1925, 127,1260). The absorption spectra of some of 
these compounds had been plotted previously by one of us (Lowry 
and Desch, J., 1909, 95, 807), but only by the old qualitative method 
of recording the last line transmitted through a given thickness of 
solution in sufficient intensity to leave a record on the photographic 
plate. These observations were therefore not sufficiently exact for 
a quantitative comparison, the ultimate result of which was to 
reveal the existence of a small discrepancy between the charac¬ 
teristic frequencies deduced from measurements of rotatory dis¬ 
persion and those obtained by recording directly the maximum value 
of the molecular extinction coefficient. 

The original purpose of the experiments demanded only a know¬ 
ledge of the characteristic frequency of the band of selective ab¬ 
sorption; but the data in Table I have an interest of their own, 
which exceeds that of the approximate coincidence of the fre¬ 
quencies deduced by the two methods referred to above. Thus, not 
only have we been able to draw more exact conclusions as to the 
effect of halogens on the familiar absorption band of the ketone, but 
the “ general absorption ” of the compounds, which can now be 
investigated just as accurately as their “ selective absorption,” has 
been found to present striking characteristics, especially with regard 
to the mutual influence of negative radicals (compare Part VII, 
following paper). In this way the observations have provided im¬ 
portant clues as to the origin and significance of selective and general 
absorption in carbon compounds generally. 

2. Experimental Methods . 

Camphor-(3-sulphonic acid, and four camphorsulphonates con¬ 
taining a halogen atom, were examined in aqueous solutions. The 
fifteen other halogen derivatives were all examined in cycZohexane. 
This solvent was selected in order to conform as closely as possible 
to the conditions under which the rotatory dispersions of many of 
these compounds had been measured in benzene (J., 1925,127, 807). 
The choice of cyclohexane as an alternative to benzene (which was 
not sufficiently transparent for measurements of absorption) was 
justified by the fact that some of its physical properties approximate 
very closely to those of benzene (Gifford and Lowry, Proc . Boy. Soc 
1923, A , 104, 430) and in particular that the wave-length of 
maximum absorption for a solution of camphor in cycZohexane had 
been found to be the same as for a thin film of camphor in benzene 
(Lowry and French, J., 1924, 125, 1924). Apart from these con¬ 
siderations, however, cyclohexane has proved to be a good solvent for 
measurements of absorption, since, although unpurified specimens 
are not very transparent, and may even exhibit an absorption band, 

x* 2 
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the material can be purified readily by repeated shaking with 100% 
sulphuric acid on a mechanical shaker. When washed with water 
and distilled, it was then found to be transparent to about 2200 A.U., 
which is approximately the limit of transmission of the calcite of the 
ultra-violet spectrophotometer. 

The fifteen halogen derivatives of camphor and the five sulphon- 
ates had all been purified by crystallisation, and in most cases 
the samples had already been used for measurements of rotatory 
dispersion. 

The methods of measurement were the same as in Part IV of this 
series of papers, absolute values being recorded for the “ molecular 
extinction coefficients ” at different wave-lengths up to the limit of 
transparency of the solution. As a rule, about 60 measurements 
were made with each compound, at concentrations ranging from 
Jf/4 to M /400; but the experimental points were too numerous to 
be inserted in the figures, except in one case (Fig. 7), where the range 
of wave-lengths and intensities made it possible to plot the data on 
a larger scale, 

3. Summary of Experimental Results. 

The present series of observations has proved that, whilst the 
presence of a halogen influences both the selective and the general 
absorption of the compounds, and affects these two properties in a 
somewhat similar manner, the two influences are sufficiently inde¬ 
pendent to produce large variations in the e< persistence ” of the 
band,* i.e., in the relative separation of the accessible band of 
“ selective ” absorption and the inaccessible band of “ general 
absorption 55 as measured by the depth of the trough between them. 
The experimental results, which are summarised in Table I, may 
therefore he discussed most conveniently under these two headings. 

(a) Selective Absorption .—The principal results are as follows : 

(i) The general proposition, that the position of the ketonic band 
is largely independent of the nature of the ketone, is confirmed, since 
the wave-length of maximum absorption ranges only from 2880 A.U. 
in camphor to 3230 in aa'-dibromocamphor. The intensities also 
cover only a small range from log e = 1*4 to 2-0. This is in marked 
contrast with the conjugated systems examined in Part IV, where 
the value of log e rose from 1*4 in camphor to 4*3 in benzylidene- 
camphor. 

(ii) A halogen in the a-position produces a marked “ intensifies 
ation ” of the selective absorption, since it increases both the 
wave-length and the maximum extinction coefficient of the ultra- 

* It is therefore unlikely that the general absorption of these compounds 
is a mere harmonic of the selective absorption. 
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Table I. 


Selective and General Absorption of Halogen and Sulphonic Derivatives 


No. of 
curve. 

Substance. 

of Camphor. 

Selective absorption. 

/■-—- -^ 

Maximum. Minimum, 

log e log e 

A max. (max.). Amin. (min.). 

Persist¬ 
ence 
log e 
(max.). 
—loge 
(min.). 

General 

absorption 

loge 

Afor for 

loge A= 

= 1*5. 2500. 

(a) In cyclohexane. 

, I. Camphor. 

2880 

1*45 

<2327 < 

—0*26 

<1*72 

None at 2400 A.U. 

il 

a-Chlorocamphor. 

3050 

1*72 

2510 

0*67 

1*05 

<2300* 

0*68 

J 

a'-Chlorocampho r. 

3060 

1*75 

2550 

0*94 

0*81 

<2300* 

0*97 

i iii. 

a-Bromocamphor. 

3100 

1*95 

2700 

1*20 

0*75 

2590 

1*83 


a'-Bromocamphor. 

3120 

1*95 

2720 

1*26 

0*69 

2530 

1*96 

1 IV. 

/S-Bromocamphor. 

2930 

1*39 

2750 

0*98 

0*41 

2370 

1*12 

f v - 

aa'-Dichlorocamphor. 

3100 

1*82 

2570 

0*22 

1*60 

2400 

0-40 

J VI. 

aa'-Bromochloro- 

3150 

1-84 

2840 

1*57 

0*27 

t 

2*45 

1 vn. 

camphor. 

aa'-Dibromocampho r. 

3230 

1*88 

2970 

1*74 

0*14 

f 

2*86 

,VIH. 

a-Cbloro-j3-bromo- 

3060 

1*67 

2600 

0*73 

0*94 

2400 

1*3 

jiz. 

camphor. 

a-Bromo-j3-chloro- 

3080 

1*87 

2690 

1*40 

0*47 

2630 

1*9 

1 X. 

camphor. 

a^-Dihromocampho r. 

3080 

2*03 

2700 

1-46 

0*57 

2680 

2*5 

r XI. 

a7r-Dichlorocamphor. 

3080 

.1*68 

2590 

0*40 

1*68 

2370 

0*5 

) XII. 

a-Bromo-7r-chloro- 

3150 

2*01 

2610 

0*59 

>42 

2490 

1*45 

XIII. 

camphor. 

aw-Dibromocamphor. 

3120 

2*05 

2670 

1*09 

0*96 

2590 

1*83 

V 

aV-Dibromocamphor. 

3090 

2*02 

2680 

0*80 

1*22 

2560 

1*85 

'XIV. 

(b) In water. 
Camphor-jS-sulphonic 

2850 

1*54 

2390 

0*50 

1*04 

2300 

+ 

+ 

XV. 

acid. 

Potassium a-chloro- 

3000 

1*59 

2510 

0*50 

1*09 

2300 

0*51 

XVI. 

campho r-jS-sulpho n - 
ate. 

Potassium a-bromo- 

3030 

1*93 

2640 

1*39 

0*54 

2600 

1*90 

xvn. 

camphor-p-sulphon- 

ate. 

Ammonium a-chloro- 

3030 

1*85 

2660 

1*00 

0*85 

2500 

1*50 

XVIII. 

carnpho r-7T-suIpho n- 
ate. 

Ammonium a-bromo- 

3020 

2*09 

2630 

1*50 

0*59 

2630 

1-90 


l camphor-ff-sulphon.- 

v ate. 

* In these compounds, the general absorption is very weak and log* does not rise to 1-5 
within the limits of our experiments; the value of A corresponding to log e «* 1*5 could there¬ 
fore only be deduced by extrapolation. 

t In these two compounds, where the general absorption is very strong, the molecular 
extinction coefficient falls to a minimum (at log e =< 1*6 and 1*75 respectively), and then 
begins to rise again towards the crest of the band of selective absorption, but it never falls 
as low as log e «= 1*5. 

t In this compound, where the general absorption is very weak, the band of selective 
absorption extends to a minimum at about 2400 A.TJ.; the general absorption does not begin, 
therefore, until the wave-length is already less than 2500 A.TJ. 

violet band (Fig. 1). The influence of an atom of bromine in the 
(3-position is, however, almost negligible, since an insignificant 
increase of wave-length is balanced by an equally unimportant 
diminution in the maximum extinction coefficient (Fig. 7). The 
conclusion reached in an earlier paper (J., 1909, 95, 817) that, whilst 
a halogen atom in a a-position produces an e< intensification ” of the 
band, an atom of bromine in the (3- or rc-position has a “ repressive 
action,’’ is therefore no longer valid when applied to the selective 
absorption alone instead of to the “ persistence 35 of the band. 

(iii) The data for the a[3- and arc-derivatives (Figs. 3 and 4) 
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confirm the conclusion that an atom of bromine in the a- or n- 
position produces only negligible changes in the wave-length and 
penetrabion of the band, and certainly has no " repressive ” action 
(iv) Ihe most striking intensification of the selective absorption 
is seen m the cca'-dihalogen derivatives (Pig. 2). In this group of 
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compounds the progressive replacement of chlorine by bromine is 








ABSORPTION SPECTRA OP, ETC., DERIVATIVES OE CAMPHOR. 611 

extinction coefficient, which is not accompanied by any marked 
change of wave-length. These two figures therefore recall, but in a 
much less striking form, the contrast between the optical effect of 
the two types of conjugation recorded in Part IV. In the air-series 
(Fig. 4), the principal contrast is between the a-chloro- and the 
a-bromo-compounds. Thus aTr-dichlorocamphor gives a band in 



3400 3000 2600 2200 A,IJ. 

Molecular extinction coefficients of I camphor , V aaf ‘dichlorocampfior, 

VI aa'-chlorobromocamphor, VII aa'-dibromocamphor in cyclohexane. 

very much the same position as in a-chlorocamphor itself; and in 
the same way aw- and aVdibromocamphor (which give almost 
identical curves) and ir-chloro-a-bromocamphor resemble a-bromo- 
camphor very closely, although the introduction of a halogen atom 
in the ^-position appears to produce a minute increase both in the 
wave-length and in the maximum value of the extinction coefficient 
of the bromo-compounds. 
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(v) The influence of a sulphonic group in the p- or ^-position ii 
almost negligible, like that of a halogen atom in either of these 
positions. Thus in Reychler’s camphor-(3-sulphonic acid (Fig. 5) e 
small increase of intensity is balanced by a small decrease of wave- 
length, just as in (3-bromocamphor (Kg. 7) a small decrease oi 
intensity was balanced by a small increase of wave-length. Similar 


Fig. 3. 
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1*5, and have recorded in Table I the wave-length at which the 
standard absorptive power is attained, and the absorptive power at 
the standard wave-length. The principal experimental results are 
as follows :— 

(i) We have obtained complete confirmation of the recent observ¬ 
ation of Lowry and French (J., 1924, 125, 1924) that a solution of 


Pig. 4. 



Molecular extinction coefficients of I camphor , XI air-dicMorocamphor, XII 
a-bromo-ir-chlorocamphor, XIH (a) a7T-dibromocamphor, XIII (6) aTt-dibromo- 
camphor in cyclohexane. 

camphor in c^/cZohexane shows no general absorption up to the limits 
of our present methods of measurement. It is therefore impossible 
to record the persistence of the band, except by stating that it must 
be greater than 1-7.* It is indeed a noteworthy fact that, whereas 

* In the same way, V. Henri found { Ber ., 1913,36,3627) that acetone shows 
no general absorption up to 2144 A.U., although the band had already 
persisted through a range of 2*0 in log e, i.e., over a range of intensities of 
100 : 1 . 
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the earlier methods of measurement always indicated the existence 
of a real or fictitious general absorption in every solution that was 
examined, we have failed completely in our attempts to detect by 
the quantitative method any trace of a general absorption in camphoi 
itself when dissolved in c^/cZohexane, although we have been able tc 

Fio. 5. 
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3400 3000 2600 2200 A.U. 

Scale of wave-lengths . 

reach, the end of the band of selective absorption in all the twenty 
derivatives which were examined in the course of the present 
research, as well as in camphor itself when dissolved in alcohol 
. f™* ^' ren< ? 1 ’ l° c - cit.). From the experimental point of 

: remarkable experience to find that a relatively strong 

station of camphor, containing about 8 grams in 100 c.c., which 
extinguishes almost the whole of the ultra-violet spectrum from 
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3400 A.U. onwards, becomes transparent again at about 2400 A.U., 
and transmits with equal intensity all the remaining lines of the iron 
arc to 2327 A.U.* 

(ii) After camphor, the smallest general absorption was observed 
in camphor-p-sulphonic acid (Curve XIV), but, as the acid was 
examined in aqueous solution, the general absorption was easily 
observed, by reason of the exceptional transparency of the solvent. 
The minimum lies just beyond 2400 A.U., but is followed by a very 
rapid increase, so that the general absorption was already almost 
level with the maximum of selective absorption (at logs= 1*54) 
when the last readings were taken at about 2327 A.U., in the clear 
aqueous solution. Apart from camphor, this compound was 
the only one in which the standard wave-length, l = 2500 A.U., 
selected for the comparison of general absorptions, fell within the 
limits of the band of selective absorption. 

(iii) Although chlorine is not greatly inferior to bromine in its 
ability to intensify the selective absorption of camphor, it is re¬ 
latively impotent in producing general absorption. Thus, apart 
from camphor and camphor-(E-sulphonic acid, the only compounds 
in which the absorptive power did not reach the standard value of 
1*5 within the limits of our experiments were the a- and a'-chloro- 
camphors (Curves II, a and b). Again, aa'-dichlorocamphor (Curve 
V), where the growth of general absorption is much more rapid than 
in the monochlorocamphors, has an exceptionally deep minimum at 
logs — 0*22; and the persistence of the band, log s (max.) — logs (min.) 
= 1*60, is greater than in any compound of the series except camphor 
itself, where it exceeds 1*72 (Lowry and French, Zoc. cit., p. 1925), 
and arc-dichlorocamphor (Curve XI), where the general absorption 
only begins to be perceptible at a wave-length of about 2600 A.U., 
after the band has attained a persistence of 1*68. 

(iv) Bromine, on the other hand, which produces a strong general 
absorption even in a-bromocamphor, becomes extremely efficient in 
this respect when reinforced by an atom of chlorine or bromine in 
the other a-position. Thus, the general absorption at the standard 
wave-length of 2500 A.U. increases from log e = 1*83 in a-bromo- 
camphor to 2*45 in aa'-chlorobromocamphor and to 2*86 in aa'-di- 
bromocamphor. At the same time, as a result of the increase of 
general absorption, the persistence of the band decreases from 0*75 
in a-bromocamphor to 0*3 in aa'-chlorobromocamphor and to 0*1 
in aa'-dibromocamphor (Fig. 2). The general absorption in aa'-di- 

* The fact that even this very 4 4 clean ” band attains a width of 1000 A.U. 
in solutions of only moderate concentration will explain why accurate measure¬ 
ments of rotatory dispersion can only be made for wave-lengths much greater 
than that of the crest of the band. 
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bromocamphor is indeed so great that at 2900 A.U. it is already twice 
as strong as that corresponding with the maximum of the camphor 
band at the same wave-length. It is, therefore, only because the 
camphor band has been displaced by about 350 A.U. in the direction 
of longer wave-lengths that the dibromo-derivative is able to exhibit 
a selective absorption at all: apart from this, nothing but a “step- 
out ” would be observed in the curve. 

(v) The reinforcement of the general absorption of a-bromo- 
camphor by a second halogen in the (3-position is comparatively 
small. Thus the general absorption remains practically stationary 
on passing from a-bromocamphor, where log e = T83 at 2500 A.U., 
to a(3~bromochlorocamphor, where log e = 1*90, although this 
number rises to 2*5 in a(3-dibromocamphor. In the case of the 
re-compounds,* the general absorption actually falls from log e = 1*83 
at 2500 A.U. in a-bromocamphor to 1*45 in are-bromochlorocamphor, 
and remains stationary at 1*83 in are-<flbromocamphor. A sulphonie 
group in the (3 or re-position is also practically without influence in 
augmenting the general absorption of a-bromocamphor, since the 
value of log e is only increased from 1*83 at 2500 A.U. in a-bromo¬ 
camphor to 1*90 in the two bromocamphorsulphonates. 

4. Superposition of Selective and General Absorption . 

In accordance with the usual behaviour of negative radicals, 
halogens in the contiguous a-position have been found to augment 
the selective absorption of the ketonie group. Conversely, one must 
suppose that the ketonie group augments the power of the con¬ 
tiguous a-halogen atom to develop a general absorption, just as it 
increases the readiness with which reduction or reverse substitution 
takes place. In these cases, therefore, any superposition of general 
and selective absorption by mere addition would be out of the 
question, since it would ignore the known mutual influence of the 
negative atoms. This mutual influence diminishes, however, as the 
distance between the negative atoms is increased; and in (3-bromo- 
camphor the band of selective absorption is very similar to that of 
camphor itself, showing that one of the two mutual influences 
(namely, that of the halogen upon the ketonie group, but not 
necessarily that of the ketonie group upon the halogen) has become 
almost negligible. We have therefore attempted to reproduce 
the absorption curve of (3-bromocamphor by superposing the general 
absorption of a compound containing the group -CH 2 Br (see Part 
YII) on the selective absorption of camphor itself. The general 
absorption of one molecular proportion of methyl bromide was found 

Anomalies in the optical properties of the w-derivatives have already 
been noted and discussed (J. 1925, 127, 1504). 
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to be too small, whilst that of half a molecular proportion of methylene 
bromide or of ethylene bromide was too great, on account of the 
excessive mutual influence of the two halogens. Finally, by using 
a mixture of one molecular proportion of camphor with half a mole¬ 
cular proportion of trimethylene bromide (in which the two negative 


Fig. 6. 



in water. 

atoms are separated by three intermediate atoms of carbon, just as 
in p-bromocamphor), we have obtained an absorption curve (Fig. 7) 
which pursues very much the same course as that of (B-bromo- 
camphor, although it is not identical with it. In this way the 
validity of the principle of superposition of general and selective 
absorptions appears to be sufficiently established, whilst the theory 
which assigns the selective absorption to the >CO group and the 
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general absorption to the Br group (see following paper) receives 
a direct experimental confirmation. 

In addition to the absorption curve for (3-bromoeamphor, and the 



3200 3000 2800 2600 2400 2200 A.U. 

Molecular extinction coefficients of IV fi-bromocamphor in cyclohexane. Also 
of methyl* methylene , ethylene , and trimethylene bromide and of a solution of 
camphor with half a molecular proportion of trimethylene bromide in cyclohexane. 

curve for a mixture of camphor and trimethylene bromide, Kg. 7 
shows the curves of general absorption for solutions of methyl, 
methylene, ethylene and trimethylene bromides in cyclohexane, the 
curves plotted in Part VII being for solutions in alcohol. On account 
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of the narrower range of wave-lengths and intensities which it covers, 
this diagram was plotted on twice the scale of Figs. 1 to 6; it was 
therefore possible to insert, without overcrowding, all the experi¬ 
mental points on which the curves were based. 

5. Auxochromic Influence of Alkyl Radicals and of Halogens. 

Bielicki and Henri ( Ber 1913, 46, 3627) and Bice ( Proc . Roy. Soc ., 
1915, A , 91, 76) have shown that the absorption band of acetone is 
displaced towards the visible region when the hydrogen atoms are 
replaced by alkyl groups. Thus according to Bice “the shifts 
obtained in the successive substitution of the three a-hydrogen 
atoms are 23, 50, and 30 A.U." for the first methyl, and the total 
shift of 103 units is doubled (X = 2747->2850*->2950 A.U.) when the 
three hydrogens of the second methyl group are also replaced. On 
the other hand, Henri finds that a shift in the same direction occurs 
when the whole methyl group is replaced by hydrogen, since 
aldehydes give a band of longer wave-length and smaller intensity 
than ketones, in addition to showing a much stronger general 
absorption. 

In order to determine the influence of halogens (and of negative 
radicals generally) on the absorption spectra of the ketones, it is 
convenient to take camphor instead of acetone as the parent com¬ 
pound, since the liquid halogen derivatives of acetone are less easy 
to prepare and purify than the alkyl derivatives (which are easily 
synthesised) and are in every respect inferior to the analogous com¬ 
pounds of the camphor series, where crystalline products are avail¬ 
able in large numbers, and with the substituent in four different 
positions, namely, a or a', (3 and n. It is a mere accident of nomen¬ 
clature that in the a- and a' -derivatives of camphor the substituent 
is attached to a carbon atom in the “ a 59 position relative to the 
ketonic group, and that in the case of the p-derivatives we can now 
assign the substituent to a methyl group of which the carbon atom 
is in a “ p 59 position relative to the ketonic group (Lowry and 
Burgess, J., 1925, 127, 279). In the 7t-compounds, the substituent 
is attached to a carbon atom in a ee y 99 position relative to the 
ketonic group, although it can also be reached by a longer route 
which would make it a “ 8 ” carbon atom. It is therefore possible, 
by working in the camphor series, to compare the effect on the 
selective absorption of the ketonic group of introducing a negative 
substituent in an oc~, p- or y-position. The fact that the camphor 
nucleus is relatively complex is not a matter of great importance, 
since we have no reason for supposing that the influence of a negative 
group depends on the shape of the chain of atoms through which it is 
transmitted. It is, however, important to remember that there is 
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already evidence to show that the optical properties of the re-deriv¬ 
atives are sometimes abnormal (Richards and Lowry, J., 1925, 127, 
1504). 

With these facts in mind, the experimental data given above can 
be summarised by saying that, whilst the general absorption is 
influenced profoundly by the introduction of a negative group in 
any position in the molecule , the selective absorption is influenced 
strongly by a halogen atom only when this occupies a contiguous 
a-position, the effect of a halogen or of a sulphonic group in the more 
distant {J- and y (re)-positions being negligible. Thus the increment 
for a single atom of bromine in the a- or a'-position is about 200 A.U. 
(mean of 220, 240, 180, 150), and for a single atom of chlorine about 
160 A.U. (mean of 170, 180, 150, 130), when the other a-position is 
occupied by hydrogen; and it is about 120 A.U. for bromine and 
50 A.U., for chlorine, when the other a-position is already occupied 
by a halogen. For a halogen in the p-position, the increments are 
— 20, + 50, +10, — 20 A.U. and for a halogen in the re-position, 
+ 30, + 50, + 20, — 30 A.U. A comparison with Rice’s observ¬ 
ations shows that the increments for two a-atoms of chlorine, or for 
a single a-atom of bromine, in camphor is already larger than for 
six a-methyls in acetone. 

6. Origin of the Ketonic Band, 

At the time when the earlier observations of absorption spectra 
were made (J., 1909, 95, 807, 1340; 1910, 97, 899, 905) it was 
thought that selective absorption was due to an oscillation in the 
molecule of the same period as that of the absorbed light. The 
experiments then described showed, however, that the ketonic band 
could not be due to the “ isorropesis 55 or intramolecular oscillation 
of a mobile hydrogen atom, since bands were developed by many 
compounds which were incapable of undergoing isomeric change in 
the manner suggested. The conclusion was therefore drawn that 
“ the camphor band is evidently in some way a function of the 
ketonic group,” but that “ it is not at all easy to say in what way 
the group acts in promoting the formation of the band.” 

This problem has, however, been simplified considerably by 
recent developments in physical optics, which lead us to ascribe the 
absorption, not to an intramolecular vibration, but to the presence 
of a system which when activated by light can take up energy quanta 
of suitable magnitude. On inquiry amongst physicists, we find 
that the ultra-violet ketonic band cannot be attributed to activation 
of the nuclei of the carbon and oxygen atoms relatively to one 
^another, since this would give bands in the infra-red region; nor can 
IS Se due to the ionisation of the unshared electrons of the oxygen 
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atom {all the carbon electrons are shared), since the ionisation 
potential for oxygen corresponds "with a wave-length far out in the 
Schumann region. The ketonic band can therefore only be attri¬ 
buted to an activation of the valency electrons of the double bond 
which forms the link between carbon and oxygen. 

These valency electrons differ from the others in being simul¬ 
taneously under the control of two nuclei, A and B. They can 
therefore be raised to a higher energy level relatively to A, or to B, 
or to A and B simultaneously. If A is carbon and B is oxygen (or 
in general if A is a less c£ negative 55 element than B), it will be easier 
to activate the valency electrons relatively to A than relatively 
to B. The effect will be to produce a “ polar activation ” of the 
double bond, since the valency electrons which absorb the light will 
be displaced from carbon towards oxygen, a process which (if con¬ 
tinued far enough) would culminate in the ionisation of one link of the 
bond, and the conversion of the ee non-polar ” into a C£ semi-polar ” 

double bond, as indicated by the scheme >C = — O. 

The theory of polar activation, now used to explain the absorption 
of light by the unsaturated carbonyl radical, corresponds closely 
with the explanation given by Norrish (in Part III of this series 
of papers, J., 1923, 123, 3006) of the arrest of the interaction 
of ethylene with bromine or chlorine, when enclosed in a vessel lined 
with paraffin wax, i.e. 3 that the interaction depends on a “ polar 
activation ” of the olefine and halogen, which can only be brought 
about at a polar surface. It should also be noted that, whilst semi- 
polar double bonds are permanent in the systems >SO, and 

~~PO, they are not stable in >C = C< or >C = 0 (Sugden, J., 
1925, 127, 1525); they are, therefore, available as unstable or 
activated forms of the molecule in order to account for phenomena 
such as those discussed above. 

The views now set out in reference to the utilisation of the energy 
absorbed by double bonds in unsaturated compounds could obvi¬ 
ously be extended to single bonds; but since these are usually 
much more stable than double bonds, the quanta of energy required 
to activate them must be much larger, and the wave-lengths much 
smaller, than in the case of the ketonic band, corresponding, for 
instance, with a frequency in the Schumann region of the spectrum. 
Since this region is still inaccessible to our present methods of in¬ 
vestigation of absorption spectra, saturated compounds generally 
give rise only to “ general absorption.” 

7. Summary . 

(a) Quantitative data are given for the general and selective 
absorption of twenty halogen and sulphonic derivatives of camphor. 
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(b) Halogen atoms in the a-position intensify both the general and 
the selective absorption of camphor; but halogen atoms and sul- 
phonie groups in the p- or ^-position are relatively impotent in 
increasing the selective absorption of the ketone, although they may 
contribute substantially to its general absorption. 

(c) The origin of the ketonic band is discussed. 

We wish to acknowledge our indebtedness to the University of 
Wales for a Fellowship Grant which has enabled one of us (G.O.) to 
take part in this work. 
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LXXXIV .—Studies of Valency. Part VI. General 

and Selective Absorption of Halogen Derivatives of 
Methane. The Origin of General Absorption. 

By Thomas Martin Lowry and Bose Bachel Sass. 

1. Purpose of the Experiments. 

(a) The observations described in the preceding paper created the 
impression that, just as the selective absorption of the ketones 
can be attributed to some form of polar activation or incipient 
ionisation of the double bond of the carbonyl group, so their general 
absorption might be attributed to the activation or incipient ionis¬ 
ation of a single bond, e.g., between carbon and hydrogen or between 
carbon and a halogen. In camphor itself, the single bonds appeal' 
to be so strong that they can only be activated by, and can therefore 
only absorb, light of very high frequency; the corresponding 
maximum of “ general ” absorption is therefore so remote that even 
the foot of the band cannot be detected at a wave-length of 2400 A.U, 
On the other hand, in aa'-dibromocamphor (where the bonds between 
carbon and bromine are so weak that the compound acts as an 
oxidising agent) the general absorption is so strong that it almost 
covers up the selective absorption. The increase of absorptive 
power is indeed so rapid as to indicate that it must reach a maximum 
at a wave-length not far beyond the limits of our experiments. We 
therefore formed the opinion that, just as the double bond of the 
carbonyl group produces a characteristic absorption at about 
2700 A.U., so the single bond between carbon and bromine might 
have a characteristic absorption at some shorter wave-length; and 
that just as the maximum of the ketonic band of camphor can be 
shifted to the extent of some 350 A.U. under the influence of contigu- 
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ous negative atoms, so the band of general absorption might be 
shifted through some hundreds of Angstrom units in the direction 
of longer wave-lengths, as a result of the weakening of the single 
bond under the influence of contiguous negative atoms. This view, 
which served to explain the close analogy between the influence of 
the halogens on the selective and on the general absorption of the 
halogen derivatives of camphor, had the advantage that it could be 
tested by direct experiments on a much simpler series of compounds, 
and in this way it led to the experiments on the general and selective 
absorption of the halogen derivatives of methane, which form the 
subject of the present paper. 

(b) In the experiments on general absorption advantage was 
taken of the fact that the introduction, first of the sector-photo¬ 
meter and then of the ultra-violet spectrophotometer, has made it 
possible to measure the molecular extinction coefficients of a solution 
in the ultra-violet region, and so to make an exact quantitative com¬ 
parison of the general absorptions of a series of substances. Previous 
observations, in which the older qualitative methods were used 
(Crymble, Stewart, and Wright, Ber., 1910, 43, 1183; Massol and 
Faucon, Comjpt. rend., 1917,164, 813), had given numerical values 
only for the characteristic wave-lengths of the iodo-compounds, which 
are the only ones to show a selective absorption in the accessible ultra¬ 
violet region. 

(c) On the supposition that a marked general absorption could be 
produced by the incipient ionisation of a weak single bond between 
carbon and a halogen we anticipated : 

(i) That the general absorption would increase progressively in 

the series CH 3 F, CH 3 C1, GH 3 Br, CH 3 I, since the bond between carbon 
and fluorine is known to be extremely strong, whilst the bond 
between carbon and iodine is so weak that it can be ionised quite 
readily, e.g. } in the formation of a methiodide from an alkyl 
iodide and a nitrogenous base, or in the interaction between methyl 
iodide and silver nitrate in the Zeisel method of estimating methoxyl 
groups. * 

(ii) That the general absorption would increase in series such as : 

ch 3 ci, ch 2 ci 2 . chci 3 , oca* 

CHJBr, CBLBr 2 , CHBr 3 , CBr 4 , or 

CH 3 I, OH*, CHI S , 

since the accumulation of negative atoms would tend to weaken the 
bond between the carbon and the halogen, and so bring the crest of 
the band nearer to the accessible ultra-violet region. These anticip¬ 
ations have been fulfilled, as can be seen from the following summary 
of the experimental results. 
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2. Summary of Experimental Results . 

The experimental data in reference to the halogen derivatives of 
methane are shown in Fig. 1, and are summarised in Table I. 

Table I. 

Absorption Spectra of Alcoholic Solutions of Halogen Derivatives of 

Methane . 


Formula of 
substance. 

Wave-lengths for integral values of log e. 

log € — 0*0. 

1*0. 

2-0. 

3*0. 4-0., 

CHC1 S 

CC1 4 

2320 

2700 

2500 

2360 


CH s Br 

CH a Br 2 

CHBr s 

2640 

2900 

2360 

2700 

2560 

2300 

— 

3000 

2900 

2400 

CBr 4 

— 

3600 

3300 

2600 

CH S I 

— 

3000 

2900 


CgA 

cm. 

3900 

3720 

3600 

3200 

— 

— 

4500 

3900 2200 

Position of maxima. 

{a) Lowry and Sass. (M Crymble, Stewart. 

(c) Massol and 


A.U. 

and Wright. 

Faueon. 


I. 

CH S I 

CELL 


« 2*7 at 4770\ 
€ =s 3*3 at 2900/ 


4800 


Xog€ : 


: 2*7 at 2600 
«3-1 at 2960 


_^2 iog C : 

CHI 3 log € = 3-5 at 3450, 2940 


CV 

KI a 


— 3030 — 

— — 2570 

— 3030 — 
3570 3030 — 


log e = 3-9 at 3550, 2900 — 3570 3030 


4700 3500 2880 — 

— — — 2500 

— — 2880 — 

— 3350 2880 — 

— 3450 2880 — 


(i) The data recorded above show that the absorptive power of 
the chlorine compounds is very slight. Thus even chloroform only 
produces a measurable absorption at high concentrations and short 
wave-lengths, e.g the value of log s at 2400 A.U. is only -1-0. 
Carbon tetrachloride, however, develops a marked absorptive power 
at 2700 A.U., where log s = 0*0, and gives rise to a well-defined 
curve of general absorption (Fig. 1, c). 

(ii) Just as aa'-dibromocamphor gives rise to a much greater 
general absorption than aa'-dichlorocamphor, so the bromo- 
derivatives of methane are much more absorptive than the corre¬ 
sponding ehloro-compounds. Thus methyl bromide is nearly as 
absorptive as carbon tetrachloride; and the general absorption 

Ifaecomes increasingly strong in the series CH 3 Br, CH 2 Br 2 , CHBr 3 , CBr 4 
Iplg. 1, 6), until in the last compound the foot of the band begins to 
roach the violet end of the visible spectrum. It is noteworthy 
at the general absorption of p-bromocamphor, where the distance 
l the bromine atom and the oxygen of the ketonic group is 
ently great to prevent the two negative radicals from influenc¬ 
ing each other to any large extent, is very similar to that of methyl 
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bromide; thus the molecular extinction coefficient, which rises to 
log s = 1*1 at 2500 A.U. in p-bromocamphor, reaches the same value 
at 2400 A.U. in methyl bromide. This result is in harmony with 
the view that in both cases the weak bond which gives rise to the 
general absorption is the bond between carbon and bromine. 

(iii) Conclusive evidence that the general absorption of the halogen 
derivatives of methane is due to a band of short wave-length, and 
that this wave-length can be increased by weakening the bond which 
links the halogen to the carbon, was obtained from the study of the 
iodides of the series CH S I, CH 2 I 2 , CHI 3 . In this series, although 
we only expected to find an enhanced “general absorption,” 



5000 4000 3000 2000 3000 2000 

Wave-lengths. 

Absorption spectre of halogen derivatives of methane. 


definite bands are in fact developed (Crymble, Stewart, and Wright, 
Ber., 1910, 43, 1183; Massol and Faucon, Gompt. rend 1917, 164, 
813). Up to a certain point the extinction coefficients of methyl 
iodide are almost identical with those of bromoform, viz., log s 
= 1-0 at 3000 A.U. and 2*0 at 2800 A.U. ; but the curve for the 
iodide, instead of rising progressively to log e = 3-0 at 2400 A.U., 
reaches a maximum, log s = 2*6 at 2600 A.U., and then falls again 
to log s == 2*0 at 2327 A.U. (Fig. 1, a). 

(iv) The absorption band, which thus makes its appearance for 
the first time in methyl iodide, develops progressively in the 
series CH 3 I, CH 2 I 2 , CHI 3 , until, in the case of iodoform, the foot of 
the band extends half-way across the visible spectrum. The 
visible colour of this compound, however, unlike that of ^-benzo- 
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quinone, is still due to a selective absorption in the ultra-violet. 
The appearance of a general absorption beyond the band is a novel 
feature, which was seen for the first time in iodoform; but no great 
significance appears to attach to it, since it merely suggests the 
existence of a reserve of bands of shorter wave-length, which can be 
shifted towards the accessible ultra violet region by the accumulation 
of negative atoms. 

(v) The most interesting feature of the iodoform curve is the 
division of the crest of the band into two maxima, log s — 3*5 at 
3450 and 2940 A.U., separated by a shallow minimum. It is not 
certain, however, whether even this should be regarded as an 
entirely abrupt development, since the band becomes progressively 
wider on passing from methyl iodide to methylene iodide and then 
to iodoform, although a careful examination failed to reveal any 
similar subdivision of the crest of the band in methylene iodide. 
The general form and position of the curves certainly suggest that 
we are dealing with the same band throughout, and that, although 
the second and third atoms of iodine may reinforce and develop the 
band, they are not eeded in order to initiate it. It is, however, 
equally clear that the striking development of the band in methylene 
iodide and in iodoform reveals the influence of certain novel factors, 
which are not present in the simple alkyl iodides and are sufficiently 
important to form the subject of a separate discussion. 

3. Absorption Spectra of Iodine , Potassium Iodide , and Potassium 

Tri-iodide. 

In view of the qualitative comparisons which earlier workers 
have made between the absorption spectra of the iodo*derivatives 
of methane and those of solutions of iodine in alcohol and in 
aqueous potassium iodide, we have thought it desirable to include 
these solutions in our series of quantitative measurements. The 
results are shown in Fig. 1, a , together with a curve of general absorp¬ 
tion of potassium iodide. They have also been included in Table 1. 
The general conclusions are as follows : 

(a) Although visible colour is developed more readily in com¬ 
pounds of iodine than in those of the other halogens, so many 
colourless compounds of iodine are known that one must suppose 
its ehromophoric properties to be like those of oxygen, which 
depend on the mode of combination of the element, rather than like 
.those of chromium or cobalt, where the elements seem to be almost 
incapable of yielding colourless derivatives. It is, therefore, very 
doubtful whether Massol and Faucon were justified, after recording 
$he existence of three bands at 4700, 3500, and 2880 A.U. in an 
ifeoholic solution of iodine, in identifying these same bands in the 
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absorption spectra of the iodo-derivatives of methane. A theoretical 
objection to this method of treatment is found in the fact that, 
according to the conventional view, the atoms of iodine in an alco¬ 
holic solution are linked only by iodine-iodine bonds, whilst in the 
iodo-derivatives of methane all the atoms of iodine are held by 
carbon-iodine bonds. There is, therefore, no obvious basis for an 
identity of characteristic frequency, unless it arises from the inherent 
properties of the iodine atom or molecule; and the former altern¬ 
ative at least is ruled out by the fact that the frequency of the band 
in methyl iodide (2600 A .XL) is so far different from that of the iodine 
bands that Massol and Faucon did not attempt any identification in 
this case. On the experimental side, this identification is limited 
by the fact that the band at 4800 A.U., which imparts a visible colour 
to the alcoholic solution of iodine, is not reproduced in any of the 
derivatives, the colour of which is invariably due to the extension 
into the visible spectrum of the foot of an ultra-violet band. The 
second band at 3500 A.U. can also be omitted from the discussion, 
since it is not recorded by Crymble, Stewart, and Wright, and no 
trace of it can be found on the quantitative curves which we have 
plotted in Fig. 1, a. It is therefore only the third band, at 2900 A.U., 
that is available for the purpose of identification. 

A band at 2900 A.U. occurs in the absorption spectrum of iodine 
in aqueous potassium iodide, as well as of iodine in alcohol; but it is 
accompanied by a second band at 3500 A.U.-, which is of much 
shorter wave-length than the visible band at 4770 A.U. of the alco¬ 
holic solution. It is, therefore, impossible to attribute the selective 
absorption at 2900 A.U. to the presence of free iodine in the aqueous 
iodide solution. If, therefore, the band is really the same in the two 
cases, it must be ascribed to some identical type of bond between 
the atoms of iodine, a conclusion against which no theoretical 
objection can be urged. 

We have already seen that the wave-length of the band in methyl 
iodide is less than in elementary iodine; but in methylene iodide 
it is approximately equal to it. Since ethylene iodide gives a band 
of the same frequency as methyl iodide, although of rather greater 
intensity, Orymble, Stewart, and Wright attribute the methylene 
iodide band to the juxtaposition of two atoms of iodine in the same 

molecule, i.e. 9 they suggest that I-G-I gives the same band as I-I, 

but that I—C—(j)—I behaves like -C-I. Our own measurements 
indicate, however, that the band in methylene iodide reaches a 
maximum at 2960 A.U., and is definitely of lower frequency than 
the iodine band at 2900 A.U. It is, moreover, quite different in 
appearance, and could only be identified with the iodine band on the 
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assumption that it was really a double band, of which one component 
was identical with one of the bands of elementary iodine- It is 
therefore only in iodoform that any real identification is possible.* 

(b) Whilst Massol and Faucon attempt (perhaps somewhat un¬ 
reasonably) to identify the bands of elementary iodine with those 
of its derivatives, Crymble, Stewart, and Wright associate together 
the spectra of potassium tri-iodide and iodoform. This identific¬ 
ation appeared at first sight to be at least equally unreasonable, since 
the colour of the tri-iodide is always attributed to the negative ion 
I 3 ~, which (like iodine itself) can only contain iodine-iodine bonds, 
whilst in iodoform the three atoms of iodine have always been 
regarded as linked independently to a central atom of carbon. 
Before accepting so remote an identification, therefore, we regarded 
it as essential to plot quantitative absorption curves for the two 
substances. The result has been to establish a degree of resemblance 
which is even closer than that shown by the qualitative curves. 
Thus (i) each spectrum includes two bands, and only two, in the 
accessible range of the spectrum. 

(ii) The foot of the band of longer wave-length extends in 
each case into the visible spectrum and gives rise to visible 
colour. 

(iii) In the same way, the band of shorter wave-length is followed 
almost immediately by a strong general absorption. 

(iv) The persistence of the band of shorter wave-length is thereby 
limited to about 0*25 in both compounds. 

(v) The two crests are of similar wave-length, namely, 3500 
and 2900 A.U. for potassium tri-iodide and 3450 and 2940 for 
iodoform. 

(vi) In both cases the two crests are of equal intensity. 

(vii) They are also separated by a shallow minimum which 
limits the persistence of the band of longer wave-length to about 
0*25 in both eases. 

(viii) Finally, the intensities of the bands bn the absolute scale, 
although not identical, are almost the same in the two cases, namely 
log e = 3*5 for iodoform and 3*9 for potassium tri-iodide. 

These eight points of agreement, which appear to us to be far 
beyond the possibilities of a mere coincidence, point to the existence 
of some definite similarity of structure between the two compounds. 
No such similarity is indicated, however, by any of the conventional 
formulae. Thus, the most plausible formula for the I 3 ~ ion is perhaps 

* Carbon tetraiodide is so -unstable in alcoholic solution that it was not 
; investigated by Crymble, Stewart, and W oight, nor by ourselves; we cannot 
therefore say what weight should be attached to the statement of Massol 
and. Faucon that it gives the same bands as iodoform. , 
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one which represents it as the analogue of the HF a ~ ion, e.g., K[III] 

< •+■ *— -i- — 

(compare K[FHF]); but the formula of iodoform cannot be made to 
conform to this pattern, since it has always been assumed that the 
three atoms of iodine are linked directly to carbon and not to one 
another. The stricter rules of the electronic theory of valency 
forbid, in an even more emphatic manner than before, any tampering 
with these formulae, e.g. j by assigning a higher covalency to iodine, 
and thus superposing a ring structure on the traditional tetrahedron. 
We can therefore only conclude that our present theories of valency 
are inadequate to express certain features of molecular structure 
which may become of predominant importance in cases such as that 
now under consideration. It appears, indeed, as if both molecules 
were dominated by a cluster or ring of three contiguous iodine 
atoms, just as (according to W. L. Bragg’s recent determinations) 
the crystal structure of most of the oxy-salts and of many of the 
metallic oxides is dominated by clusters of contiguous oxygen atoms, 
leaving the co-ordinating atom to occupy a mere cavity between the 
oxygens. This picture, from which all traces of the bonds between 
the atoms have been erased, is admittedly unconventional, but it 
appears to be the only one which gives any clue to the origin of the 
amazing similarity of the two absorption spectra. 

4. Summary and Conclusions . 

(а) The general absorption of the chloro- and bromo-derivatives 
of methane increases progressively from chloroform to carbon tetra- 
bromide. Methyl iodide, however, produces a band which becomes 
more intense and of longer wave-length on passing to methylene 
iodide and to iodoform, where the crest of the band is finally resolved 
into two maxima. 

(б) The ultra-violet absorption band of methyl iodide cannot be 
explained by any of the older theories of colour, but finds a simple 
explanation in the relative weakness of the bond between carbon 
and iodine, and the consequent smallness of the quanta of energy 
that are required to activate it. The suggestion is therefore made 
that the general absorption of the halogen derivatives of camphor 
and of methane, and the intensification of the general absorption 
by an accumulation of contiguous negative atoms, is due to the 
activation or incipient ionisation of a single bond, just as the 
ketonic band of camphor may be attributed to the activation or 
incipient ionisation of the double bond of the carbonyl group. 

(c) There is a close resemblance between the absorption spectra 
of iodoform and of potassium tri-iodide, which is not accounted for 
by the formulae commonly assigned to these compounds, and appears 

Y 
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to be beyond the scope of our present theories of valency. It may, 
however, be due to the presence of three contiguous atoms of iodine 
in the space models of the two compounds. 

University Chemical Laboratory, 

Cambridge. [Received, November 19 th, 1925.] 


LXXXV .—The Equivalent Conductivity of Solutions of 
Sodium Hydroxide and the Mobility of the 
Hydroxyl Ion. 

By Humphrey Rtvaz Raikes, Albert Frederick Yorke, and 
Frederick Kenneth Ewart. 

The object of the work detailed in this paper was to make use of 
the very pure water obtainable from stills of the type described by 
Bourdillon (J., 1913, 103, 791) for determining the value of the 
mobility of the hydroxyl ion. 

It has long been recognised that the chief impurity in conductivity 
water is carbon dioxide. Present as it is in extremely small quan¬ 
tities, its effect on the conductivity of solutions of salts and to a less 
degree of acids may well be regarded as negligible and the true value 
of the conductivity is obtained from the observed value by sub¬ 
tracting a “ water-correction.” 

With hydroxides, however, the case is quite different, since slow- 
moving carbonate ions are substituted for mobile hydroxyl ions and 
in very dilute solution the conductivity is that of a carbonate and 
not that of a hydroxide. The observed values will thus be less than 
the true values and if anything a correction should be added instead 
of subtracted.* As, however, the determination of the value of this 
correction is not a simple matter, our method has been to use only 
water of the highest purity and to regard the whole conductivity 
as being due to the hydroxide. 

The still used was a slightly modified Bourdillon still. It delivered, 
in quantity, water of specific conductivity 0*06—0*07 gemmho, and 
in the best experiments this had not increased beyond 0*09 gemmho 
after the water had been transferred to the conductivity cell, 

* Mr. W. F. K. Wynne-Jones has very kindly examined our figures and 
in one run where water of 0*599 gemmho purity was used and in which the 
equivalent conductivity showed a maximum at a concentration of 0*0007 
mol. per litre he has shown that the application of a correction based on the 
assumption that the conductivity of the water was due to carbon dioxide 
I biings the values obtained into close agreement with those found by us in 
|, wafer of a high degree of purity. 
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Experimental. 

Preparation of Sodium Hydroxide Solutions. —The chief methods 
available for the preparation of pure aqueous sodium hydroxide are 
(i) the action of water on metallic sodium; (ii) methods involving 
the precipitation of the carbonate present in ordinary sodium 
hydroxide by means of a barium or calcium salt; (iii) the electrolysis 
of an aqueous solution of a sodium salt. 

In the first method, the difficulty is to get rid of the scale of car¬ 
bonate on the surface of the metal before submitting it to the action 
of water. 

Fig. 1. 



Apparatus for the preparation of sodium hydroxide solutions. 

In the second method, it is impossible to avoid the presence in the 
final product of either barium or calcium. Noyes states {Pub. Car¬ 
negie Inst., 1907, No. 63) that his final product contained at least 
0*1% of barium sulphate. 

A very pure product may be obtained, however, by the third 
method. 

A method somewhat similar to ours for obtaining aqueous sodium 
hydroxide free from carbonate has been described by Jorissen and 
Filippo ( Chem . WeeJcblad , 1909, 6, 145). 

Description of Apparatus .—The cell (Fig. 1) consisted of an outer 
vessel of common glass about a litre in capacity, carrying a wide 
glass tube of about 200 c.c, capacity which was made the cathode 
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compartment. The tube was at first of Jena glass and later of 
Pyrex glass; no difference in the purity of the final product could 
be detected. All the glass tubing used was boro-silicate and was 
well steamed before being made up. The bottom of the cell was 
covered to the depth of about an inch with mercury, previously 
distilled in a vacuum. 

A tightly fitting wooden cap in the outer vessel carried the 
cathode compartment and other accessories. The lower end of the 
cathode compartment dipped well below the surface of the mercury, 
but did not touch the bottom of the outer vessel. A tightly fitting 
cork in the top of the cathode compartment itself carried the 
accessories necessary in this compartment. 

The anode consisted of a carbon rod, which was rather rapidly 
attacked by chlorine; it was protected as far as possible by means of 
a glass tube, and arranged so that its end was about 1 inch above 
the mercury surface. 

The cathode was of iron protected by a sheath of borosilicate 
glass tubing; its lower end dipped into the mercury and the 
iron never came into contact with the solution in the cathode 
compartment. 

At first the whole apparatus was arranged so that it could be 
rocked gently in order to facilitate the passage of the sodium 
amalgam into the cathode compartment. This rocking was, how¬ 
ever, found to be unnecessary and was abandoned. 

The current used was about 2*3 amps, when the cell could be 
watched, but when it had to be left this was reduced to T2 amps, in 
order to avoid the risk of heating. 

Procedure when Working the Cell .—The mercury having been run 
into the cell, the cap was placed in position and sealed on. As an 
additional precaution, the whole of the outside of the cap was 
covered with a layer of high melting-point paraffin-wax. 

The cathode compartment was washed from five to six times with 
fairly good conductivity water; the water being run in through D 
and syphoned out through E . 

A normal solution of sodium chloride (Merck) made up with water 
of about 0-5 gemmho conductivity was run into the anode compart¬ 
ment through the tube A , so that the level of the liquid was about an 
inch below the end of C ; the tube i was then fitted with a soda-lime 
tube. 

A current of dry air, free from carbon dioxide and ammonia, was 
next passed through the cathode compartment, via the tube F, the 
'tobes I> and I? during this operation carrying soda-lime tubes; 
l^t^this, the tube F was connected to a soda-lime tube, 

! about 200 c.c. of pure water (0-3 gemmho conductivity) 
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were run into the cathode compartment through the tube D, which 
was connected to the flask delivering the water, so that at no time 
did the latter come into contact with the atmosphere. The tubes 
D and E were then closed. 

The current was now switched on, the hydrogen evolved at the 
cathode escaping through the soda-lime tube connected with F , 
and the chlorine being drawn off through C by means of a water 
pump; it was found necessary to connect the tube A to the air 
(through a soda-lime tube) in order to prevent a reduction of pres¬ 
sure taking place in the anode chamber, and consequent passage of 
the cathode liquid into the anode compartment. The exhausted 
brine was syphoned off through B. 

Care was taken to keep the temperature of the cell as low as 
possible during the reaction, in order to prevent the solution of 
silica. The temperature at no time rose above 40° and was usually 
kept between 25° and 30°. 

After the current had passed for about 6 hours, some of the 
sodium hydroxide in the cathode compartment was drawn off, and 
its strength roughly estimated. The solutions eventually used 
varied from N/ 10 to N. The main quantity of solution was then 
transferred by suction to a Jena glass flask which had been previously 
steamed and filled with pure air. 

Thus the sodium hydroxide solution never came into contact 
with the air of the room at any time during its preparation. The 
solution was stored in this flask until required for a dilution, but was 
rarely kept for more than 3 days before being so used. 

Purity and Analysis of the Sodium Hydroxide Solutions. —The 
sodium hydroxide prepared as above was invariably tested for chlor¬ 
ine and carbon dioxide, the former by the nephelometric method of 
Richards ( Amer. Ohem. J., 1904, 31, 235; 1906, 35, 99), and the 
latter by mixing with baryta in the nephelometer by a method which 
enabled the solutions to be compared without any risk of contamin¬ 
ation by carbon dioxide. The solutions never showed a greater 
cloudiness than a clear solution of baryta which was used as standard. 
Chlorine was always absent. The analysis of the solutions was 
carried out by means of weight titrations against hydrochloric acid, 
with methyl-red as indicator. The analyses were always done in 
triplicate and never differed by more than 1 part in 10,000. 
The hydrochloric acid was purified and estimated by Richards’s 
method (J. Amer. Ghem . Soc ., 1905, 27, 459). Three analyses of 
each sample were made and the results agreed to 1 part in 20,000. 

The weights used were standardised by Richards’s method (J. 
Amer. Chem. Soc., 1900, 22, 144) and the appropriate vacuum 
correction was always applied. The densities of the sodium 
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hydroxide and hydrochloric acid solutions were taken from Landolt 
and Bornstein’s tables. 

The Conductivity Measurements .—The cell used was one de¬ 
signed by Hartley and Barrett and will be described in a future 
publication. It consisted essentially of a 1500 c.c. Jena glass 
beaker, to the top of which was cemented a brass ring. To this ring 
was attached by means of screws a silver-plated brass cover which 
carried the electrodes, a stirrer, and a thermometer, and was pro¬ 
vided with two openings through one of which a stream of pure air 
could be passed, whilst the tip of the weight pipette was inserted 
through the other. These openings could be closed at will. The 
electrodes were coated with platinum black. 

All the resistances were calibrated against Wolff standards which 
had been recently restandardised at the National Physical 
Laboratory. 

The cell constant, determined in the manner described by Frazer 
and Hartley (Proc. Roy . Soc ., 1925, A, 109, 355), had the value 
0*1367, identical with the value obtained by Hartley and Barrett 
in 1909. 

The Thermostat.—The temperature variation of the bath was 
never more than ± 0*01° and for most of the rims it did not 
exceed ±0*005°, 

The Weight Pipette. —The weight pipette used for adding the 
solution to the cell was provided with a filling arrangement which 
effectually prevented the contamination of the solution by the carbon 
dioxide of the air. 

A run was carried out by adding weighed portions of stock 
solution to the solvent in the cell. 

Cleaning and Drying the Cell .—After each run the cell was rinsed 
out several times with pure water, and the electrodes, thermometer, 
and stirrer were cleaned by means of a stream of water. The cell 
was then filled with about a litre of pure water, the top placed in 
position, and the stirrer set going for several hours. The water was 
changed at least once a day and stirred. When the cell was required 
for a run, the beaker was inverted and allowed to drain for about 
6 hours; the rest of the cell was also drained. For the first two runs 
the beaker was finally dried by means of filter-paper; the thermom¬ 
eter and stirrer were dried in a similar maimer. The electrodes 
were dried by just touching their edges with filter-paper. 

It was found later that the water was of better quality if the beaker 
was not wiped, but if, after draining, the top was placed in position 
; and a current of dry air passed through it for several hours, the 
| jstirrer being rotated in order to keep the air circulating. This was 
f^to be a very effective method of drying. 
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The Results .—In all, seven runs were carried out at IS 0 and two at 
10°. The figures in Tables I and II show that even in the best water 
the equivalent conductivity fell off in solutions less concentrated 
than N /I000. In some of the earlier runs the values obtained were 
quite untrustworthy. 

All concentrations are given in gram-molecules per litre at the 
temperature of experiment (NaOH = 40). 

Table I. 

Equivalent Conductivity of Sodium Hydroxide at 18°. 


Uncorrected for solvent conductivity. 

Run H. 31/5/1922. T « 18° ± 0-005°. Water 0-086 gemmho. 

Cone. X 10 4 0*266 0*576 0*889 2*45 7*24 17*87 29-9 

A . 171*8 185-0 189-0 200-7 205-0 208-0 208*0 

Run K. 12/6/1922. T = 18° ± 0-005°. Water 0*084 gemmho. 
Cone. X 10 4 2-54 5*85 11-28 22*5 48-7 99-5 170 319 

A . 208-3 211-4 214*4 213-6 211*4 209-5 207*6 203*8 

Run L. 20/6/1922. T = 18° ± 0-005°. Water 0*087 gemmho. 

Cone. X 10 4 10*5 22-3 41-2 76*4 158 277 545 

A . 215-0 213-7 212-0 210-1 207*9 204-9 198*1 


Table II. 

Equivalent Conductivity of Sodium Hydroxide at 10°. 

Uncorrected for solvent conductivity. 

Run D. 29/4/1922. T = 10° ± 0*01°. Water 0*082 gemmho. 

Cone. X 10* ... 0*431 1*26 8*42 17-6 33-1 

A . 152*4 169*1 178*3 178*6 .178*0 

Run M. 22/6/1922. T =* 10° ± 0-01°. Water 0*089 gemmho. 

Cone. X 10 4 ... 9*74 1 8-9 36*7 73*5 144 285 

A .,. 179*2 178*2 177-0 176*6 175-1 173*0 

Fig. 2 gives the graph of equivalent conductivity plotted against 
the square root of the concentration, and it will be seen that for 
solutions more concentrated than iV/1000 the points lie on straight 
lines up to a concentration of Nj 30. The equations to these lines 
are: _ 

at 18°, A 18 == 217 - 75-7Vc_ 
and at 10°, A 10 . = 180-2 — 44-2Vc, 

c being the concentration of the solution in gram-molecules per litre 
at the temperature of experiment. 

Noyes (loc . cit.), whose sodium hydroxide was estimated by him¬ 
self to contain 0*1% of barium sulphate, gives four values for the 
equivalent conductivity which lie about 0*5% below our values (see 
Pig. 2). 
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For comparison, the values obtained by Kohlrausch (Wied. Ann., 
1885, 26, 197) are also plotted in Fig. 2. 

The Temperature Coefficient of Equivalent Conductivity between 
10° and 18°.—The temperature coefficient calculated from the above 
figures is 4*60. The value obtained by Noyes (loc. cit.) for the range 
18—100° was also 4-60. 

The Mobility of the Hydroxyl Ion .—The mobility of the sodium ion 
at 18° being taken as 43-4 (Noyes and Falk, J. Amer . Chem . Soc 
1912, 34, 479), the mobility of the hydroxyl ion becomes 173-6 at 
18°. 



Vc. 


The points marked A are those of Noyes; the concentrations hum 
been recalculated to gram-mols. per litre. 

If the mobility of the sodium ion as calculated by Washburn (J. 
Amer . Chem. Soc., 1918, 40, 158) is taken to be 43*23, the value for 
the hydroxyl ion becomes 173*8. 

On the somewhat untrustworthy assumption that the transport 
number of the hydroxyl ion in sodium hydroxide has the same value 
at 18° and 10°, the mobility of the hydroxyl ion at 10° is, using the 
Noyes and Falk value for the sodium ion, 144-2, and using the 
Washburn value, 144-3. 

Summary. 

equivalent conductivity of solutions of sodium hydroxide has 
’*¥*° and the values for infinite dilution 

217*0 ■ and 180-2, respectively. 
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Using Washburn’s value for the mobility of the sodium ion, the 
mobility of the hydroxyl ion is found to be 173*8 and 144*3 at the 
two temperatures. 

The authors wish to express their indebtedness to the Research 
Fund Committee of the Chemical Society for assistance in purchasing 
a part of the apparatus used for the still, to the authorities of Balliol 
and Trinity Colleges for permission to use their laboratory, and 
in particular to Brigadier-General H. Hartley for his continued 
interest and advice during the course of the work, 

Exeter College, Oxford. [Received, November 21 at , 1925.] 


LXXXVI .—The Mercuration of Aromatic Substances . 
Part II. o-Nitrotoluene. 

By Samuel Coffey. 

The position taken up by the acetoxymercuri-group in the mercur¬ 
ation of benzenoid compounds is sometimes anomalous; thus in 
the mercuration of nitrobenzene 50 and 40% of the o- and m-com¬ 
pounds respectively are formed, whilst with toluene the proportions 
of the three isomerides are o : m = 43; 13 :44 (J., 1925, 127, 
1029). 

In the mercuration of the three mononitrotoluenes, which has 
now been studied, the reaction does not follow the expected course. 
This paper deals with the results obtained on mercurating o-nitro- 
toluene. When a third substituent is introduced into this com¬ 
pound, the 1:2:6 and 1:2: 4-derivatives are generally the chief 
products. Of the four possible chloromercuri-o-nitrotoluenes, the 
1:2: 4-compound was isolated in quantity, the 1:2: 6-compound 
was proved to be present in relatively large amounts, and the 
formation of the 1:2:3- or 1:2: 5-derivative also was demon¬ 
strated. Attempts that were being made to discover which of 
these two was actually present were abandoned when the author 
was informed that Dr. Kenner, working at Sheffield,, had obtained 
the 1:2: 3-derivative in considerable quantity by mercurating 
o-nitrotoluene. ■ 

Although nitrotoluenes react with mercuric oxide and hot caustic 
soda solution to give compounds containing mercury in the side chain 
(Reissert, Ber. } 1907, 40, 4209), no mercurinitrotoluenes containing 
mercury directly attached to the nucleus are known. These are 
readily obtained when o-nitrotoluene is heated with mercuric' acetate 
at 140°. 

For comparison and in order to see whether the 1:2:3- and 

y* 
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1:2: 5-derivatives differed at all in physical properties from the 
normal substitution products, 4-chloromercuri- and 5-chloromercuri- 
2-nitrotoluene were made synthetically through the corresponding 
sulphinic acids (compare Peters, Ber., 1905, 38, 2567). 


Experimental. 

Mercuration of o -Nitrotoluene. —Prom the product of reaction in 
boiling acetic acid, only mercurous acetate and the internal anhydride 
of monohydroxymercuri-acetic acid were isolated. 

The mercuration was best carried out as follows : Mercuric acetate 
(1 part) and o-nitrotoluene (4 parts) were heated gradually with 
occasional shaking. At 110—120°, the mercuric salt became orange- 
red and viscous, the solution frothed slightly, and acetic acid 
distilled off. As the temperature increased, the red mass gradually 
disappeared and a pale yellow solution formed. A temperature of 
140—150° was attained after an hour’s heating and was maintained 
until the product failed to respond to a test for mercuric ions (4 hours). 
After 12 hours, a brown, amorphous solid, containing a little free 
mercury but consisting mainly of mercurous acetate, separated. 

The clear nitrotoluene solution was then poured into a large 
volume of ether and left for 24 hours, when an almost colourless, 
amorphous solid separated. This had a high mercury content and 
apparently consisted of polymercuri-compounds; it was free from 
monoacetoxymercuri-derivatives. The ether was distilled off, the 
clear yellow solution treated with an excess of sodium chloride solu¬ 
tion to convert the acetoxymercuri-compounds into the more 
easily purified chloro-derivatives, and the excess of nitrotoluene 
removed as quickly as possible in a current of steam. The main 
product of the reaction remained as a heavy, almost colourless mass. 
This was broken up and allowed to dry in the air. The yields (in 
grams) of the various products obtained in different experiments 


were : 

I. 

II. 

III. 

IY. 

Nitrotoluene used. 

210 

310 

1000 

360 

Mercuric acetate . 

50 

75 

200 

90 

Insoluble in nitrotoluene. 

3 


18 

5 

Insoluble in ether .. 

9 

15* 

35 

15 

Main product ... 

40 

55 

166 

69 


This crude main product contained a small amount of nitro¬ 
toluene which was retained very tenaciously but was finally removed 
by extraction with ether in a Soxhlet apparatus. The residue 
‘ melted at 120—155° and consisted only of monochloromercuri-o- 
| nitrotoluenes (Pound : N, 3-75. C 7 H 6 0 2 NClHg requires N, 3«8%). 

■ and Orientation of 4z~Chloromercuri-2-nitrotoluene —By 
the crude product (160 g.) twice from 500 c.c. of hot 
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acetone the pure compound was obtained in silky needles, m. p. 
220*5—221° (corr.), having, when dry, the appearance of asbestos. 
By working up the mother-liquors a total yield of 32 g. was obtained 
(Found: N, 3*7; Hg, 53*9. Calc., N, 3*8; Hg, 53*9%)* 

4-Chloromercuri-2-nitrotoluene is sparingly soluble in all usual 
solvents except acetone and hot glacial acetic acid. By treatment 
with the theoretical quantity of bromine in chloroform it was slowly 
but quantitatively converted into 4-bromo-2-nitrotoluene, which 
crystallised from methyl alcohol in slender needles, m. p. 44*5—45°; 
when it was crystallised very slowly it was obtained in large, pale 
yellow, brittle prisms (compare Hiibner and Boos, Ber., 1873, 6, 
799). 

Most organic mercury compounds react with iodine very readily, 
but the reaction of 4-chloromercuri-2-nitrotoluene with an equivalent 
of iodine in chloroform required 11 or 12 days for completion, 
theoretical yields being obtained of mercuric chloride, mercuric 
iodide, and 4-iodo-2-nitrotoluene, which crystallised from methyl 
alcohol in small, brittle prisms, m. p. 60*5—61°, identical with that 
obtained by Heynemann (Annalen, 1871, 158, 345) and Keverdin 
{Ber., 1897, 30, 3001). 

4-Bromomercuri-2-nitrotoluene was prepared by treating a solution 
of the chloro-compound in aqueous acetone with potassium bromide; 
after boiling for a few minutes, it was cooled, filtered, and the solid 
washed with water, and recrystallised from acetone. It is a heavy, 
crystalline powder, m. p. 241° (corr.), less soluble than the chloro- 
compound. 

4-Iodomercuri-2-nitrotoluene, prepared in a similar manner, melts 
at 286° with slight decomposition. It was recrystallised from acetone, 
in which it was only sparingly soluble. 

4-Mercuribis~2-nitrotoluene.—No mercuri-bis-nitro-compounds are 
known with the exception of mercuribistrinitrobenzene, obtained by 
heating mercuric trinitrobenzoate. The mercuribisnitrotoluene was 
obtained by carefully reducing the above chloro-compound with the 
calculated quantity of sodium sulphide. Under these conditions 
the chloromercuri-group is attacked before the nitro-group, owing 
no doubt to the fact that o-nitrotolyl mercuric sulphide is first 
formed and this unstable compound on wanning undergoes spon¬ 
taneous decomposition. In this way, the reducing agent is effect¬ 
ually “ fixed ” and cannot react with the nitro-group. 

4-Chloromercuri-2-nitrotoluene (3*7 g.) was shaken in a solution 
of crystallised sodium sulphide (1*2 g.) for 3 hours, being thereby 
converted into the colourless sulphide. The mixture was heated on 
the water-bath for 2 hours, the black product filtered off, washed, 
dried, boiled with acetone, and the solution filtered hot. The black, 
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inky extract, containing colloidal mercuric sulphide, thus obtained 
was filtered again when cold, the black, colloidal mercuric sulphide 
passing through the filter and leaving a white, crystalline solid. 
This spectacular method of purification was repeated until no more 
solid was obtained. The product was pure &-mercuribi8-2~nitro- 
toluene, which crystallises from acetone in a woolly mass of needles, 
m. p. 291° (corr.) (Found : Hg, 42-0. C 14 H X2 0 4 N 2 Hg requires 
Hg, 42*4%). On boiling for 3 hours with one equivalent of 
mercuric chloride in alcohol, it gave an almost theoretical yield of 
pure 4-chloromercuri-2-nitrotoluene, its constitution being thus 
determined. • 

Existence of 6-Chloromercuri-2-nitrotoluene .—The remainder of 
the mixed chloromercurinitrotoluenes (see p. 638) was suspended 
in chloroform and treated with bromine (1 mol.), and the bromonitro- 
toluenes, which were purified by distillation in steam, were obtained 
in quantitative yield as a golden-yellow oil, freezing at low temper¬ 
atures to a buttery mass. Attempts to separate this oil into its 
constituents by means of freezing, fractional distillation in steam, 
or a vacuum, or by crystallisation, failed. The nitro-compounds were 
therefore reduced to the corresponding bromotoluidines by warming 
for 2 hours with sodium sulphide in aqueous alcoholic solution on 
the water-bath. The amines were distilled in steam, an excess of 
hydrochloric acid was added to the distillate, and the mixed hydro¬ 
chlorides were fractionally crystallised; but no pure compound 
could thus be isolated. The mixture of bases was therefore acetyl- 
ated, and 7*2 g. of the product were fractionally crystallised as 
follows. The solution in 50 c.c. of hot 50% acetic acid was filtered, 
and cooled very rapidly, when 2*1 g. (A) separated, m. p. 150—‘158°. 
On standing, the mother-liquor deposited 0*7 g, (B) of pale brown 
needles, m. p. 159—161°. Only solids with low melting points 
could be obtained from the final mother-liquor. 

On recrystallisation from 10 c.c. of 50% acetic acid (A) gave 1*6 g., 
m. p, 163—164°, and further recrystallisation from benzene furnished 
colourless needles of constant m. p. 165*5° (corr.). On hydrolysis 
this acetyl compound gave a base, m. p. 32°, which was converted 
into a benzoyl derivative, m. p. 160° (corr.). The base was compared 
with 4-bromo-o-toluidine; the latter also melted at 32°, and its 
acetyl derivative at 165*5—166° (compare Janney, Annalen , 1913, 
398, 359), as did also a mixture with (A). The benzoyl compounds 
were also identical. The yield of 4-bromoaeeto-o-toluidide isolated 


was 23%, corresponding to 18% of the original mixed mercurated 
i^tfotoluenes. Hence the total amount of 4-chloromercuri-2-nitro- 
accounted■.for is 3.8%. 

bn recrystallisation from benzene gave 0*55' g. ■ 
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of long needles, m. p. 162—163°; a mixture with (A) melted at 120— 
130°. Hydrolysis furnished a liquid base, which was proved to be 
6-bromo-o-toluidine as follows : 2 : 6-dinitrotoluene was reduced, 
as described by Noelting (Ber. } 1904, 37, 1018), to 6-nitro-o-toluidine. 
This was diazotised and converted into 6-bromo-o-nitrotoluene, 
m. p. 38°. The latter was reduced to a liquid base, which gave a 
theoretical yield of the acetyl compound (B) on treatment with 
acetic anhydride; it melted at 164-5° (corr.). 

Some of the melting points of this acetyl compound given in the 
literature are erroneous; Friedlander, Bruckner, and Deutsch 
(Annalen, 1912, 388, 30) give it as 163°. 

Proof of the Presence of 3- or 5-Chloromercuri’2-nitrotoluene ,—Many 
attempts were made to isolate other derivatives of the bromotolui- 
dines, the bromodinitrotoluenes (obtained by nitrating the mixture 
of bromonitrotoluenes), or the nitrotoluenesulphonic acids (obtained 
by sulphonating the original mercuri-compounds), but without 
success. A small quantity of 3 : 5-dibromo-o-toluidine was isolated, 
which indicated the presence of one or both of the compounds in 
question, but a more direct proof was obtained by eliminating the 
amino-group from the mixed bromotoluidines and showing the 
presence of m-bromotoluene in the product. 

A mixture of the dry amines, absolute alcohol (4 parts), and 
20% oleum (2 parts) was warmed with an excess of sodium nitrite, 
and the product distilled in steam. The bromotoluenes, which 
passed over together with a brown substance, were purified by steam 
distillation from an alkaline solution and repeated fractional distil¬ 
lation, a colourless liquid, b. p. 179—190°, being finally obtained 
which only partly solidified at — 80°. Hence it was not a mixture 
of the o- and p-isomerides only. The mixture was oxidised to the 
corresponding bromobenzoic acids, and the latter were separated 
as already described in Part I. In this way pure m-bromobenzoic 
acid, m. p. 154°, was .isolated, the presence thus being proved of a 
substance in the original mixture having the chloromercuri-group 
in the meta-position with respect to a methyl group and in the 
ortho- or para-position with respect to a nitre-group; which is 
abnormal for direct substitution. 

Synthesis of 5 - Chloromercuri-2-nitrotoluene. Preparation of 
2-Nitrotolyl 2-Nitrotoluene-5-$ulphazide .—Almost all thenitrotoluene- 
sulphinic acids are unknown. Since the usual methods of prepar¬ 
ation failed here, a process devised by Limpricht (Ber., 1887, 20, 
1238) was used. 

Sulphur dioxide was passed into a suspension of 6-nitro-ra- 
toluidine (10 g.) in 100 e.c. of alcohol at 0° until absorption ceased. 
The resulting solution was treated at 0° with nitrous fumes or with 
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a saturated solution of 20 g. of potassium nitrite with constant 
stirring. The mixture was kept in ice over-night and at room 
temperature for 2 days and then poured into water. The bright 
orange precipitate (9 g.) thus obtained was extracted with boiling 
alcohol, in which it was only sparingly soluble, and crystallised from 
glacial acetic acid, 2 -nitrotolyl 2-nitrotoluene-5-sulphazide separating 
in deep orange prisms, m. p. 157—158° (violent decomp,) (Found : 
N, 15-5. C 14 H 14 0 6 N 4 S requires N, 15-3%). 

Fission of a sulphazide by boiling sodium hydroxide solution 
usually proceeds smoothly: H*S0 2 *NH , NHR / + NaOH = 

Il'SO^Na **f“ F/H -j~ 1ST 2 + H- 2 ^ (compare Escales, 1885, “18, 
896). From the nitrotoluene compounds, however, much tar was 
produced and the acids were difficult to obtain pure by the usual 
methods. In the preparation of 2-nitrotoluene-5-sulphinic acid and 
other nitrosulphinic acids good use has been made of the fact that 
they form insoluble ferric salts, which are unchanged by dilute acids 
(Thomas, J., 1909, 95, 342). 

The preceding sulphazide was boiled with a slight excess of baryta 
until no more nitrotoluene escaped with the steam. The deep red¬ 
dish-brown solution was filtered hot through a wet filter to remove 
tar, acidified, well diluted, filtered from a little more tar, and treated 
with an excess of ferric chloride solution. The copious precipitate 
of ferric salt obtained was boiled with ammonia, the solution filtered 
from ferric oxide and evaporated to a small volume. On acidific¬ 
ation a pale yellow oil separated. This was extracted with ether, 
and on removal of the solvent, 2-nitrotoluene-5-sulphinic acid 
separated in small, colourless needles (Found: equiv., 203. 
C 7 H 7 0 4 NS requires equiv., 201*1. Found for the ferric salt: Fe, 
8-3. C 21 H 18 0 12 N 3 S 3 Fe requires Fe, 8*3%). 

The sulphinic acid was boiled with a 50% aqueous alcoholic solu¬ 
tion of mercuric chloride for a week, the solid which separated being 
filtered off periodically. After washing and drying, the crude 
chloromercuri-compound was extracted with hot acetone; pure 
5-chlor<mercuri-2-nitrotoluene crystallised from the solution in a 
" felted mass of small, shining needles, m. p. 210°. In solubility and 
general properties it was very similar to the 4-isomeride. 

2-Nitrofoluene-4:-$ulphinic Acid .—When a dilute solution of 
diazotised 6-nitro-^-toluidine was treated with sulphur dioxide and 
copper powder, a tarry mass was produced immediately. Better 
results were obtained by working in strongly acid solution, but even 
then the sulphazide was produced and not the free acid. The 
j| base (10 g.) was dissolved in sulphuric acid (75 c.c.) and water 
^.|75rC.c.), cooled to 0°, and diazotised; the latter reaction took place 
^very" slowly. The solution was saturated at 0° with sulphur 
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dioxide, and 30 g. of freshly prepared copper powder were added. 
When the vigorous evolution of gas had ceased, the blue solution 
was filtered from excess copper and poured into water. The orange 
precipitate of crude sulphazide (yield 8 g.; no sulphinic acid 
appeared to be produced) was hydrolysed with hot ammonium 
hydroxide solution, much tar being produced. The sulphinic acid, 
which was isolated through the ferric salt as described above, first 
separated as an oil but was finally obtained as a white, crystalline 
solid, m. p. 95°. It reacted readily with mercuric chloride in 
alcoholic solution, giving 4-chloromercuri-2-nitrotoluene identical 
with that isolated from the mercuration product of o-nitrotoluene. 

The author wishes to express his thanks to Professor J. N. Collie 
for the facilities afforded him in his laboratory, and also to the 
Trustees of the Ramsay Memorial Trust for the grant of a fellowship, 
during the tenure of which this investigation was carried out. 

The Ralph Forster Laboratories, 

University College, London. [Received, November 21th, 1925.] 


LXXXVII .—Tautomerism in the Thyroxin Molecule. 

By Cedric Stanton Hicks. 


In a previous paper (J., 1925, 127, 771) a possible relationship 
between thyroxin and tryptophan was shown, and the evidence 
pointed to the existence of a benzene nucleus in the substance, 
which was incompatible with almost complete hydrogenation of 
the aromatic fragment as postulated by Kendall (J. Biol, Chem 
1919, 40, 268). He has recently proposed (Chandler Lecture, 
Univ. Columbia, May, 1925) a modification (II) of his original 
formula (I), in support of which he offers further experimental 
proof. 


CHI 

IHC^^C^-CHa-CIL-COaH 
IHC C 00 



Cl 

IHC o— ch-ch 2 -ch 2 -co 2 h 
IHC C CO 


\^\/ 

CH NH 


(II-) 


A keto-enol type of tautomerism involving the lactim hydrogen is 
possible, and it was shown in the original work {loo. cit.) that the 
acetyl derivative did not produce the remarkable physiological 
effect of increase in heat production, when administered to the living 
organism. Kendall considers this enol transformation to be an 
intrinsic part of the mechanism whereby the molecule produces the 



644 HICKS : TATTTOMERISM IN THE THYROXIN MOLECULE. 


physiological effect, and further absorption spectrum study was 
undertaken to investigate this important phase of the subject. 

Acetylthyroxin was prepared by Kendall’s method (loc. cit) from 
20 mg. of commercial thyroxin. It remained amorphous and gummy, 
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A, beto -Thyroxin, B, Acetylthyroxin . C, Thyroxin in alkaline solution . 


despite attempts to purify it by crystallisation from alcohol. 
v^lEbiough the courtesy of Dr. Kendall, who specially prepared a 
of ihe acetyl derivative from pure thyroxin, measurements 
'were made possible. The substance was dissolved 
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in 75% aqueous alcohol and examined in concentrations of M /2,000, 
M/8,000, if/20,000, if/50,000, and Mj 100,000. 

&efo-Thyroxin was prepared by dissolving the pure substance in 
75% alcohol containing four equivalents of hydrochloric acid, and 
measurements were made at the same concentrations as the above. 

The alcohol-soluble derivative obtained by passing carbon dioxide 
into a solution containing thyroxin and its equivalent of sodium 
hydroxide ( loc . cit.) was dissolved in the minimum of 60% alcohol, 
and measurements were made as rapidly as possible at concentra¬ 
tions of Mj 4,000, Jf/20,000, Mf 80,000, and .M/100,000. 

Discussion. 

Allowance must be made for the error in the value of the absorp¬ 
tion coefficient likely to arise from the use of such minute quantities 
of material, but even so the evidence of the wave-lengths of the 
absorption bands remains. The curves for the acetyl derivative 
and the keto-form of thyroxin are more closely related to each other 
than to the curve for thyroxin in alkaline solution. The major 
band in the last lies at 3275 A.U., whilst in the other two it lies 
respectively at 2850 A.U. and 2925 A.U., the third band at 2750 
A.U. being absent from both. The curve for the so-called open-ring 
form, prepared by the action of carbon dioxide on an alkaline 
solution of thyroxin, is almost identical with that for the keto-iorm, 
except that it tails off suddenly at 2400 A.U., in the region of log c 

4, into the Schumann region, giving no band as in the other 
cases. It is possible that during the time taken to make the measure¬ 
ments, even in dilute alcohol, water may be removed, with con¬ 
sequent closure of the ring, and therefore the results obtained may 
be intermediate values. The change is represented as follows : 

Vg- H - Y~S ' +b * 0 

Since the original measurements were made on thyroxin, Friedli 
has confirmed the presence of the band in indole, in the region 
2100 A.U. {Bull Soc. chim . Biol , 1924, 6, 10, 908). 

My thanks are due to Professor Sir F. Gowland Hopkins for his 
continued interest in the work, and to Dr. E. C. Kendall for the gift 
of acetylthyroxin! This work was done during the tenure of a 
Beit Memorial Fellowship for Medical Research. 

The University Biochemical Laboratory, 

Cambridge. [Received, December 8th, 1925.] 
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LXXXVIII.— 1$-Alkylated Amidines. 

By Monmohan Sen and Jnanendra Nath BIy. 

In connexion with certain investigations relating to glyoxaline 
alkaloids, it became necessary to prepare and study the behaviour 
of a number of 2V-alkylated amidines. The methods already avail¬ 
able for the preparation of these substances (Wallach, Ber., 1879, 
12, 328; 1882, 15, 208; 1883, 16, 357, 1647; Strecker, Annalen, 
1857,103, 328) are not entirely satisfactory. Hofmann (Jahresber. 
ForL Chem ., 1865, 414; Monatsberichte Berl, ATcad 1865, 640) 
obtained diphenylacetamidine and diphenylbenzamidine by con¬ 
densing aniline with acetanilide and benzanilide, respectively, in 
presence of phosphorus trichloride or pentachloride. This rather 
convenient method seems to have been little investigated and it was 
deemed desirable to study it systematically. It is of very general 
applicability and by its means a number of new amidines have 
been prepared, in good yield in most cases. Phosphorus trichloride 
is the most suitable condensing agent for the purpose, although 
phosphoric oxide in boiling xylene may advantageously replace it 
in some cases. 

A mixture of the requisite quantities of an amine and an acyl- 
amine in about ten times the weight of phosphorus trichloride is 
heated at 110—120° for about 3 hours. The completion of the 
reaction is indicated by a drop of the reaction mixture giving a clear 
solution in water. The product is dissolved in cold water and 
basified; the amidine is then precipitated in a crystalline condition* 
The method is applicable to a secondary amine like diphenyl- 
amine and an acylamine. On the other hand, aeetomethylanilide 
condenses with m-toluidine, hence the reaction is represented as 
taking place as follows : 

NByR + R'-CO-NHR" ->KHR-CR'(OH)-NHR" 

NR:CR'-NHR" or NHR-CR':NR". 

But no isomeric forms can be isolated, as the amidines show virtual 
tautomerism (compare von Pechmann, Ber., 1895, 28, 869). By 
altering the order of combination the same product was isolated 
(A) from acetanilide and m-toluidine and from aceto-m-toluidine 
and aniline, and (B) from acetanilide and p-nitroaniline and from 
; ^nitroacetanilide and aniline. The result (B) is interesting, as 
|,Mre a strongly negative group jn the molecule has not impaired the 
liability pf the hydrogen atom in any way. 

view to prepare hydrazidines, we attempted to-condense 
l^f^lfedae witibi phenylhydrazine by this method. The product 
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of interaction of acetanilide and phenylhydrazine, on being rendered 
alkaline, evolved ammonia and diphenylacetamidine was obtained 
in more than 70% yield. 

Next, we attempted to prepare cyclic amidines by using urethane 
in place of an amine. Phosphoric oxide acting on molar propor¬ 
tions of acetanilide and urethane in boiling xylene solution gave 
rise to the compound (I), which will be described along with others 
of the same series in a subsequent communication. 


> /NH \C01VIe 

da! 


\/ 


\ /N 

CO 


(I-) 


A further point of interest is in connexion with the Beckmann 
transformation of acetophenoneoxime. The transformation may 
be represented as taking place through the phases (a) and (6): 


Me-C-Ph 

N-OH 


(a) 


Me-C'Ph 

ncl 


Me-Cj-Cl 

NPh 




Both (a) and (6) represent reactive chloro-compounds capable of 
condensing with aniline to form acetophenonephenylhydrazone 
and diphenylacetamidine respectively. The actual amounts of 
each would depend on the relative reactivity of the two chlorine 
atoms in (a) and ( b ). Actually, the amidine was produced and no 
trace of acetophenonephenylhydrazone could be detected. This 
result may, of course, be due to the smaller reactivity of the chlorine 
atom in the group CINCl as compared with NICC1, but it may also 
be taken to indicate that the intermediate phase (a) exists only for 
a very short period of time. 


Experimental. 

Some properties of the amidines that have been prepared are 
tabulated below. Unless stated otherwise, the amidines were 
crystallised from alcohol. The values in brackets in column 3 
are the calculated percentages of nitrogen. An amidine XINY was 
prepared from the components XO and NH 2 Y; e.g., 
NHPh*CMeIN-C 6 H 4 Me 

from NHPh-COMe and C 6 H 4 Me*NH 2 , and so on. 


Formula. 

NHPh-CMe:N‘C«H 4 Me (m). 

» (?)- 

(o). 

NHPh*CMe:N*C 8 H 4 *NO a (p). 

NHPh-CMe;N*C 6 H 4 -OEt (p). 

* 0, 80*2 (80*3); H, 7*3 (7*1). 


M.p. N %. Remarks. 

103° *12*7 (12-5) Needles. 

90 12*7 ,, 

138 12*9 Bufl-colottred 

nee dle s 

189 16*9(16*5) Yellow, prismatic 

needles.f 

102 11*3 (11*0) Colourless needles, 

f From methyl alcohol. 
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Formula. H. p. 

NPh;CMe*NPh 2 . 92 

(m) C 0 H 4 Me*NH*CMe;NPh. 103 

(w) C e H 4 Me*NH*CMe;N*C 6 H 4 Me(o). 101 

(?) „ (P). 120 

(?) C 0 H 4 Me*NH*CMe:N*C 6 H 4 *NO 2 (m). 134 


(?) C 6 H 4 Me*N:CMe:NPh 2 . 122 

(:P) OEt*C 0 H 4 *NH*CMe:N*C 6 H 4 *OEt (p). 117 
NHPh*CPh:N*C 0 H 4 Me (o). 107 

(?) C 6 H 4 Br*NH*CMe:N*C 6 H 4 Me (o). 122 

NPhMe*CMe:N*C 6 H 4 Me (m). 157 

(picrate) 


(?) N0 2 *C 6 H 4 *NH*CMe:NPh. 189 


NHPh*CMe:NPh. 


N %. Remarks. 

10*1 (9-8) Prismatic needles. 
12-8 (12*5) Identical with the 
first. 

12*1 (11*8) Rectangular plates. 
11*5 Needles.* 

15*9(15*6) Product boiled with 
water before cryst¬ 
allisation. Yellow 
needles.* 

9*4 (9*3) Needles. 

9*6 (9*6) 

10*0 (9*8) 

9*4 (9*2) Elongated needles, 
15*2(15*0) The base is an oil. 

Isolated as the 
picrate. Bright 
yellow needles. The 
free base regener¬ 
ated from the pic¬ 
rate is an oil which 
could not be solidi¬ 
fied. 

— Mixed with the 

fourth compound, 
no lowering of m, p, 
observed. 

— From acetanilide and 

phenylhydrazine. 


* From dilute alcohol. 


We wish to thank Professor It. Robinson, P.R.S., for his kind help 
in the preparation of the manuscript. 

The University College or Science, Calcutta. 

The University, Manchester. [ Received , November 28th, 1925.] 


LXXXIX .—Substitution in Vicinal Trisubstituted 
Benzene Derivatives . Part IV . 

By Leon Rubenstein. 

The investigation of substitution in dialkyloxybenzene derivatives 
of type (I) in which the group X is meta-directing has been con¬ 
ducted on a large number of compounds and discussed at length 
(Davies and Rubenstein, J., 1923, 123, 2839; Rubenstein, J., 
1925,127, 2268).* The continuation of that work is now described. 

Iff 1 ' . 

|^* Die bromination of these dialkyloxyaldehydes has been stated {loo, cit.) 

give onJ y the 5-bromo-derivative, the argument being based upon (i) the 
?!^^ion of substitution of the salicylaldehyde derivatives and (ii) the capacity 
l*t§a. tominated product to give a 6-nitro-compound. The position of the 
^ these compounds has now been proved by the direct prepar- 
i “'o*no- 0 -veratric acid from 5-nitro-o-veratrie acid (see p. 652), 
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(I-) 


OR 

/\ 


\/ 


OR, 

X 


OR 

/\, 


U 


OR, 

CH 2 -OH 


(II.) 


OR 

/NoRi 

^CHICH-COaH 


(III.) 


Substitution processes have been investigated on vicinal sub- 
stances of type (I) in which X is a weakly ortho-para-orienting group. 
The first series of compounds examined as fulfilling these require¬ 
ments were the dialkyloxybenzyl alcohols, and the nitration and 
bromination of these substances were carried out. In the nitration 
of o-veratryl alcohol, 2 : 3-diethoxybenzyl alcohol, and 3-methoxy- 

2- ethoxybenzyl alcohol good yields of the 5-nitro-benzyl alcohol 
were obtained in each case, the position of the nitro-group being 
shown by oxidation of the benzyl alcohol derivative to the 
corresponding benzoic acid. Bromination did not proceed so 
smoothly, but moderate yields of the 5-bromo-benzyl alcohols were 
obtained, the place of substitution again being shown by oxidation. 
The second series of compounds examined were the dialkyloxy- 
cinnamic acids (III) in which the group X (I) is ortho-para-orienting 
and unsaturated. In this case again, 5-nitro-derivatives were 
produced exclusively in the case of 2 : 3-diethoxycinnamic and 

3- methoxy-2-ethoxycinnamic acids. From these substances, the 
respective benzoic acids were reformed on oxidation. From 
2 : 3-dimethoxycinnamic acid a mixture of isomerides was formed 
on nitration, and by fractionally separating first the acids and then 
the esters left in the residual mixture on esterification it was shown 
that 85% of the nitration mixture consisted of 5-nitro-2 : 3-di- 
methoxycinnamic acid, the rest being the 6-nitro-acid. 


Experimental. 

5-Nitro- 2 : 3 - dimethoxybenzyl Alcohol .—2 : 3- Dimethoxybenzyl 
alcohol (5*5 g.; prepared from o-veratraldehyde by means of the 
Cannizzaro reaction) dissolved in glacial acetic acid (20 c.c.) is 
treated gradually with a solution of nitric acid (5*5 c.c., d 1*42) in 
glacial acetic acid (5*5 c.c.); the temperature rises to 40—50°. 
After being maintained at 50° for 2 hours and at room temperature 
over-night, the brown solution is poured into water. The product, 
an oil which slowly solidifies, crystallises from methyl alcohol in 
colourless needles, m. p. 67° (yield 90%) (Found : N, 6-6. C 9 H 11 0 6 X 
requires N, 6*6%). On oxidation with alkaline permanganate 
solution and subsequent acidification with dilute hydrochloric acid 
5-nitro-o-veratric acid is obtained, m. p. 176°, identical with the 
acid obtained by the nitration of o-veratric acid. 

3 - Methoxy - 2 - ethoxybenzyl Alcohol. —3-Methoxy-2-ethoxybenz- 

aldehyde (12 g.) dissolved in methyl alcohol (16 c.c.) is treated with 
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a solution of potassium hydroxide (17*6 g.) in methyl alcohol 
(45 c.c.). After 24 hours, the greater portion of the methyl alcohol 
is distilled off, the residue shaken with benzene, the extract washed 
a few times with concentrated sodium bisulphite solution and dried 
over potassium carbonate, and the benzene evaporated. The 
residual oil almost wholly distills at reduced pressure as a colourless 
liquid, b. p. 148°/13 mm. (yield, almost theoretical). 

5-Nitro-3-methoxy-2-ethoxybenzyl Alcohol. —3-Methoxy-2-ethoxy- 
benzyl alcohol (2 g.) dissolved in glacial acetic acid (2 c.c.) is treated 
with a solution of nitric acid (2 c.c.) in glacial acetic acid (2 c.c.), 
and the reddish-brown solution kept over-night. The 5-nitro- 
3-methoxy-2-ethoxybenzyl alcohol which separates in pale yellow, 
prismatic crystals is filtered off; more is obtained on pouring the 
filtrate into water and crystallising the oily product, which hardens, 
from alcohol; m. p. 132° (yield 65%) (Found : N, 6*4. C 10 H 13 O 5 N 
requires N, 6*2%). On oxidation with an alkaline solution of 
potassium permanganate 5-nitro-3-methoxy-2-ethoxybenzoic acid, 
m. p. 169°, is obtained. 

2 : 3 -Diethoxybenzyl Alcohol .—This is obtained from 2 : 3-di- 
ethoxybenzaldehyde and purified substantially by the process 
described under 3-methoxy-2-ethoxybenzyl alcohol. It is a colour¬ 
less oil, b. p. 163°/11 mm., 167°/19 mm., which solidifies on cooling 
and can be crystallised from light petroleum (b. p. 60—80°), separat¬ 
ing in colourless needles, m. p. 35° (Found: 0, 67*6; H, 8*0. 
c ii h 16°3 requires C, 67*4; H, 8-2%). 

5-Nitro~2 : 3-diethoxybmzyl Alcohol. —This is obtained from 
2 : 3-diethoxybenzyl alcohol (1*5 g. in glacial acetic acid, 2 c.c.) 
and nitric acid (1*5 c.c. in glacial acetic acid, 1*5 c.c.) by the method 
described under 5-nitro-2 : 3-dimethoxybenzyl alcohol. It crystal¬ 
lises from alcohol in colourless needles, m. p. 75° (yield 1*7 g. or 
90%) (Found: N, 7*2. C u H 15 0 5 N requires N, 7-1%), and on 
oxidation with 1% alkaline permanganate yields 5-nitro-2 :3-di- 
ethoxybenzoic acid, m. p. 118°, identical with the nitration product 
of 2 : 3-diethoxybenzoie acid. 

5-£romo-2 : 3-dimethoxybenzyl Alcohol. —o-Veratryl alcohol (5 g.), 
dissolved in glacial acetic acid (25 c.c.) containing sodium acetate 
(7*5 g.), is treated with bromine (5 g.) in glacial acetic acid (20 c.c.). 
After 2 days, the mixture is poured into water. The oil that 
separates, and hardens slowly, is removed (3*5 g.), and the filtrate 
treated with solid sodium bicarbonate; a further 3*7 g. of solid are 
then obtained. The combined products, crystallised from light 
petroleum a few times, yield 5-bromo-2 :3-dimethoxybenzyl alcohol 
^colourless needles, m. p. 82° (Found: Br, 31*8. C 9 H n 0 3 Br 
32*1%). The acid produced by its oxidation with 
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1% alkaline potassium permanganate at 60—70°, after crystallisation 
from light petroleum, melts at 120° and does not depress the m. p. of 
5-bromo-o-veratric acid obtained by oxidation of 5-bromo-o- 
veratraldehyde. 

5-Bromo-Z-methoxy-2~efhoxybmzyl AIcohol. —3-Methoxy-2-ethoxy- 
benzyl alcohol (2 g.) is brominated by the foregoing method. The 
oil produced on dilution, after hardening, is isolated by means of 
benzene and crystallised twice from light petroleum (b. p. 60—80°); 
5-bro7no-Z-methoxy-2-ethoxybenzyl alcohol is thus obtained in white 
prisms, m. p. 55—56° (Found: Br, 30*3. C 10 H 13 O 3 Br requires 
Br, 30*6%). 

5-Bromo-2 : 3-diethoxybe?izyl Alcohol. —2 : 3-Diethoxybenzyl alco¬ 
hol (2*5 g.) dissolved in glacial acetic acid (13 c.c.) containing sodium 
acetate (4 g.) is treated at 20—25° w#h bromine (2 g.) in glacial 
acetic acid (7 c.c.). After remaining in sunlight for a few days, the 
mixture is poured into water; the oil obtained partly solidifies 
after several days. The oily portion is removed as completely as 
possible, and the residue crystallised three times from light 
petroleum; 5-bromo- 2 : 3 -diethoxybenzyl alcohol is thus obtained in 
colourless, prismatic crystals, m. p. 60° (Found: Br, 28*6. 
C^H^OgBr requires Br, 29*1%). 

Nitration of 2 : 3 -Dimethoxycinnamic Acid. —The finely powdered 
acid (5 g.) is added in small portions and with stirring to nitric acid 
(25 c.c.; d 1*42). After 3 hours, the mixture is poured over ice. 
The cream-coloured precipitate (6 g.) is dried and dissolved in 
boiling alcohol. By careful fractional separation 3*3 g. of a sub¬ 
stance, m. p. 205—227°, are obtained. The alcoholic filtrate is 
evaporated to small bulk, saturated with hydrogen chloride, and 
heated on a water-bath for 1 hour. Fractional separation of the 
mixture of esters thus produced yields first ethyl 5~nitro~2 : Z-di- 
methoxycinnamate , which crystallises from alcohol in cream, pris¬ 
matic needles, m. p. 111° (Found: N, 5*2. C 13 H 16 0 6 N requires 
N, 5*0%). [5-Nitro-2 :3- dimethoxycinnamic acid is obtained, by 
twice crystallising the product, m. p. 205—227°, in pale yellow 
prisms, m. p. 229° (Found: equiv., 256. C u H n 0 6 N requires 
equiv., 253). Oxidation with potassium permanganate gives 
5-nitro-o-veratric acid.] Ethyl 6-nitro-2 ; 3-dimethoxycinnamate is 
obtained from later fractions and crystallises from aqueous alcohol 
in long, white needles, m. p. 86°. It is hydrolysed by boiling for a 
few minutes with equal volumes of water, glacial acetic acid, and 
sulphuric acid, giving &-nitro-2 :3- dimethoxycinnamic acid , which 
crystallises from aqueous alcohol in brown needles, m. p. 210—215° 
(decomp.). On oxidation with alkaline potassium permanganate 
solution at 90° and acidification, it gives a substance of high m. p. 
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(above 280°) which appears to be identical with the 6-nitro~ 3- 
hydroxy-2-methoxybenzoic acid obtained by boiling 6-nitro-2 : 3-di¬ 
methoxybenzoic acid for 15 hours with 2-5 iV-sodium hydroxide. 

3 - Methoxy - 2 - ethoxycinnamic Acid .—3 - Methoxy - 2 - ethoxybenz - 
aldehyde (6 g.) is added to pyridine (20 c.c.) containing malonic 
acid (7*2 g.), 6 drops of piperidine are added, and the solution is 
heated under reflux on a steam-bath for 1 hour; the evolution of 
carbon dioxide is then completed by boiling the solution for 
5 minutes. The cooled solution is poured into water acidified with 
concentrated hydrochloric acid, and the precipitate of 3-methoxy- 

2- ethoxycirm amic acid (yield almost quantitative) collected. It 
crystallises irom alcohol in colourless needles, m. p. 151° (Found : 
equiv., 220. C 12 H 14 0 4 requires equiv., 222), 

5-N itro - 3 - methoxy - 2 Ethoxycinnamic Acid. —Finely divided 

3- methoxy-2-ethoxycinnamic acid (1 g.) is added gradually to nitric 
acid (10 c.c.; d 1*42), and the mixture kept over-night. On 
dilution with water 5mitro-Z-m&i]ioxy-2-ethoxycinnamic acid is 
obtained in quantitative yield. Crystallised from alcohol, it gives 
cream needles, m. p. 200—201° (Found : equiv., 269. C 12 H 13 0 6 N 
requires equiv., 267). 

2 : 3-JDiethoxycinnamic Acid .—This acid, prepared from 2 : 3-di- 
ethoxybenzaldehyde (5 g.) by the pyridine method described above 
(yield 5*3 g. or 90%), crystallises from alcohol in long, slender, 
colourless needles, m. p. 161° (Found: equiv,, 235. 
requires equiv., 236). 

5-Nitro- 2 : Z-diethoxycinnamic Acid. —Prepared (at 20—25°) from 
2 :3-diethoxycinnamic acid (1 g.) and isolated by the method 
described under 5-nitro-3-methoxy-2-ethoxycinnamic acid, this acid 
is obtained in quantitative yield. It crystallises in long, cream 
prisms, m. p. 199° (Found: equiv., 280*5. C 13 H X6 0 6 N requires 
equiv., 281), 

The following is an account of the preparation of 5-bromo- 
o-veratric acid from 5-nitro-o-veratric acid. 

5-Nitro-2 : 3-dimethoxybenzoic acid (4*5 g.) is heated with con¬ 
centrated hydrochloric acid (15 c.c.) and tin (4*5 g.) on a steam-bath 
for a few hours, the solution diluted with water, the tin removed as 
sulphide, and the colourless filtrate evaporated under reduced 
pressure; white, prismatic crystals of the hydrochloride of 5-amino- 
2:3-dimethoxybenzoic acid are deposited (yield 80%). 

The hydrochloride is soluble in water or alcohol and in warm 
concentrated hydrochloric acid, from which it can be crystallised. 
The solutions turn pink and then red in the air, especially if in 
presence of an excess of acid. 5-Amino-2 : 3-dimethoxybenzoic acid 
is obtained by treating a concentrated solution of the hydrochloride 
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with solid sodium carbonate until it is just acid to Congo-red. The 
colourless needles, m. p. 250° (decomp.), soon become deep-red 
owing to oxidation, and are soluble in acids and in alkalis (Found: 
N, 6*9. C 9 H 12 0 4 N requires N, 7*0%). 

The hydrochloride (4 g.) is dissolved in water (17 c.c.), neutralised 
with solid sodium carbonate, treated with hydrobromic acid (7*5 c.c.; 
d 1*50), and diazotised at 0° with sodium nitrite (1*2 g. in water, 
3 c.c.). The black, semi-crystalline solid obtained by heating the 
diazonium solution with cuprous bromide and concentrated hydro- 
bromic acid is boiled with alcohol and animal charcoal, and the 
hot filtered solution cooled after addition of a little water. Long, 
cream needles are deposited, m. p. 112—113°, which, after further 
treatment with animal charcoal and recrystallisation from aqueous 
alcohol, melt at 120° and do not depress the m. p. of 5-bromo-o- 
veratric acid obtained by oxidation of 5-bromo-o-veratraldehyde. 

The author is indebted to the Research Fund Committee of the 
Chemical Society for a grant which has defrayed some of the 
expenses of this investigation. 

The Dyson Perrins Laboratory, 

Oxford. [ Received , December 1925.] 


XC .—The Decomposition of Substituted Carbamyl 
Chlorides by Hydroxy-compounds . Part IL The 
Influence of the Hydroxy-compound . 

By Tudor Williams Price. 

In Part I (J., 1924,125, 115) an account was given of the reaction 
between phenylmethylcarbamyl chloride and ethyl alcohol at 
different temperatures. An account is now given of the reaction 
between phenylmethylcarbamyl chloride and various hydroxy- 
compounds at 100°. 

Norris and Ashdown (J. Amer. Chem . Soc., 1925, 47, 837) studied 
the reaction between various alcohols and jp-nitrobenzoyl chloride 
in ether at 25°, but no quantitative work, so far as the author is 
aware, has hitherto been published on the influence of the con¬ 
stitution of the hydroxy-compound upon the velocity of reaction 
with a carbamyl chloride. 

Materials .—The phenylmethylcarbamyl chloride was from the 
same batch as was used in the previous work, and had been kept 
over phosphoric oxide in a desiccator. 

The various alcohols used were the purest commercial alcohols 
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and were all treated twice at their respective boiling points with 
fresh calcium turnings (1-0 and 0*5% by weight) and fractionated. 
The other hydroxy-compounds, which also were the purest com¬ 
mercial substances, were purified by fractional distillation, some 
under reduced pressure. Each hydroxy-compound after puri¬ 
fication boiled either constantly at one temperature or over a range 
of less than 0*2°. 

Method of Work .—In each experiment, 0*424 g. of the carbamyl 
chloride (equivalent to 25 c.c. of N /10-solution) and 5 c.c. of the 
hydroxy-compound were sealed in a test-tube and heated at 100° 
for a definite time. A hydroxy-compound that was solid at the 
ordinary temperature was first melted and 5 c.c, were placed in the 
tube, which was then cooled before the carbamyl chloride was 
introduced. These proportions caused the hydroxy-compound to 
be present in large excess, thus making the reaction unimolecular 
with respect to the carbamyl chloride. 

In the case of the alcohols the whole reaction is made up of two 
consecutive reactions ; 

(1) ISMePh-COG + ROH = NMePh*C0 2 R + HC1 

(2) HG + ROH = RC1 + H a O 

but the progress of the first reaction can be studied by determining 
the amount of carbamyl chloride left in the system at any instant. 
This was done, for those alcohols (methyl, ethyl, and n-propyl) 
which give low-boiling chlorides, in the manner described in Part I 
( loo . cit.). For the other hydroxy-compounds, since aspiration of 
air through the system would not remove the chloro-compound 
formed, the following method was used. After being heated at 
100° for the required time, the mixture was titrated with N/ 10- 
potassium hydroxide. Excess of ammonia was then added to 
convert any unchanged carbamyl chloride into ammonium chloride 
and the corresponding substituted carbamide. The solution, after 
standing in the cold for 1 hour to complete the conversion, was 
extracted four times with light petroleum to remove the chloro- 
derivative of the hydroxy-compound, acidified with pure nitric 
acid, and titrated with N /10-silver nitrate without an indicator. 
This titre was a measure of both the ammonium chloride and the 
hydrogen chloride present. The amount of the latter was known 
from the i^/lO-potassium hydroxide titre, and by subtraction the 
ammonium chloride titre, which was equivalent to the carbamyl 
chloride, was obtained. 

In the case of ^-propyl alcohol both methods were employed, and 
gave almost identical results. 

: The quantity of phenylmethylcarbamyl chloride present being 
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known, the velocity coefficient for a unimolecnlar reaction was 
calculated from the expression 




1 


f'9. 


log, 


a — x x 
a x 0 


where ^ is 5 minutes and a — x x is the amount of carbamyl chloride 
present in the system after the tube had been in the water-bath at 
100° for 5 minutes. This expression was used to obviate the 
initial disturbances. 

Results. 


In Table I, where the results for methyl and n-propyl alcohols 
are given in detail, the first column gives the duration of heating 
in minutes ( t) 9 the second the amount of hydrogen chloride present, 
expressed as c.c. of Nj 10-solution ( b ), the third the amount of 
hydrogen chloride plus phenylmethylcarbamyl chloride present, 
expressed as c.c. of IV'/lO-solution (c). The fourth column gives 
the amount of phenylmethylcarbamyl chloride present (d), obtained 
by subtracting the figures in column 2 from those in column 3. 
The fifth column gives the velocity coefficient for the reaction 
between phenylmethylcarbamyl chloride and the hydroxy- 
compound, calculated from the figures in column 4. 

The whole of the results are summarised in Table II. 


Table I. 


Methyl Alcohol. 


t. 

6. 

c« 

d. 

ft. 

5 

12-44 

'23-52 

11-00 

_ 

6 

13-83 

22-57 

8-74 

0-237 

8 

14*96 

20-59 

5-63 

0-216 

10 

15-05 

18-61 

3-56 

0-227 

13 

14-18 

16-18 

2-00 

0-214 

15 

13-06 

14-34 

1-28 

0-216 


n-Propyl Alcohol. 


U 

6. 

c. 

d. 

k. 

5 

1-46 

25-02 

23-56 

_ 

10 

3-96 

24*90 

20-94 

0-0236 

15 

6-49 

24*71 

18-22' 

0-0257 

20 

8-14 

24-48 

16-34 

0-0244 

25 

9-81 

24-11 

14-30 

0-0250 

35 

11-98 

23-15 

11-17 

0-0249 

45 

13-76 

21-96 

8*20 

0-0264 

60 

14-74 

20-47 

5-73 

0-0257 


Mean 0*0251 


Mean 0*222 

Table II. 


Hydroxy-compound. 
CH s *OH 
C 2 H 5 -OH 
n-C a H 7 *OH 
iso -CJHVOH 
n-C 4 H 9 *OH 
iso-C 4 H 8 *OH 
iso-Cs&t ,*OH 


CH s :OH*CH a *OH 

CHPh;CH*CH 2 *OH 

PhOH 

o-C a H 4 Me-OH 

♦n-C*H 4 Me-OH 

p-C 6 H 4 Me-OH 

C 2 H 4 (OH) 2 

C 3 H 4 (OH) s 


Limits of ft. 

Mean ft. 

0*237 —0-214 

0*222 

0-0437—0-0417 

0*0427 

0*0264-0-0236 

0-0251 

0-0113—0-0099 

0*0106 

0*0188-0-0166 

0*0177 

0*0158—0-0154 

0*0156 

0-0125—0-0121 

0*0123 

0-0198—0-0179 

0-0185 

0-0448—0-0399 

0-0420 

0-0078—0-0068 

0*0074 

0*317 —0-290 

0*308 

0*0567—0*0514 

0*0541 

0*149 —0*139 

0*146 

0-176 —0*169 

0*175 


Too fast to measure accurately. 

Did not dissolve the carbamyl chloride. 
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The hydroxy-compound may influence the reaction in two ways : 
by its constitution and by its solvent action. The influence of a 
solvent on the velocity of a reaction in which it does not take part 
has been extensively studied, and no general relation has been 
traced between the chemical or physical properties of the solvent 
and its effect on the velocity coefficient. 

Menschutkin (Z. physikal. Chem 1887, 1, 611; 1890, 6, 41) 
found that the velocity of certain reactions was greatest in those 
solvents having the highest dielectric constant, but in other reactions 
this rule did not hold. Patterson and Montgomerie (J., 1912,101, 
26, 2100) state that a given set of solvents may hasten a particular 
reaction in a certain sequence, whilst it may retard another reaction 
in the same or nearly the same sequence, and that the properties 
which bring this about are probably the same throughout. 

Another view of the influence of the solvent is that the solvent 
and the solute form an unstable additive compound, in which case 
it is probable that the chemical constitution of the solvent, rather 
than its physical properties, would be most effective in influencing 
the velocity of the reaction. The work of Cox (J., 1920,117, 493) 
supports this view. 

In the present work, the hydroxy-compound, which can be 
regarded as a solvent, reacts with the carbamyl chloride, hence its 
chemical constitution does influence the velocity of the reaction 
and the question arises whether, in addition to that, the physical 
properties of the hydroxy-compound play a part. The physical 
properties most likely to have some effect upon the velocity of a 
reaction are the viscosity, the dielectric constant, and the refractive 
index. 

Reformatsky (Z. physikal Chem., 1891, 7, 34) showed that 
viscosity did not appear to have any great influence on the velocity 
coefficient of a reaction. The refractive index of the hydroxy- 
compounds examined varies between nf 1*3290 for methyl alcohol 
and 1*576 for cinnamyl alcohol; for most of them it is about 
14, so that the small differences in refractive index are not sufficient 
to explain the large differences in velocity coefficient. The dielectric 
constant shows a greater variation, the highest being 32 for methyl 
alcohol (20°) and the lowest 9*7 for phenol (48°). These two extremes, 
however, are the values for the hydroxy-compounds having the 
greatest velocity coefficients, so that there does not seem to be a 
connexion between dielectric constant and velocity coefficient. In 
addition, the differences between the physical properties of the 
various liquids will tend to become smaller as the temperature is 
ra^ed and therefore it is probable that at 100° the effect due to the 
solvent action of the hydroxy-compounds will be very 
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small compared with the effect of their differences in chemical 
constitution. 

In consider ing the effect of chemical constitution upon the 
velocity of a reaction several factors have to be taken into account: 
first, the general polar effect, due to substituent atoms or groups 
affecting the molecule as a whole; secondly, the steric effect; and 
thirdly, an alternate polarity effect. In many cases two or all 
three factors may operate simultaneously, and then it is difficult 
to assess the effect of each factor individually. With regard to the 
straight-chain aliphatic primary alcohols, the steric factor is not 
sufficiently strong to influence the velocity, and the results show no 
trace of an alternate effect, for the velocity coefficients are in the 
order methyl alcohol > ethyl alcohol > ^-propyl alcohol > w-butyl 
alcohol. The order is the same as that found by Menschutkin 
(Z. physikal . Chem., 1887, 1, 611) in the reaction between acetic 
anhydride and several alcohols in benzene solution at 100°, and 
different from that found by Norris and Ashdown (loc. cit.), where 
the order was methyl alcohol > ethyl alcohol > w-butyl alcohol 

> ^-propyl alcohol. The reactivity of the alcohol decreases, 
i.e ., the hydroxyl hydrogen atom becomes more firmly bound, as 
the length of the straight chain increases. With the primary de¬ 
compounds it is again seen that an extra -CH 2 ~ group in the straight 
chain decreases the velocity coefficient. A branched-chain alcohol 
has a smaller velocity coefficient than a straight-chain alcohol of 
the same molecular weight; thus w-propyl > isopropyl and n-butyl 

> isebutyl. In the case of isopropyl alcohol the velocity coefficient 
is abnormally small, probably owing to a steric effect superimposed 
upon the general polar effect of the substituent, since this is a 
secondary alcohol whilst the others are primary alcohols. A similar 
effect was found by Ashdown and Norris. 

The introduction of a phenyl group at the end of the straight 
chain decreases considerably the reactivity of the alcohol, as is 
shown by the following figures : methyl alcohol 0*222, benzyl 
alcohol 0*0185, allyl alcohol 0*0420, cinnamyl alcohol 0*00744. 

The effect of unsaturation is to cause a great increase in the 
reactivity of the alcohol; thus ?i-propyl alcohol 0*0251, allyl alcohol 
0*0420. 

Taking methyl alcohol as the standard, and considering the 
replacement of one of its hydrogen atoms in the methyl group* we 
find that the general polar effect of the various substituents in 
decreasing the reactivity of the hydroxyl hydrogen is in the following 
order: CH 3 < CH 2 ICH < C 2 H 5 < C 6 H 5 < C 3 H V < CH(CH 3 ) 2 < 

ch(ch 3 ) 2 -ch 2 < c 6 h 5 -ch:ch. 

The introduction of a second hydroxyl group, as in ethylene 
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glycol, increases the reactivity so greatly that the velocity coefficient 
cannot be obtained with accuracy by the method employed. 

The aromatic compounds show special features. Phenol, as was 
to be expected, is very reactive, more so than methyl alcohol. The 
introduction of a methyl group, as in the cresols, diminishes the 
reactivity of the hydroxyl hydrogen, the extent of the diminution 
depending on the relative positions of the methyl and hydroxyl 
groups in the benzene ring. The velocity coefficients are: 
phenol 0*308, o-cresol 0*0541, m-cresol 0*146, ^p-cresol 0*175. The 
low value for o-cresol is undoubtedly due to a preponderating steric 
effect. 

Work with other carbamyl chlorides is in progress, 

The author wishes to thank the Chemical Society for a grant 
from the Research Fund which has partly defrayed the cost of this 
investigation. 

The Technical College, Bradford. [Received, December 1 6th, 1925.] 


XCI .—Investigations on the Dependence of Rotatory 
Power on Chemical Constitution. Part XXVIII. 
d'-seG.-Butylbenzene. 

By Philip William Benson Harrison, Joseph Kenyon, 
and John Robert Shepherd. 

Op the compounds which have been examined in the study of 
the relationship between chemical constitution and optical activity, 
very few have been hydrocarbons, probably because of the experi¬ 
mental difficulties in preparing this type of compound in an optically 
active condition. 

Mention may be made, however, of <$-methylethyl-n~propyl- 
methane with [oc] 2 D °‘ + 9*5°, which was prepared by Marckwald 
(Per., 1904, 37, 1046) by the action of sodium on a mixture of 
ethyl iodide and d -amyl iodide. Klages and Sautter (Ber n 1904, 
37, 649) prepared d- a-phenyl-y-methylpentane ([a]]f°* + 17*2°) 
by the reduction of e£-a-phenyl-y-methyl-A a -pentene ([a]lf + 43°), 
which was obtained by the interaction of active amyl iodide ([a] if 
+ 5*78°) and benzaldehyde in presence of magnesium. The same 
authors (Her., 1905, 38, 2312), by analogous reactions, prepared 
cZ-y-m-^opropylphenyl-y-methylpentane ([oc]$’ 5 * + 15*91°) and d-y*m- 
is0propylphenyl-y-methyl-A a -pentene ([a]Jf + 41*89°), 

This communication describes the preparation of sec.-butyl- 
benzene in what is believed to be an optically pure condition. 
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The preparation has proved to be so tedious and laborious that 
the question of preparing other optically active hydrocarbons will 
be held in abeyance until a more convenient procedure has been 
devised. 

The method of preparing <i-sec.-butylbenzene is briefly as follows : 
The inactive hydrocarbon was nitrated and the p-nitro-sec.-butyl- 
benzene, which is the principal product of the reaction, was reduced 
to .p-amino-sec.-butylbenzene. The latter was then converted into 
the hydrogen tartrate , which was submitted to systematic prolonged 
fractional crystallisation until a salt of constant rotatory power 
was obtained. The amino-group of the optically active base 
obtained by the decomposition of this salt was then eliminated in 
the usual way, giving optically active sec . -butylbenzene. 

The resolution of sec.-butylbenzene into its optically active 
isomerides had been attempted previously. Klages (Ber., 1906, 
39, 2131) converted the hydrocarbon into its sulphonic acid and 
obtained therefrom a number of crystalline salts by combining it 
with several of the commoner alkaloids. Fractional crystallisation 
of these salts, however, brought about no resolution. 

p-Amino-sec.-butylbenzene was obtained in an optically active 
condition by Glattfeld and Wertheim (J. Amer. Chem . Soc., 1921, 
43, 2682) by the crystallisation of the salt with rf-camphorsulphonic 
acid. The rotatory power of the amine quoted by these authors 
is, however, far too low, being some sixty times smaller than the 
value obtained in the course of the present work. 

Each of the compounds now described exhibits a very high 
optical rotatory dispersive power: <* 4359 /a^i ~ 1-87 for the amine 
and 1-81 for the hydrocarbon, whilst an examination of the rotatory 
powers shows that in no case do they satisfy the simple dispersion 
equation a = A/(A 2 — A 2 0 ). 

As it is possible that the high optical rotatory dispersive power 
may be due to these compounds containing a benzene nucleus 
in the molecule, several attempts were made to reduce sec.-butyl- 
benzene to $ec,-butylc 2 /c?ohexane to ascertain what effect, if any, 
the loss of aromatic character would have on the rotatory dis¬ 
persive power. However, under the conditions employed, namely, 
agitation of the substance with hydrogen in the presence of colloidal 
platinum or palladium, little, if any, reduction was effected. 

Experimental. 

dl-sec . - Butylbenzene was prepared by the method of Klages 
(Ber., 1902, 35, 2641). The methylethylphenylcarbinol obtained 
by the interaction of magnesium ethyl chloride and acetophenone 
was slowly distilled at the ordinary pressure, and the resulting 
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(3-phenyl-A0-butylene (75% yield) reduced rapidly with sodium 
and absolute alcohol. sec.-Butylbenzene was collected at 168—173° 
and obtained in 87% yield. 

; p-Nitro-sec.-butylbenzene .—To <ZZ-sec.-butylbenzene (200 g.) was 
added during 3 hours a mixture of nitric acid (128 c.c.; d 1*42) 
and sulphuric acid (160 c.c.; d 1*84) at such a rate that the tem¬ 
perature of the reaction was maintained at 15—20°; external 
cooling was resorted to, and the mixture kept vigorously stirred. 
The principal product of the reaction was ^-nitro-sec. -butylbenzene 
—shown by the production of p-nitrobenzoic acid in good yield 
on oxidation—accompanied by a relatively small amount of a 
lower-boiling fraction which was presumably o-nitro-sec.-butyl- 
benzene. Only a rough separation was possible at this stage, 
owing to the difficulty of obtaining a fraction of constant boiling 
point. Further purification was, however, easily effected after 
the next operation by the recrystallisation of the oxalates of the 
mixed amines. 

dl-p-Amino-see.-butylbenzene. —The p-nitro-compound was very 
easily reduced to the corresponding amine by tin and concentrated 
hydrochloric acid. After decomposition of the stannic chloride 
compound of the base by caustic soda, the amine was isolated by 
distillation in steam. 

The mixture of neutral oxalates of the amines was crystallised 
several times from hot water and it' was found by determining the 
density of the amine recovered that one crystallisation was sufficient 
to remove almost completely the lower-boiling isomeride of greater 
density. The amine thus obtained distilled constantly at 118°/15 
mm.; its density (d J f 0*949), and the melting point (123°) of its 
acetyl derivative were unaltered after further recrystallisation of 
the neutral oxalate. Reilly and Hickinbottom (J., 1920, 117, 
120) give 125—126° as the melting point of p-sec.-butylacetanilide; 
that prepared by the present authors melts at 123° even after 
several recrystallisations. 

Resolution of dl-p-Amino-8ec,«butylbenzene. —Salts of the <#Z-amino 
with several optically active acids were prepared—that with Z-malic 
acid was excessively soluble and could not be crystallised; those 
with (^-camphoric and cZ-camphorsulphonic acids were crystalline, 
but their separation into enantiomorphous forms by fractional 
crystallisation was too slow to be of use. The compound with 
diydroxymethylenecamphor was also prepared, but fractional 
crystallisation of this failed to effect any resolution. (This is in 
agreement with the observation of Glattfeld and Wertheim, loc. 
dtS) . 

, After many preliminary attempts it was found that the cZ-hydrogen 
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tartrate was the most promising of all the salts tried, - Ami no- 
sec. -butylbenzene (285 g.) was added to a hot solution of d-tartaric 
acid (300 g.) in water (1100 c.c.); the clear solution on standing 
deposited a crop of crystals (which titration showed to be the 
hydrogen tartrate) in very small, prismatic rods. These were system¬ 
atically recrystallised until the rotatory power of the amine obtained 
by decomposing successive crops of the crystals became constant. 
The rate of the resolution is indicated by the following data : 

After four recrystallisations of the hydrogen tartrate, the observed 
rotatory power («&; l = 100 mm.) of the liberated base was 
+ 16°, after eight + 23°, after twelve + 28°, after sixteen + 31°# 
after twenty-two + 37°, after twenty-five + 38-2°, after twenty- 
seven + 38*7°, after thirty + 38*7°. 

This prolonged process of recrystallisation is very wasteful and 
the d-jj-amino-sec.-butylbenzene obtained by decomposition of the 
various crops of salt of constant rotatory power amounted to only 
10 g. The amine had b. p. 114°/12 mm. and df 0-945. 

Various attempts were made to isolate the lsevorotatory form of 
#-amino-$ec.-butylbenzene in an optically pure condition, but with¬ 
out success. By the decomposition of the most soluble fractions 
of the hydrogen tartrate, portions of amine of rotatory powers 
lying between ~ 12° and — 20° were obtained. The d-cam- 
phorsulphonate of the base with a 5461 — 20° was prepared and 
recrystallised several times; the lsevorotation of the amine obtained 
from the less soluble fractions of this salt increased, but at so slow 
a rate as to render the method valueless. Recrystallisation of the 
hydrochloride and of the oxalate of the partially active amine was 
also without effect on the rotatory power. Other solvents besides 
water were tried in all the above 6ases for reerystallisation of the 
various salts, but they bring about separation with even greater 
slowness than does water. 

d-seo.-Butylbenzene was readily prepared by mixing a solution 
of d-aec.-butylbenzenediazonium chloride (from 6 g. of amine) with 
a strongly alkaline solution of sodium stannite and distilling the 
mixture in a current of steam. The hydrocarbon was obtained 
as a colourless liquid which distilled constantly at 172°; the yield 
was 2 g. = 40% of the theoretical (compare Priedlander, Ber. y 
1889, 22, 687). 

Although it was considered unlikely that any racemisation would 
occur during the elimination of the amino-group situated at the 
end of the molecule remote from the asymmetric carbon atom, yet 
the following experiments were carried out to gain some information 
on this important point. Partially active d- and Z-p-amino-sec. - 
butylbenzenes of various degrees of rotatory power were diazotised 
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and treated with sodium stannite under different experimental 
conditions; the ratio of the rotatory power of the original amine 
to that of the hydrocarbon obtained from it in each of the several 
cases was quite constant, thus rendering it highly improbable that 
any racemisation had taken place. 

The authors desire to express their thanks to the Government 
Grant Committee of the Royal Society for a grant with which 
some of the materials used in this investigation were purchased. 
Two of them (J. R. S. and P. W. R. H.) wish also to acknowledge 
their indebtedness to the Department of Scientific and Industrial 
Research for maintenance grants which enabled them to participate 
in the work. 

Battersea Polytechnic, 

London, S.W.ll. [. Received , December 22nd, 1925.] 


XCII .—The Chemistry of Polycyclic Structures in 
Relation to their Homocyclic Unsaturated Isomerides . 
Part VI. Some Reactions of iso Phorone. 

By John William Baker. 

The chemistry of homocyclic compounds is often complicated by 
reactions which find no simple explanation in the structure usually 
assigned to the compound (Farmer and Ingold, J., 1920,117, 1362, 
and subsequent papers), the ambiguity extending in one case even 
to the synthesis of the substance, syntheses which should yield 
respectively the acids (I) and (II) yielding the same acid (Farmer, 
Ingold, and Thorpe, J., 1922,121, 128). 


Such conflicting evidence was reconciled by the assumption of 
intra-annular tautomerism between the bicyclopentene and the 
cycfopentadiene systems, the two enolic forms being merely valency 
isomerides in accordance with the scheme : 


M c< c (C0 2 Hr.OH 
Me *°^CH=z=6-OH 



There is no a priori reason why such redistribution of residual 
affinity within the ring, extending from mere conjugation of affinity 
across the ring to the establishment of a real bridge bond, should 
be restricted to the cycfopentadiene series: its extension to the 

z2 
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heterocyclic rings thiophen and furan, and to benzene has already 
been developed (Ingold, J., 1922,121,1133, and subsequent papers). 

The present paper deals with the extension of such intra-annular 
tautomerism to the cycZohexadiene series in accordance with the 
general scheme: 

(in.) >C<£zg>C< >c<£:9>c< ( IV -> 

On first inspection it may be considered that the structure (IV) 
is improbable in view of the strain involved, but it must be under¬ 
stood that it is not intended to represent a stable individual sub¬ 
stance, but merely a phase in the scheme of valency distribution 
which, under favourable conditions, may pass into a more stable, 
true bridged phase. Such favourable conditions may occur when 
one or both of the potential trimethylene rings are stabilised by 
the presence of a ^em-dimethyl group, and, in this case, products 
containing a cyclopropane ring may result from the degradation 
of the molecule. 

An example of this type of intra-annular tautomerism has, in 
the author’s opinion, been established in the case of isophorone. 
The generally accepted formula (V) for ^ophorone has been estab¬ 
lished both by synthesis and by oxidation. Knoevenagel and 
Fischer (. Annalen , 1897, 297, 185) obtained it by the condensation 
of mesityl oxide and ethyl acetoacetate at 5° and hydrolysis of the 
wphoronecarboxylic ester so produced. The structure was con¬ 
firmed by Crossley and Gilling (J., 1909, 95, 24), who obtained the 
ketone by the condensation of ethyl sodiomalonate with chloro- 
dimethylcycZohexenone and hydrolysis of the ethyl dimethylcycZo- 
hexenoneacetate so obtained. 

The oxidation of isophorone was investigated by Bredt and 
Rubel (. Anmlm , 1898, 299, 160), who obtained a whole series of 
acids intermediate between i^cphorone and its final oxidation pro¬ 
duct, os-dimethylsuceinic acid. Formula (V) is also in good accord 
with most of the reactions of the ketone, e.g., the formation of 
monobenzylidene-monopiperonylidene derivatives. 

Kerp and Muller {Annalen, 1898, 299, 193), however, found that 
this structure alone was not sufficient to represent all the reactions 
of isophorone (obtained, in this case, by the condensation of 
acetone). wPhorone condenses with another molecule of acetone 
to yield a higher condensation product, xylitone, which these 
investigators found also yields a monobenzylidene derivative, and 
hence must contain the group OMe 2 :C*CO-CH 2 *; this necessarily 
v&ohres the existence of the group •CH 2 -CO*CH 2 - in the original 
i^phorone molecule. Hence, in this reaction at least, isophorone 



RELATION TO THEIR HOMOCYCLIC UN SATURATED ISOMERLDES. 665 

must be represented by the structure (VI) rather than (V), and 
these authors concluded that isophorone obtained from acetone is 
a static mixture of the two isomerides (V and VI). 

The interconversion of these two forms merely involves the 
well-known ap-py change across a three-carbon system, and the 
conflicting results would be readily explained if such a tautomeric 
system were assumed to exist in the isophorone molecule. The 
enolic modification (VII) of the structure (VI) conforms to the 
cycZohexadiene type mentioned above, and hence there is the 
possibility of a second kind of tautomeric change, 'viz., intra- 
annular, a redistribution of affinity across the ring resulting, 
initially, in the triq/cfchexane structure (VIII), It is not suggested 
that this form represents more than a transitory phase in the whole 
scheme, for only one of the potential three-membered rings is 
stabilised by the presence of a gem-dimethyl group, and it is to be 
expected that such a structure would immediately ketonise across 
the ring, thus destroying the unstabilised three-membered ring, to 
yield a bridged modification of the isophorone molecule (IX). 
Finally, this could change in the usual manner to yield an enolic 
modification of a bridged form of wphorone. The complete scheme 
is as follows: 


y CH 2 —CO 
Me 2 C( >C 

\CH[H]-CMe 
(V.) 

/Ch:c*oh 

Me 2 C< >CH 2 

\CH:CMe 
(VII.) 
/OH'CO 

Me 2 c<L >oh 2 

XJH-CHMe 

(IX.) 


.CHa-GO 

Me 2 C< >CH[H] ^ 
^CH-CMe 
(VI.) 

/CH-OOH I 

Me 2 C< | [>CH 2 ^ 

X CH-CMe J 

(VIII.) 


Me, 


CH-OOH 
>CH 
CHMe 

(X.) 


,CH-( 

<L 


Thus in the wphorone molecule three types of tautomerism are 
possible, each being superimposed on the other ; (a) three-carbon, 
ap-Py-change, (6) intra-annular, (c) keto-cyclol. 

Evidence is submitted in this paper which, in the author’s opinion, 
can be explained only by assuming such a scheme in connexion with 
the isophorone molecule. 

Kerp and Muller {loo. cit.) found that in ice-cold glacial acetic 
acid solution isophorone forms an unstable dibromo-additive product 
which spontaneously evolves hydrogen bromide. Their analysis 
is 5% low for this compound. When, however, wphorone in 
ice-cold carbon tetrachloride solution is treated with a standard 
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solution of bromine in tbe same solvent, absorption is rapid and a 
white* crystalline dibromo-compound (XI) separates, but no trace 
of hydrogen bromide is evolved until two atoms of bromine have 
been added. This additive compound is stable in the absence of 
moisture, but on exposure to air it immediately loses one molecule 
of hydrogen bromide to form monobromoiaophorone (XII). Although 
the possibility of bromine addition to the enolic double bond and 
subsequent loss of hydrogen bromide to yield a a-bromoketone 
cannot be excluded, it is considered more probable, in view of the 
degree of stability of the intermediate compound, that the addition 
of bromine occurs at the double bond in the three-carbon system, 
thus forming a blocked system, which therefore spontaneously 
liberates hydrogen bromide to reform a mobile system in accordance 
with the scheme: 



/CH 2 -CO 

Me 2 C< >CHBr 

x CH[H]*CMeBr 
(XL) 


-HBr 
--> 


/CH 2 —CO 
Me 2 C< >CBr 

x CH[H]-CMe 
(XII.) 


Evidence of the bridged modification of asophorone was obtained 
by a study of its reduction products. When isophorone is reduced 
by the Clemmensen method, a solid hydrocarbon, C 18 H 28 , can be 
isolated in small yield from the product. This hydrocarbon is 
saturated, and therefore valency considerations necessitate the 
existence of the bridged structure (XIII). This structure is sup¬ 
ported by the oxidation of the hydrocarbon with boiling potassium 
permanganate in sodium hydrogen carbonate suspension, the main 
product being froms-caronic acid. The formation of this hydro¬ 
carbon from the bridged, enolic modification of ^ophorone (X) is 
represented by the following scheme, additive ring formation 
preceding the reduction: 


2 (X) 


Me 2 C<y 


OH-C(OH)-C(OH)-CH 


3H 

\/ \X 

(XIII.) CHMe CHMe 



4H 


•QH-CH-CH 

I I l> 0Me ' 

; CH-CH OH 


<?0 2 h 

0—CMe 
I ]>CMe a 
!H~CF 


H-CH 


(XIV.) 


A similar constitution has been assigned to a-dicamphylic acid (XIV) 
obtained by the action of potash on sulphocamphylic acid (Perkin, 
J., 1903, 83, 835). 

. Reduction of ^ophorone with sodium and moist ether yields a 
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mixture of two isomerides, C 18 H S0 O 25 m. p. 126° and 162°, respec¬ 
tively. The latter is undoubtedly the product obtained by Hess and 
Munderloh ( Ber ., 1916, 51, 383) by the reduction of wphorone with 
2*5% sodium amalgam and methyl alcohol. These investigators, 
apparently merely on the analytical data, assigned the pinacol 
formula (XV) to this product. Such a constitution is, however, 
quite inconsistent with the properties of this reduction product. 
Both substances, m. p. 126° and 162°, are saturated and do not 
decolorise potassium permanganate in sodium hydrogen carbonate 
solution in the cold, both yield disemicarbazone derivatives, but 
neither will form an acetyl derivative on heating with acetic 
anhydride. They are probably derived from the unsaturated ring 
form of ^ophorone (VII) by a reduction similar to that which 
occurs in the formation of deoxymesityl oxide and deoxyphorone, 
respectively, from mesityl oxide and phorone, two stereoisomerides 
(XVI and XVII) being produced. 


(XV.) 


,CH 2 -C(OH)~ 
CMe 2 < >CH 
x CHo*CMe 


(XVI.) 


(XVII.) 


-C(OH)-CH 2 

CH< >CMe„ 
CMe—CR> * 


/CMe 2 -CH 2 v Me 
CH 2 < y CK 2 -CO 

X CO —CES >CH< 


Me 


/ X CH 2 —CMe 2 
Me 


.CMea-C^v / 

CH 2 < >C< ,CH 2 -CMe 2 

X C0—-OH,/ >C< >ch 2 
Me/ X CH 2 —CO 


Thus the ambiguity of structure which had previously been 
noted in the cycfopentadiene series would seem to be present also 
in other unsaturated cyclic systems, and may indeed be of much 
more frequent occurrence than is generally supposed. 


Experimental. 

The wphorone employed was prepared by the condensation of 
mesityl oxide and ethyl acetoacetate (Knoevenagel and Fischer, 
loo. tit.), but at the temperature of the steam-bath for 4 hours, 
under which conditions the main portion of the isophoronecarboxylic 
ester is converted into i^ophorone. The fraction, b. p. 95—100714 
mm., consisted of nearly pure isophorone. In order to determine 
whether it was a single individual or a mixture of isomerides (com¬ 
pare Kerp and Muller, loo. cit .), its semicarbazone was submitted to a 
rigorous fractional crystallisation from alcohol. No trace of a 
second semicarbazone could be detected. The pure semicarbazone, 
crystallised from alcohol, has m. p. 199*5° (decomp.) (Crossley and 
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Gilling, loc . cit>> give 191°), and does not depress the melting point 
of a specimen prepared by the latter method (Found : C, 61*5; 
H, 8*8. Calc., C, 61*6; H, 8*8%). The ketone regenerated from 
the pure semicarbazone by steam distillation with oxalic acid had 
b. p. 99°/14 mm.; the oxime had m. p. 79*5° (Crossley and Gilling, 
loc . cit.y give 78°). 

A monopiperonylidene derivative was obtained and after crystal¬ 
lisation from ethyl acetate had m. p. 145—146° (Found : C, 75*2 ; 
H, 7*0. C^HjLgOg requires C, 75*4; H, 6*7%). 

Bromination of iso Phorone. Formation of the Unstable Dibromide 
(X).—A standard solution of dry bromine in dry carbon tetra¬ 
chloride (1 c.c. = 0*1 g. Br) was added dropwise to a solution of 
1 g. of dry isophorone, in a little carbon tetrachloride cooled in 
ice, moisture being rigorously excluded. Decoloration was instan¬ 
taneous, and when 2 c.c. had been added the crystalline dibromide 
began to separate. When 13 c.c. (T3 g. Br) had been added, the 
solution became coloured with free bromine and a trace of hydrogen 
bromide could be detected. Addition of two atoms of bromine 
requires 1*2 g. of bromine. After traces of bromine and hydrogen 
bromide had been removed under diminished pressure, the product 
was broken into a large excess of water, and the liberated hydro- 
bromic acid titrated with potassium hydroxide (Found: 0*56 g. 
of hydrogen bromide. liberation of 1 mol. of hydrogen bromide 
requires 0*60 g.). In another experiment the solvent was removed 
by evaporation in a vacuum. The dibromide remained as a mass 
of short, thick prisms, m. p. about 40°, which on exposure to air 
immediately changed to a colourless oil with the evolution of 
hydrogen bromide. 

Monobromoimphorone (XII).—The carbon tetrachloride solution 
of the unstable dibromide having been poured into water, the 
precipitated, colourless oil was extracted with pure ether and 
washed with very dilute alkali. The residue from the dried ethereal 
extract was left in an evacuated desiccator over potash for 24 hours, 
and since it could not be distilled without decomposition, was 
.analysed in the crude state (Found: C, 50*4; H, 6*2* C 0 H 18 OBr 
requires C, 49*8; H, 6*0%). 

1 : 3 : 4 : 5( ty-Tetrabromo-d : 3 : 5 - trimethylcyclohexan-l - one is 
obtained by exhaustive bromination of ^ophorone in carbon 
tetrachloride solution. After crystallisation from ethyl acetate- 
ligroin (b. p. 60—80°), it has m. p. 135° (Found : C, 24*0; H, 2*4; 
Br, 70*7. C 9 H ia OBr 4 requires Q, 23*7; H, 2*6 ; Br, 70*2%). The 
same compound is produced when an excess of bromine is added 
to wphorone in ice-cold glacial acetic acid solution, and crystallises- 
on keeping. 
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Attempts to prepare the tribromo-compound always resulted in 
the formation of an uncrystallisable gum. 

Reduction of iso Phorone ,—(1) With sodium and moist ether. 
Formation of 1 : V : 3 : 3 : 3': 3'- trimethylbicyolohexyl-5 : 5'-dione, 
a and p forms (XVI and XVII). isoPhorone was dissolved in 20— 
30 times its volume of ether saturated with water, and sodium wire 
added in small successive portions. It seems to be essential to 
allow the first reaction to proceed as vigorously as possible. A 
flocculent solid separated, the liquid turning first yellow and finally 
deep red. The product was poured into water, acidified with 
hydrochloric acid, extracted with ether, and any acid fraction 
removed with sodium hydrogen carbonate solution. The neutral 
residue was a brown syrup which partly crystallised. The solid 
crystallised from ethyl acetate-ligroin had m. p. 162° (Found: 
C, 77-6; H, 10-8; M , eryoscopic in benzene, 268. C^H^Oa 
requires C, 77*6; H, 10*8% ; M, 280). It does not decolorise 
potassium permanganate in sodium hydrogen carbonate solution. 

A disemicarbazone was obtained which after crystallisation from 
glacial acetic acid had m. p. 259—260° (decomp.) (Found : C, 61*0; 
H, 9*4. C 20 H 36 O 2 1 s[ 6 requires C, 61*2; H, 9*3%). 

The portion of the reduction product which had failed to solidify 
was fractionally distilled under reduced pressure. Low fractions 
consisting mainly of unchanged zsophorone were first obtained, and 
then a large, exceedingly viscous fraction distilled at 220—240°/20 
mm., which immediately solidified when rubbed with low-boiling 
ligroin. The solid was crystallised from ethyl acetate-ligroin. It 
consists of the second isomeride, m. p. 126° (Found: C, 77-4; H, 
10-7%). It does not decolorise potassium permanganate in sodium 
hydrogen carbonate solution in the cold, and only slowly on boiling. 
Careful fractional crystallisation of this substance failed to indicate 
the presence of any other product. A further quantity of this 
isomeride was obtained by a second fractional distillation of the 
gum obtained from the ligroin mother-liquors. 

A disemicarbazone was obtained as before, but was precipitated 
from the alcoholic reaction mixture only on addition of water. 
After crystallising several times from about 90% methyl alcohol, 
it had m. p. 220° (decomp.) (Found : C, 61*2; H, 9*4%). 

The same products were obtained when isophorone was reduced 
with zinc and acetic acid, or with sodium amalgam and a boiling 
alkaline solution. 

(2) By the Clemmensen method. Formation of the hydrocarbon 
(XIII). The ketone (10 g.) was refluxed with about 50 g. of amal¬ 
gamated zinc and an excess of concentrated hydrochloric acid for 
3 hours, small quantities of hydrochloric acid being occasionally 

z* 
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added. The reaction mixture was steam distilled. The first 
portion of the distillate consisted of a very small quantity of a 
volatile oil, with a camphoraceous odour, which was not obtained 
in quantity sufficient for identification. The hydrocarbon then 
distilled and solidified in the receiver, cooled in ice. The yield, 
was small, a large amount of resinous material, non-volatile in 
steam, being produced. The hydrocarbon was extracted with 
ether, and the residue from the dried extract rapidly solidified. 
It crystallised from dilute alcohol in fine needles, m. p. 112° (Found : 
C, 88*5; H, 11*5; M, cryoscopic in benzene, 231. C 18 H 28 requires 
C, 88*5; H, 11-5%; M, 244). It is stable to potassium perman¬ 
ganate in sodium hydrogen carbonate solution in the cold, but 
decolorises bromine in carbon tetrachloride solution, probably 
owing to the destruction of two of the bridge bonds. 

Oxidation of the Hydrocarbon XIII.—The hydrocarbon (042 g.), 
suspended in a solution of potassium permanganate and sodium 
hydrogen carbonate, was heated under reflux, successive quantities 
of permanganate being added until the reaction mixture remained 
pink (48 hours). The product was steam-distilled to remove traces 
of the hydrocarbon, and the alkaline liquor was worked up in the 
usual manner, acidified at 0° with dilute sulphuric acid, and the 
product extracted with pure ether. The residue from the dried, 
ethereal extract immediately solidified. Crystallised from pure 
ether, it had m. p. 212—213°, either alone or mixed with a genuine 
specimen of £rcms~caronic acid (Found, by micro-combustion; C, 
52*6; H, 6*7. Calc., C, 53*1; H, 64%). The oxidation was 
repeated, with the same result, on a fresh quantity of the hydro¬ 
carbon obtained by the reduction of a different specimen of 
wphorone. 

The author desires to express his thanks to the Research Fund 
Committee of the Chemical Society for a grant with which the 
expenses of this research were met, and to Professor C. K. Ingold, 
F.R.S., for his continued interest and valuable suggestions during 
the progress of the investigation. 

Thei University, Leeds. [Received, December 22 nd, 1925.] 
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XCIII .—The Molecular Configurations of Polynuclear 
Aromatic Compounds. Part VI. fi-Dinitro- 
diphenic Acid; its Constitution and Resolution 
into Optically Active Components. 

By George Hallatt Christie, Albert Holderness, and James 

Kenner. 


P-Dinitrodiphenio acid, originally obtained by Schultz {Annalen, 
1880, 203, 108), is prepared by oxidation of the dinitroquinone 
produced, with its 2 :7-isomeride, when phenanthraquinone is 
dinitrated. This acid has been regarded as a 6 : 6'-dinitrodiphenic 
acid (I) since it was examined by Schmidt and Kampf*(Ber., 1903, 
36, 3745), who claimed to have converted it by distillation with 
dry sand into 2 :2'-dinitrodiphenyl (33). M Wir erhielten dabei 
sehr wenig eines schwer loslichen Korpers vom Schelzpunkt ca. 240° 
(wahrscheinlich Binitrofluorenon) und als Hauptproduct ca. 1 g. 
einer leichter loslichen Verbindung vom SchmelzpunJrt 124—*6° 
Bieselbe wurde genau verglichen mit o-o'-Binitrodiphenyl, das wir 
uns nach den Angaben von Ullmann (Ber., 1901, 34, 3803) bereitet 
hatten. Beide Praparate zeigten in alien Eigenschaften v5llige 
Uebereinstimmung.” 



no 2 no 2 

(XX.) 


_co 2 h ^co 2 h 




The conversion of the corresponding diaminodiphenic acid into 
carbazole (III) recorded at the same time supplied confirmatory, 
though obviously less conclusive, evidence in support of the very 
precise statement quoted, so that Kenner and Stubbings (J., 1921, 
119 , 593) felt justified in regarding their synthetic 6; G'-dinitro- 
diphenic acid as a stereoisomeride of Schultz’s acid when it was 
found that the two differed in properties. 

The observations recorded by Christie and Kenner (this vol., 
p. 470) rendered it necessary, however, to re-examine Schultz’s 
acid. The outcome of our experiments, carried out under some¬ 
what different conditions from those used by Schmidt and Kampf, 
was that in place of 2 : 2'-dinitrodiphenyl, m. p. 124°, 2 : 4'-dinitro- 
diphenyl (IV), m. p. 93°, was obtained, so that Schultz’s acid would 
be 4: 6'-dinitrodiphenic acid (V): 
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(V.) (IV.) (VXO 


This result in itself is no more definite than that claimed by 
Schmidt and Kampf, and perhaps somewhat less so if .regard be 
paid to the considerably lower melting point of our product. 
Further, we were unable to detect any other product than 2 : 7-di- 
nitrophenanthraquinone when 2-nitrophenanthraquinone was 
nitrated under the conditions for converting phenanthraquinone 
into 2:7- and what the above result would indicate to be 
2 : 5-dinitrophenanthraquinones. The following considerations will, 
however, probably be held to be decisively in favour of our view 
rather than that of Schmidt and Kampf : 

(1) The same 2:4: 7-trinitrophenanthraquinone is formed from 
the dinitroquinone in question and 2 : 7-dinitrophenanthraquinone, 
and attempts to prepare 2:4:5: 7-tetranitrophenanthraquinone 
by further nitration have been unsuccessful (Christie and Kenner, 
loc. czi.). 

(2) It would be expected that if 4 : 5- and 2 : 7-dinitroquinones 
are produced from phenanthraquinone by nitration, some of the 
2 : 5-isotneride also would be formed. But only two products have 
been observed. 


(3) Dinitration of diphenyl furnishes the 2 :4'- and 4 : 4'-deriv- 
atives as chief, if not sole products (Tittig, Annalen, 1862, 124,. 



(4) The amino-group in 6-aminodiphenic acid is not diazotisable, 
but one of those in the diamino-acid, for which the 4: 6'-constitution 
is now advocated, is diazotisable (Schmidt and Schall, Ber., 1905, 
38, 3769). In previous papers, it was shown that such 6-amino- 
acids readily form phenanthridone derivatives. The accounts in 
the literature of the acids referred to make it not impossible that 
they may in reality be phenanthridone derivatives, as has been 
shown to be the case with other compounds similarly derived 
(compare Christie and Kenner, Zoo. cit.). 

Kenner and Stubbings (loc. cit.) converted their synthetic 6 : 6'-di~ 
nitrodiphenic acid into a “ hydrazide,” and suggested that this 
derivative might furnish a means of converting the new acid into 
its supposed stereoisomeride : 
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no 2 no 2 



no 2 no 2 


V 


CO CO 
NH—NH 




C0 2 H no 2 


This idea gained further credence when a “ hydrazide ” was 
prepared from the (3-acid, and behaved similarly when heated. 
HoVever, the “ hydrazides ” from the two sources differed in their 
behaviour towards acetic anhydride and were readily converted by 
oxidative hydrolysis with fuming nitric acid according to a procedure 
very briefly indicated by Curtius and Foersterling (J. pr. Chem., 
1895, 51, 371), into acids melting, respectively, at 300° and 249— 
253°, as compared with 300° and 258—259° recorded for the original 
acids. Clearly, then, no interconversion of the acids is to be 
achieved through the hydrolysis of the “ hydrazides 55 as inter¬ 
mediates. 

(3-Dinitrodiphenic acid, if it is the 4: 6'-derivative, is closely 
related in constitution to 4:6: 4 / -trinitrodiphenic acid (VI), of 
which the resolution into optically active components through the 
agency of brucine has been described (Christie and Kenner, J,, 
1923,123, 779). 

Similar experiments with the [3-acid showed that it furnished a 
uniform brucine salt, but on the other hand two distinct quinine 
salts were obtained which were easily separable owing to their 
different solubilities in alcohol. From these salts, solutions of 
optically active acids and their sodium salts were prepared in the 
usual manner. A second illustration is therefore provided of 
an acid capable of existence in an asymmetric form when only 
three of the four 2, 6, 2', and expositions are occupied by 
substituents. 

Since the stereoisomerism of (3- and 6:6'*dinitrodiphenic acids, 
which originally inspired the experiments on their resolution, would 
now seem to be non-existent, it is perhaps desirable to record 
the fact that the resolution of the (3-acid has been repeated with 
freshly prepared materials by Mr. V. M. Trikojus, B.Sc., in the 
laboratories of the University of Sydney. 

Experimental. 

p-Dinitrodiphenic acid, prepared by Schmidt and Kampf’s method 
{loo. tit.), was further characterised by the preparation of its chloride, 
colourless, rectangular plates, m. p. 120°, from benzene-light 
petroleum (Found : N, 7*9. C 14 H 6 0 6 N 2 Cl2 requires N, 7-6%); its 
ethyl ester, colourless, pentagonal prisms, m. p. 114—115° (Found : 
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N, 7 * 3 . C 18 H 16 0 8 N 2 requires N, 7*2%); and its amide. , colourless, 
hexagonal prisms, m. p. 247*5°, from dilute alcohol (Found : N, 17*2, 
C 14 H 10 O 6 N 4 requires N, 16*9%). 

Degradation of $-Dinitrodiphenic Acid to Dinitrodiphenyl. —A 
mixture of (3-dinitrodiphenic acid with fine dry sand was distilled 
under the conditions described by Schmidt and Kampf {loc. cit.); 
the yellow solid distillate, in agreement with their observation, 
melted at 240—245° after being extracted with alcohol, but the 
extract, which would have contained any dinitrodiphenyl which 
had been distilled, left practically no residue on distillation. The 
following modified procedure was therefore employed. A finely 
ground mixture of the acid (1 g.) with Naturkupfer C (0*1 g.) (com¬ 
pare Sabatier and Mailhe, Gompt . rend., 1914, 159, 217) was dis¬ 
tributed by stirring over sufficient glass wool to fill an Anschutz 
flask of 75 c.c. capacity. This flask was connected through a larger 
one to a filter-pump. When the mixture was very gradually heated 
in an oil-bath under a pressure of 30 mm., a reaction of explosive 
violence occurred at 285°. After the dense white vapours had sub¬ 
sided, both the distillate and the blackened residue were extracted 
with boiling alcohol. The extract was evaporated, diluted with 
water, and treated with cold dilute ammonia; a small solid residue 
was obtained. By solution in benzene of the product (0*45 g.) 
from eight such experiments, dark, insoluble matter was removed, 
and fairly homogeneous, transparent crystals closely resembling 
those of 2 :4'-dinitrodiphenyl were obtained. After further puri¬ 
fication by solution in light petroleum-benzene to remove a small 
quantity of less soluble, granular material, the product melted at 
93°. A mixture with authentic 2:4' - dinitrodiphenyl melted at the 
same temperature, even after fusion and resolidification. A mixture 
with 2:2'-dinitrodiphenyl, m, p. 124°, shrank at 68—70°, was 
largely molten at 90°, but not completely so until 118°. After 
resolidification, the opaque mass commenced to clear at 90°, was 
almost all molten at 100—103°, and entirely liquid at 105°. The 
product was therefore 2 :4'-dinitrodiphenyl. 

For the preparation of the compound from diphenyl, light 
petroleum (b. p. 70—80°) was much more effective in the late 
stage of purification than the methyl alcohol recommended by 
Fittig (Annalen, 1862,124, 276). 

Nitration of 2-Nitrophemnthraquinone.— After 2-nitrophenanthra* i 
quinone (10 g.) had been boiled under reflux with nitric acid (135 

O . O.; d 1*5) and sulphuric acid (17 c.c.) for 30 minutes, the mixture 
was poured into water. From the solution of the precipitate in 
facial acetic acid (1200 c.c.), 2 : 77 dinitrophenanthraquinqne 

m, p. 301°, was deposited, whilst 0*4 g., m. p. 280—290°, 
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and 0*1 g., m, p. 225—293°, were recovered on concentrating the 
liquors to 200 c.c. and 50 c.c., respectively. 

Hydrolysis of the 44 Hydrazides 55 of p- and 6 : 6' -Dinitrodiphenic 
Acids .—The 44 hydrazide ” of p-dinitrodiphenic acid was prepared 
from the chloride in the manner already described for the corre¬ 
sponding derivative of 6: 6'-dinitrodiphenic acid (Kenner and 
Stubbings, foe. cit.). It separates from acetone-light petroleum in 
small, colourless prisms, m. p. 294—295° (decomp.) (Found: N, 
16*7. C 14 H 8 0 6 N 4 requires N, 17*0%), and does not reduce Fehling’s 
solution. Repeated but unsuccessful attempts were made to 
prepare a well-defined acetyl derivative of the 4 4 hydrazide ” corre¬ 
sponding to that previously described as having been obtained from 
the 44 hydrazide ” of 6 : 6'-dinitrodiphenic acid. The compound 
(0*25 g.) was heated with nitric acid (4 c.c.; d 1*5) for 75 minutes 
at 100°; the solution then deposited dinitrodiphenic acid, m. p. 
300—301°, on dilution with water (15 c.c.). 

The 44 hydrazide ” of 6 : 6'-dinitrodiphenic acid was obtained in 
colourless prisms, m. p. 310° (decomp.), by crystallisation from 
acetone-light petroleum. The acid formed by hydrolysis with 
fuming nitric acid at 100° for 40 minutes was isolated by evapor¬ 
ation of the liquors at the ordinary temperature in an exhausted 
desiccator over sodium hydroxide. Its melting point, 249—253°, 
was not depressed when the acid was mixed with 6:6'dinitro¬ 
diphenic acid. 

Resolution of (3- Dinitrodiphenic Acid into Optically Active Com¬ 
ponents.—A solution of the acid (2 g.) and hydrated brucine (5*61 g.) 
in boiling water (1050 c.c.) deposited, on cooling, fern-shaped sprays 
of irregular plates (3*9 g.), m. p. 209° (decomp.). By successive 
concentration to 575 c.c., 200 c.c., and 50 c.c., further crops of 
2*2 g., m. p. 206° (decomp.), 0*3 g., m. p. 209° (decomp.), and 0*4 g., 
m. p. 207° (decomp.), were respectively obtained. The salt was 
hydrated [Found: H 2 0, 4*2. 0 60 H 60 O 16 N 6) 2P 2 O requires 

H 2 0, 3*9%. Found, for the salt dried at 130° : N, 7*8. 
C 12 H 6 (NO 2 ) 2 (0O a H) 2> 2C^H 26 0 4 N 2 requires N, 7-5%]. For 1-5% 
solutions in lOiV-acetic acid of the anhydrous salt from each of 
the first two fractions, [«]» = - 13-29 0 and - 13-31°, respectively. 
It was therefore not surprising that a solution of the sodium salt 
of the acid prepared from the brucine salt was inactive. 

But when boiling solutions of the acid (4 g.) in alcohol (100 c.c.) 
and of quinine hydrate (9*2 g.) in alcohol (80 c.c.) were mixed, 
colourless, rectangular plates (5*7 g.), m. p. 178—179° (decomp.), 
separated on cooling; no further crystallisation occurred on con¬ 
centration. On evaporating the alcohol, an oil remained, which 
was obtained in a solid condition by precipitation with light 
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petroleum from its solution in benzene. The melting point of the 
plates was unchanged after recrystallisation (Found : C 2 H 6 0, 245. 
C 54 H 56 °i 2 N 6 »i C 2 H 6 0 requires C 2 H 6 0, 24. Found, for the salt 
dried at 130°: N, 8-6. C 54 H 56 0 12 N 6 requires N, 8-6%). For a 
143% solution of the dried salt in chloroform, [a]5f = — 2184°. 

The more soluble salt melted at first at about 93°, but at 162— 
163° after being heated to constant weight at 120° (Found: N, 
8*55. requires N, 8*6%). For a 1*44% solution of 

the dried salt in chloroform, [a]^° = — 62*10°. 

d- fi-Dinitrodiphenic acid , obtained from the less soluble quinine 
salt by treatment with hydrochloric acid, melted at 296°, whilst a 
mixture of the acid with the racemic acid melted over the range 
285—293°. 

For a 0*96% solution of the acid in ether, [ot]jf = -f 26*90°, 
whilst for a 0*66% solution of the sodium salt in water, [a]g* = 
- 1864°. 

1 -$-Dinitrodiphenic acid , obtained from the more soluble quinine 
salt, also melted at 296°. For a 0*92% solution of the acid in 
ether, [cc]Jf = — 26*46°, and for a 1*29% solution of the sodium 
salt in water, [a]jf = + 179-4°. 

Two of the authors (G. H. C. and A. H.) take this opportiftiity 
of expressing their gratitude to the Department of Scientific and 
Industrial Research for grants which enabled them to take part 
in this work. The authors are indebted to the Research Fund 
Committee of the Chemical Society for a grant towards the purchase 
of materials. 

The UNrTEHSiTY, Sheffield. [Received, December 28 th, 1925.] 


XCIV .—Styrylpyrylium Salts. Part VI. Styryl 
Derivatives of 9-Methylxanthylium Chloride and 
3: 6-Dihydroxy- 9 -methylxanihyHum Chloride. 

By Harold Atkinson and Isidor Morris Hbilbron. 

Las only styrylxanthylium salt recorded in the literature is 
9-styrylxanthylium chloride (I), which Ziegler and Ochs (Ber., 
1922, 55, 2257) obtained by the action of (3-bromostyrene and 
OCH.'CHPh 

|; (X .) C 6 H^)>C 6 H 4 

S}' 2, 

Cl 
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magnesium upon xanthone. A more detailed study of styryl- 
xanthylium salts has now been made in order to compare them 
with the members of the styrylbenzopyrylium series. As the 
method employed by Ziegler and Ochs could not readily be adopted 
for the preparation of salts containing substituents in either the 
styryl or the xanthylium residue, other methods of preparation had 
to be sought. The ease with which the anhydro-base, 6-hydroxy- 
9-methylfluorone (II), reacts with nitrous acid to form the iso- 
nitroso-derivative (Kehrmann, Annalen, 1910, 372, 287) rendered 
it probable that a methyl group in position 9 in a xanthylium 
nucleus would show the same reactivity as an a- or y-methyl group 
does in the benzopyrylium series. In order to test this point, an 
attempt was made to prepare 9-methylxanthylium chloride which 
had previously been prepared by Decker (Ber. y 1905, 38, 2493) 
in the form of its double ferrichloride salt by the action of magnesium 
methyl iodide upon xanthone. The free chloride can actually be 
isolated, but it is difficult to obtain in good yield. On the other 
hand, an ethereal solution of the easily accessible 9-methylxanthenol 

(III) may be utilised in place of the chloride itself. Thus, on 
saturation of the solution mixed with benzaldehyde with dry 
hydrogen chloride, 9-styrylxanthylium chloride, identical in all 
respects with the compound prepared by Ziegler and Ochs ( loc . 
cit.), was readily obtained. Similar condensations have been 

Me OH 

><X 

(in.) C 6 H 4 / \C 6 H 4 

u 

effected with jp-hydroxybenzaldehyde, jp-methoxybenzaldehyde, 
piperonal, and vanillin, and in all cases excellent yields obtained. 

The styrylxanthylium salts containing substituents in the styryl 
residue are highly coloured, crystalline compounds, readily soluble 
in formic acid, giving deep red to purple solutions. In their 
reaction towards water and alkali, they behave similarly to the 
unsubstituted 2-styrylbenzopyryliums (Buck and Heilbron, J., 1922, 
121, 1198), Thus, when 4'-hydroxy-9-styrylxanthylium chloride 

(IV) was dissolved in dilute formic acid, a reddish-violet solution 
resulted which on dilution with a large excess of water slowly 
changed to blue. This colour effect we attribute, as in former 
cases, to formation of the quinonoid anhydro-base (V), for with 
4'-methoxy-9-styrylxanthylium chloride, where such isomerisation 
is precluded, the solution rapidly becomes opalescent and decolor¬ 
ised, followed by deposition of the colourless carbinol base (VI). 


c-ch:ch<^~)>oh 

c 6 h 4 ^ )c 6 h 4 
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(IV.) 
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3': 4'-Methylenedioxy-9-styrylxanthyHum chloride, which dissolves 
in formic acid with a blue colour, reacts similarly. The same effect 


(V.) 


C r H, 


/ 

%> 
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0«h 4 


0 HO CH:CH<^ N ' s OMo 

>C< 

c 6 h 4 / o \c 6 h 4 


(VI.) 


is noted on treatment of the formic acid solutions with dilute 
sodium hydroxide. On the other hand, with the ^-hydroxy- 
derivatives the quinonoid anhydro-bases are first precipitated and 
then slowly isomerise to the colourless carbinol bases (compare 
Dilthey and Taucher, Ber 1920, 53, 252). In all cases, $ie effect 
of heat on the colourless carbinol solutions produces a reversion 
in colour, a fact indicating that at higher temperatures the oxonium 
bases are more stable than the isomeric carbinol compounds. This 
phenomenon has also been observed by Bunzly and Decker {Ber., 
1904, 37, 2931) in the case of 9-phenylxanthenol. 

The behaviour of these styrylxanthylium chlorides towards 
alcohol is peculiar. Ziegler and Ochs {loo. cit.) noted that on 
trituration of 9-styrylxanthylium chloride with alcohol, 9-styryl- 
xanthyl ethyl ether (VII) was formed, while, on the other hand, 
boiling with this solvent produced 9-styrylxanthen (VIII). A 


(VH.) 


EtO CHICHPh 

> G \ 


CH-CHICHPh 

c 6 h/ \c 6 h 4 (vm.) 
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preliminary study of the styrylxanthylium chlorides containing 
substituents in the styryl residue has shown that when these are 
kept in contact with small quantities of alcohol, they are gradually 
converted into colourless substances, all of which crystallise from 
acetone in well-defined crystals with sharp melting point. The 
compounds thus prepared have been analysed, but in each case the 
carbon content is too high for formulation either as an ethyl ether, 
xanthen or allene derivative. The formation of the last type of 
compound from other styryl derivatives was noted by Meyer and 
Schuster {Ber., 1922, 55, 815), and Ziegler and Ochs, by boiling 
9-styrylxanthenol with glacial acetic acid, obtained a compound 
the. composition of which would agree with that of an allene deriv¬ 
ative. A full investigation of these interesting compounds is at 
present being undertaken. 

Walker and Heilbron (J., 1925,127, 685) have shown that in the 
y-styrylbenzopyryliums the presence of a free hydroxyl group in 
the meta-position to pyrylium oxygen inhibits the change to 
: quinonoid anhydro-base on water dilution. In order to ascertain 
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whether a similar effect holds in this series, styrylxanthylium salts 
prepared from 3 : 6-dihydroxy-9-methylxanthylium chloride have 
been examined. The latter compound, which has been described 
by Kehrmann (loc. cit.), can be isolated directly in good yield by 
continuously passing dry hydrogen chloride into a molten mixture 
of resacetophenone and resorcinol until the mass solidifies. 

3 : §-Dihydroxy-9-styrylxanthylium Salts.— The general method 
employed was to saturate with dry hydrogen chloride a suspension 
of 3:6-dihydroxy-9-methylxanthylium chloride in alcohol con¬ 
taining a slight excess of the required aldehyde. Condensation 
usually started in the cold and was completed by boiling under 
reflux; the suspended chloride then gradually disappeared and 
the condensation product separated either from the boiling solution 
or on cooling. These salts differ from those having the unsub¬ 
stituted xanthylium nucleus in being soluble in alcohol without 
change, whilst the colour of the solutions both in this solvent and 
in formic acid is considerably lighter. A notable point is that 
whereas 3 :6-dihydroxy-9-methylxanthylium chloride is character¬ 
ised by its strong fluorescence in alkaline solution, substitution of 
the styryl radical for the methyl group caused the complete dis¬ 
appearance of this property. The colour changes observed on 
dilution with water or treatment with alkali differ essentially from 
those of the unsubstituted styrylxanthylium members. A neutral 
alcoholic solution of 3 : 4': 6-trihydroxy-9-styrylxanthylium chloride 
remains unaltered on dilution, and in presence of alkali the orange- 
red colour only changes to bright red, due doubtless to salt 
formation. 3:6-Dihydroxy-4'-methoxy-9-styrylxanthylium chloride 
reacts similarly, for neither on dilution nor in presence of alkali 
does isomerisation to the carbinol base occur. The non-formation 
of this can only be attributed to the presence of the hydroxyl 
groups, which stabilise the molecule, presumably by formation of 
the betaine (IX). The same phenomenon must consequently hold 
for the 4'-hydroxy-analogue, but apart from this no structural 
change from benzenoid to quinonoid can be assumed. 



Experimental, 

Q~Methylxanthylium chloride was prepared by a modification of 
Decker's method (loc. cit .). Xanthen {30 g.) was dissolved in 
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boiling benzene (250 e.e.), and the Grignard reagent (12 g. of 
magnesium and 66 g. of methyl iodide) gradually added. The 
solution immediately became orange and a yellow solid separated. 
This was rapidly reabsorbed, however, and later a colourless, 
crystalline compound separated from the greyish-green liquid. 
The whole was boiled under reflux for 1 hour, after which the 
ether and about half the benzene were removed. The solid was 
filtered off from the cold solution, washed with dry ether, and 
decomposed with cold water. The yellow solution so formed was 
repeatedly extracted with ether until the aqueous layer gave only 
a pale yellow colour on the addition of concentrated hydrochloric 
acid. After drying over sodium sulphate, this ethereal solution 
was employed directly for the preparation of the styryl salts. In 
order to obtain 9-methylxanthylium chloride, the solution was 
saturated with dry hydrogen chloride; the colour then changed 
from pale yellow to green and on standing in the ice-chest, dark 
red crystals separated. After recrystallisation from a mixture of 
anhydrous formic acid and ether containing hydrogen chloride, the 
salt was obtained in golden needles, m. p. 175°, and identified 
by means of the double ferrichloride, m. p, 204°, and mercuri- 
chloride (compare Decker, loc. cit). The melting point of the 
ferrichloride is given in the literature as 240°, but this is possibly 
a typographical error. 

S-Styrylxanthylium Chlorides. —The general method of prepar¬ 
ation of these salts consisted in the addition of the aldehyde in 
slight excess to the dry ethereal solution of 9-methylxanthenol, 
the mixture being then saturated with dry hydrogen chloride, 
when condensation readily took place. The actual amount of 
xanthenol in solution was not ascertained, but the Grignard reaction, 
by means of which it was prepared, was assumed to have given a 
quantitative yield. 

9-Styrylxanihylium chloride rapidly separated from the con¬ 
densation mixture of 9-methylxanthenol and benzaldehyde either 
as golden, glistening plates or as red needles with a bright green 
sheen. The plates melted at 95°, the same melting point as that 
/ given by Ziegler and Ochs (loc. cit), but the red needles melted over 
|;a range of temperature (66—92°) and probably contained some 
? easily lost addenda. This salt was proved to be identical with that 
ii prepared by Ziegler and Ochs by means of the deep red double 
&alt with zinc chloride (m. p. 188°) and its ethyl ether (m. p. 168— 

mr), , 

ips 4'-Bydroxy-9-styrylxanthylium chloride. On passing dry hydrogen 
l|bhlonde into the well-dried ethereal solution of 9-methylxanthenol 
• and excess of p-hydroxybenzaldehyde, the solution gradually passed 
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through orange to dark red and 'a violet oil with bronze reflex 
separated. The mixture having been left in the ice-chest for 
several hours, the ether was poured off; the oil gradually solidified 
to a green, amorphous mass. This was taken up in a small amount 
of warm anhydrous formic acid previously saturated with hydrogen 
chloride, and dry ether was added to the cold filtered solution in 
small quantities at a time; the styryl salt then separated in long, 
bright-green, lustrous needles containing 1 mol HC0 2 H. These 
were i mm ediately transferred to a large test-tube, which was then 
evacuated, whereby adherent hydrogen chloride was removed 
and the crystals were rendered stable. If this was not done, the 
compound tended to become resinous, a tendency exhibited by all 
members of this series. The salt was readily soluble in cold formic 
acid and in hot glacial acetic acid, giving dark violet solutions. 
It was sparingly soluble in cold chloroform to a blue solution 
which changed to reddish-brown on warming but reverted to blue 
on cooling. The same colour change on heating was shown by a 
solution in nitrobenzene. When a large volume of water was 
added to a very dilute formic acid solution (wine-red colour), no 
immediate change of colour occurred, but on standing (6 hours) 
the solution became pure blue. The addition of water to a more 
concentrated formic acid solution caused the immediate separation 
of a violet, amorphous precipitate, presumably the anhydro-base (V) 
(Found: C, 694; H, 4-5; Cl, 94. C 22 H 17 0 4 C1,HC0 2 H requires 
C, 694; H, 4-5; Cl, 9*3%). In contact with absolute alcohol, the 
salt was partly converted into a colourless, crystalline substance, 
but this change was not absolutely complete despite repeated 
trituration, even after 16 days. The substance crystallises from 
acetone in long, colourless needles, m. p. 228° (Found; C, 85*0; 
H, 6*8%). 

4.'-Methoxy-§~styrylxanthylium chloride separated from the con¬ 
densation liquor in dark green crystals. Considerable difficulty was 
experienced in obtaining it in a stable crystalline state sufficiently 
pure for analysis, but this was ultimately accomplished by crystal¬ 
lisation from chloroform containing hydrogen chloride; it then 
separated in bright green needles, m. p. 98°, which were rendered 
stable by removal of all addenda in a vacuum. The salt dissolved 
readily in formic and glacial acetic acids, giving dark violet 
solutions. When a dilute solution in formic acid was treated with 
water, a strong opalescence immediately developed, the wine-red 
colour rapidly faded, and the colourless carbinol base was deposited. 
As with the 4'-hydxoxystyryl salt, long trituration with alcohol 
gave a colourless compound, m, p, 194°, of undetermined constitution. 
Tho ferr ichloride, prepared by the action of powdered hydrated ferric 
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chloride on a solution of 4 , -methoxy-9-styrylxanthylium chloride 
in formic acid, separated from glacial acetic acid in long, copper- 
coloured plates which softened and turned blue at 175° and decom¬ 
posed with inflation at 212° (Found : C, 51-5; H, 3-2; 01, 27-7; 
Fe, 10-5* C 22 H 17 0 2 Cl 4 Fe requires C, 51*7; H, 3*3; Cl, 27*8; Fe, 
10*9%). 

4/-Hydroxy- 3' -methoxy- 9 - styrylxanthylium chloride crystallised 
from formic acid in golden-brown needles which contained a mole¬ 
cule of formic acid (m. p. 135°). The salt was readily soluble in 
cold formic acid and in hot glacial acetic acid, giving royal-blue 
solutions. Neutralisation of a dilute formic acid solution with 
sodium carbonate precipitated the colour base, which was gradually 
converted into the colourless carbinol base (Found : C, 67*1; H, 
4*6; Cl, 8*9. C 22 H 17 0 3 C1,HC0 2 H requires C, 67*2; H, 4*6; Cl, 
8-7%). 

3': £-Methylenedioxy-9-styrylxanthylium chloride could not be 
obtained pure, for although it separated from the condensation 
mixture in green crystals, attempts to recrystallise these from 
either formic acid or glacial acetic acid with or without the addition 
of hydrogen chloride resulted in the formation of a yellow oil, 
which gradually solidified to a colourless compound. Recourse 
was made, therefore, to analysis of the zinc chloride double salt, 
which was readily prepared by suspending the crude xanthylium 
chloride in cold formic acid and shaking vigorously with zinc 
chloride in hydrochloric acid. The salt separated from glacial 
acetic acid in glistening, green needles (Found : C, 49*6; H, 3*1; 
Gl, 20*3. C 22 H 16 0 3 Cl 3 Zn,H 2 0 requires C, 51*2; H, 3*3; Cl, 20*6%). 

3 : 6 - Dihydroxy- Q-methylxanthylium Chloride. —Dry hydrogen 
chloride was passed into a molten mixture of resacetophenone 
(10 g.) and resorcinol (7*2 g.) (oil-bath at 140—150°). The melt 
gradually turned red and, after several hours, became semi-solid. 
The stream of hydrogen chloride was continued until the mass 
became too viscous, the temperature being gradually raised to 
170°. The solid mass was dissolved in boiling anhydrous formic 
acid (80 c.c.); the xanthylium chloride then separated in reddish- 
yellow needles with a characteristic blue metallic reflex. On 
several occasions, however, the salt was deposited as a chocolate 
powder, which was again recrystallised from formic acid containing 
hydrogen chloride. It is soluble in alcohol, acetone, or formic 
; jcid and insoluble in ether or benzene. It dissolves in sodium 
llgrdroxide solution to a reddish-brown solution which when dilute 
iphows an intense green fluorescence. With sodium acetate it 
'yields the base in the form of brick-red flocks. 

'•y 3 ^Trihydroxy-9‘8tyrylxanthylium Chloride .—The parent 
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chloride (5 g.) was suspended in 70 c.c. of alcohol together with 
#-hydroxybenzaldehyde (2*6 g.), and dry hydrogen chloride was 
passed into the cold solution; the xanthylium chloride then 
gradually dissolved. After | hour the styrylxanthylium chloride 
(4*3 g.) separated from the deep red solution as a red, amorphous 
solid. On recrystallisation from anhydrous formic acid containing 
hydrogen chloride, it formed long needles which appeared red by 
transmitted and green by reflected light. On heating the chloride 
changed to red and melted with inflation at 273—274°. It is readily 
soluble in hot formic acid, sparingly soluble in alcohol or acetone to 
orange-red solutions, whilst in dilute sodium hydroxide it dissolves, 
giving a permanent bright claret-red solution (Found: C, 65*1; 
H, 4*2; Cl, 9*0. C 21 H 15 0 4 C1,H 2 0 requires C, 65*5; H, 4*4; Cl, 
9*2%). 

3 ; §-DihydroxyA r -methoxy-§-styrylxanihylium chloride separated 
as a dark red, amorphous solid (70% yield) on passing hydrogen 
chloride into a boiling alcoholic suspension of equimolecular quanti¬ 
ties of the parent chloride and anisaldehyde. It was purified by 
boiling with alcohol, which removed any uncondensed products, 
and was then crystallised from formic acid containing hydrogen 
chloride. It forms golden-coloured plates with a metallic sheen 
which on heating change to green and melt at 282° (decomp.). 
It is very sparingly soluble in boiling alcohol or acetone, but readily 
soluble in hot formic acid. It dissolves in warm dilute sodium 
carbonate to a bright red solution, from which the base separates 
on cooling (Found : C, 65*9; H, 4*6; Cl, 8*7. C 22 H 17 0 4 C1,H 2 0 
requires C, 66*2; H, 4*8; Cl, 8*9%). 

3:4': 6 - Trihydroxy-5 '-methoxy- 9 - styrylxanthylium chloride crystal¬ 
lises from formic acid in reddish-violet needles which appear green 
by reflected light (m. p. 244—245°). It is readily soluble in alcohol, 
acetone, or hot formic acid and dissolves in dilute sodium hydroxide 
solution with a deep reddish-violet colour. It is extremely hygro¬ 
scopic and specimens were dried at 100° immediately prior to 
analysis (Found: C, 66*6; H, 4*4; Cl, 8*8. C 22 H 17 0 5 C1 requires 
C, 66*6; H, 4*3; Cl, 8*9%). 

3 : 6-DihydroxyA ': -methylenedioxy ^-styrylxanthylium chloride 
separates from formic acid containing hydrogen chloride in bronze- 
coloured needles which, on heating, turn green and decompose at 
316°. It is very sparingly soluble in alcohol, but dissolves readily 
in boiling formic acid to a red solution (Found, in material heated 
at 80° for several hours: 0, 66*8; H, 3*9; Cl, 9*3. C 22 H 15 0 5 C1 
requires C, 66*9; H, 3*8; Cl, 9*0%). 

3 : %-DihydroxyA'-dimethylamino-%-8tyrylxanthylium Chloride .—A 
suspension of the parent chloride (5 g.) and p-dimethylamino- 
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benzaldehyde (3*2 g.) in 100 c.c. of alcohol was boiled for 10 minutes 
under reflux without addition of hydrogen chloride, the condens¬ 
ation product separating as a hard, green solid. On recrystallis¬ 
ation from a large volume of alcohol, it formed microscopic, green 
needles which on heating changed to red. It is sparingly soluble 
in alcohol or acetone, giving intense green solutions which change 
to claret-red on dilution with water. Addition of hydrochloric acid 
to the alcoholic solution produces a yellow solution of the xanthylium 
chloride hydrochloride. The salt dissolves in aqueous sodiunr 
hydroxide to a bright scarlet solution, which is not altered on 
further dilution (Found: C, 66*6; H, 5*2; 01,8*8. C 23 H 20 O 3 NCl,H 2 O 
requires C, 67*1; H, 5*3; Cl, 8*6%). 

We wish to record our thanks to the Council of the Department 
of Scientific and Industrial Research for a grant to one of us (H. A.) 
which enabled this work to be carried out. 

The University, Liverpool. [Received, December 28 th, 1925.] 


XCV .—Arylsulphuric Acids. 

By George Norman Burkhardt and Arthur Lapworth. 

The use of dialkylanilines in place of pyridine for the preparation 
of arylsulphuric acids by Verley’s method [Bull. Soc. chim >, 1901, 
25, 46; compare Durand and Huguenin, Brit. Pat. 186057 (1922), 
202630 and 202632 (1923)] has been found to lead to rather better 
yields and recovery of tertiary base is simplified. 

Diethylaniline (100 g.; mols.) or the equivalent quantity of 
dimethylaniline in carbon disulphide (100 c.c.) was stirred mechani¬ 
cally and cooled to —10°. Chlorosulphonic acid (34 g.; 1*1 mols.) 
was run in steadily during 15 minutes, the temperature being 
maintained below 10°. Phenol (25 g.; 1 mol.) in carbon disulphide 
(50 c.c.) was then added all at once, the mixture stirred for an hour, 
and the disulphide thereafter removed by distillation on a steam- 
bath. The cold, viscous residue was run into a solution of sodium 
hydroxide (22 g.) in water (150 c.c.) containing 10 g. of hydrated 
barium hydroxide,* with vigorous shaking, the temperature being 
kept below 35°. A large proportion of the diethylaniline could 

* For certain purposes, the use of excess of ammonia instead of the 
hydroxide of an alkali metal is advantageous; but in this case, before remov¬ 
ing the tertiary base in a current of steam, it is necessary to add sufficient 
barium hydroxide to convert all salts present into barium salts, as ammonium 
phenyl sulphate may suffer hydrolysis in the steam distillation process. 
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then be separated directly and the remainder removed by steam 
distillation or by extraction with benzene; the aqueous residue on 
direct evaporation yielded 90% of the theoretical quantity of 
sodium phenyl sulphate together with 7% of sodium chloride. 

If the base and phenol were mixed before the chlorosulphonic 
acid was added, the yields never exceeded 60% of the theoretical. 

Use of Sulphuric Anhydride in place of Chlorosulphonic Acid .— 
The authors carried out a number of experiments on the use of 
sulphuric anhydride in place of the chlorosulphonic acid employed 
by Verley (loc. cit.), “as the formation of hydrogen chloride in. the 
preparation is often disadvantageous. The experiments were 
completed before the patents of Durand and Huguenin (Brit. Pat. 
202632 of 1923) came to their notice, but some of the observations 
made were not redundant and appear worthy of record. 

As it was evident that the use of sulphuric anhydride as sulphating 
agent for phenols would render it easy to isolate pure products, trials 
of a number of organic media as solvents were made. The liquids 
were cooled and the anhydride was distilled slowly into them. Chloro¬ 
form and carbon tetrachloride were decomposed rapidly, yielding 
carbonyl chloride even with most careful cooling, and carbon 
disulphide evolved carbonyl sulphide. Diethylaniline could not be 
made to dissolve the anhydride without charring and sulphonation; 
hexane did not appear to dissolve the anhydride as such, but was 
rapidly attacked when in contact with it: the nature of the reaction 
in the latter instance is under investigation. Experiments in 
which sulphuric anhydride was distilled into a cooled solution 
containing both phenol and diethylaniline in carbon tetrachloride 
gave more promising results, but even in presence of the tertiary 
base about 13% of the anhydride was destroyed by reaction with 
the tetrachloride, and the mixed salts obtained at the end of the 
operation contained 8% of inorganic chloride. 

The only solvent found to dissolve sulphuric anhydride readily 
and without decomposition was liquid sulphur dioxide, and the 
following is an account of one of the experiments in which it was 
tried as solvent for sulphating phenols. 

A solution of sulphuric anhydride (19 g.) in 80 c.c. of liquid 
sulphur dioxide was slowly added with vigorous stirring to phenol 
(20 g.) and diethylaniline (60 g.) in a wide-mouthed flask, cooled 
in a freezing mixture. After remaining over-night to allow most 
of the solvent to evaporate, it was found that much of the latter 
was obstinately retained and had to be removed by heating for an 
hour on a steam-bath. The product, after cooling, was neutralised 
with aqueous sodium hydroxide and sufficient barium hydroxide 
to precipitate inorganic sulphate. Nearly pure sodium phenyl 
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sulphate in 60% yield was isolated on removal of diethylaniline 
and evaporation of the aqueous residue. ' 

Use of Pyridine Sulphuro-anhydride in the Preparation of Salts of 
Phenylsulphuric Acids . [With Fbank Ashworth]. —This method 
is virtually a modification of the process last described, inasmuch as 
sulphuric anhydride with a tertiary base, in this instance pyridine, 
is used. The following is an example of its application to a nitro- 
phenol. 

Sulphur trioxide (25 g.) is slowly distilled, with stirring and 
drastic cooling, into pyridine (29 g. ,* 1*75 mols.). Benzene (200 c.c.) 
is now added, and the whole heated to boiling * under a reflux 
condenser. p-Nitrophenol (30 g.; 1 mol.) is next introduced and 
the whole boiled for 4 hours, during which time the pyridine salt 
of p-nitrophenylsulphuric acid crystallises out. The mixture is 
cooled, poured into a slight excess of aqueous potassium hydroxide, 
the benzene distilled off under diminished pressure, the residual 
solution made just acid with acetic acid, and unchanged nitrophenol 
(2 g.) extracted with ether. The solution is rendered slightly 
alkaline once more and the water and pyridine evaporated off under 
diminished pressure, when potassium p-nitrophenyl sulphate is 
obtained in yields of 90—94% of the theoretical. 

Eugenol under similar conditions gave a 70% yield of potassium 
eugenyl sulphate. 

o-Nitrophenol proved much more difficult to attack than the 
para-isomeride. Yields of the sulphate up to 25% were obtained 
when equivalent proportions of o-nitrophenol and pyridine sulphuro- 
anhydride were used, and 56% yields with twice the theoretical 
amount of the latter. 

Use of Pyrosulphate and Tertiary Bases in the Preparation of 
Phenylsulphuric Acids.— It is somewhat remarkable that there are 
no published records of attempts to extend or improve upon the 
results obtained by Baumann (. Ber. 3 1878,11, 1907), who succeeded 
in making potassium phenyl sulphate from phenol by means of 
potassium pyrosulphate. He worked with aqueous solutions only, 
however, with potassium hydroxide as condensing agent, and the 
yields were very poor. The present authors have found that good 
yields of the phenyl sulphates can be obtained by heating finely 
powdered potassium pyrosulphate with a solution of the phenol or 
naphthol in dry dimethylaniline, followed by extraction of the 
product with aqueous alkali. 

A mixture of phenol (1 mol.) and dimethyl- or diethyl-aniline 
' {I mol.) was heated on a steam-bath and stirred mechanically while 

ji * Control experiments showed that pyridine sulphuro-anhydride has no 
^ action on boiling benzene. 
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finely powdered potassium pyrosulphate * (If mols.) was added; 
the suspension was stirred and heated for 8 hours. The reaction 
mixture was poured into a suspension of excess of baryta in cold 
water, the base being subsequently removed by steam distillation, 
the excess of baryta being precipitated by means of carbon dioxide. 
After filtering and evaporating, potassium phenyl sulphate in 
80 —85% yield was easily isolated. 

Another experiment using phenol (1 mol.), base (3 mols.), and 
pyrosulphate (2f mols.), heated and stirred for 4 hours, gave a 
yield of 90%. 

The method was also found satisfactory for a- and p-naphthols, 
and for eugenol and $$c>eugenol, except that in all these cases it 
was impossible to use barium hydroxide on account of the low 
solubility of the salts of the products. A slight excess of potassium 
hydroxide was therefore added and the base separated while the 
solution was hot. 

Notes on the Properties of the Salts of Arylsulphuric Acids.— 
Baumann and Verley (loc. cit.) recorded [a) that the potassium salts 
of the arylsulphuric acids are stable to alkalis, but are readily 
hydrolysed by acids; (b) that they decompose, with some isomerisa¬ 
tion to sulphonates, at 150—200°; (c) one or two physical properties 
in a few instances. Heymann and Koenigs oxidised potassium 
o- and p-tolyl sulphates to the corresponding carboxylic acids 
(Ber., 1886, 19, 704). In the present investigation many of the 
above observations were confirmed, and extended, and a variety of 
salts of arylsulphuric acids examined in some detail. 

The salts show some variations in their ease of hydrolysis. The 
alkali salts are stable at 100° in neutral aqueous solution and require 
heating to boiling before rapid hydrolysis sets in in presence of 
mineral acid. The barium salt is decomposed on heating to 100° 
iii aqueous solution for If hours, after which the hydrolysis proceeds 
rapidly to completion in 2 hours. The ammonium and magnesium 
salts are of intermediate stability. All the salts are stable at 100° 
in an aqueous solution of sodium acetate even in presence of a 
considerable concentration of acetic acid. Hydrolysis of the 
potassium salt is also brought about by heating at 150° with strong 
alkali or with half-concentrated ammonia at 190—220° for 4 hours. 
In the latter case, no aniline is produced. 

* Potassium pyrosulphate was made by heating powdered potassium 
hydrogen sulphate, under 2—3 mm. pressure, in a bolthead flask on a sand- 
bath. The reaction proceeded at 270—330° and was stopped when the 
temperature began to rise rapidly. The mass was then poured on to an 
iron plate and allowed to cool in a desiccator ; it contained 90% of pyro¬ 
sulphate. The salt was powdered and sieved as rapidly as possible immedi¬ 
ately before application in the above reactions, otherwise it deteriorated. 
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Heating with aniline gave no indication of replacement of the 
hydroxyl group. Diazo-compounds do not couple to an appreciable 
extent with salts of phenylsulphuric acid in alkaline solution, and 
nitrous acid is without action, even after several days. Concen¬ 
trated nitric acid rapidly decomposes the alkali salts, producing a 
mixture of nitro-derivatives without tarring or much evolution of 
heat. The bromination of salts of phenylsulphuric acids is described 
in another communication. Potassium phenyl sulphate crystallises 
in anhydrous, rhombohedral or six-sided plates with apex angle 95°. 
It dissolves to the extent of 0*7% in alcohol and 14% in water at 
17°, and is freely soluble in both media when hot (Found : K, 18*3. 
Calc, for C ? H 5 0 4 SK, K, 18*5%). 

The sodium salt forms rhombic plates consisting of aggregates 
of twinned leaflets. It dissolves to the extent of 7% in alcohol and 
31% in water at 17°, and is freely soluble in both media when hot 
(Found : Ha, 9*3. Calc, for C e H 5 0 4 SNa,313^0, Na, 9*2%). The 
barium salt forms fine granules and is rather less readily soluble in 
water than is barium chloride; in hot or cold alcohol, it dissolves 
to the extent of about 15%; when the moist salt is exposed in a 
steam-oven it is quantitatively decomposed in a few minutes, 
phenol being liberated, and the same change occurs at the ordinary 
temperature in the course of a few days. The ammonium salt is 
extremely soluble in cold water and crystallises in hydrated, 
rhombohedra composed of thin plates like the sodium salt. The 
magnesium salt forms small, nacreous, rectangular or six-sided 
plates; it is less soluble in cold water than any of the other salts 
examined. 

Salts of the isomeric tolylsulphuric acids are very sparingly 
soluble in cold alcohol and acetone and only slightly soluble in hot; 
they can be recrystallised from 85% alcohol, and, in the case of the 
p-tolyl derivative, from acetone containing 2% of water. They 
are very freely soluble in acetone containing 5% of water. The 
o-salt is soluble to the extent of 22% in water at 17°, the wi- 9%, 
and thep-10%. 

p -Toluidine tolyl sulphates are characteristic. They were prepared 
as follows: Potassium tolyl sulphate (5*5 g.) was added to a hot 
solution of £>-toluidine (2 g.) in 50 c.c. of alcohol, the mixture stirred 
for a minute with the liquid just below the boiling point, and 
.£>-toluidine hydrochloride (3*5 g.) added. The solution was boiled 
and shaken for a few minutes, and the potassium chloride (1*8 g.) 
which separated was filtered off. On evaporation, the liquor gave 
an almost theoretical yield of the toluidine tolyl'sulphate, which was , 
washed with benzene and recrystallised from benzene containing 
5% of alcohol. The salts from o- and jp-cresols are fairly soluble in 
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water and readily in alcohol and acetone but insoluble in benzene. 
On recrystallisation, they formed matted, woolly needles which on 
melting or heating for some time at 110° gave p-toluidine sulphate 
and free cresol. The salt from o-cresol melted sharply with decom¬ 
position at 125—127°, and the p-salt at 149—151°. 

Potassium m -carboxyphenyl sulphate was prepared by oxida¬ 
tion of the m-tolylsulphate. The latter (30 g.) was dissolved 
in water (100 c.c.) containing a little potassium hydroxide. A hot 
saturated solution of potassium permanganate (60 g.) was added to 
the solution7and the mixture heated on the steam-bath for 8 hours, 
after which the excess permanganate was reduced by means of 
alcohol, and the precipitate removed by filtration. The filtrate 
after cooling was rendered slightly acid with hydrochloric acid. 
The flocculent precipitate formed was collected, washed, and 
recrystallised from 70% alcohol. The yield was 80%. The salt 
forms plates ; 3*2 parts dissolve in 100 parts of water at 17°; it is 
readily soluble in acetone containing 10% of water (Found : K, 15*3. 
C 7 H 5 0 6 SK requires K, 15*3%). It gave no coloration with ferric 
chloride. It was hydrolysed, on boiling with mineral acid, yielding 
m-hydroxybenzoic acid and potassium hydrogen sulphate. 

Salts of Naphthylsulphuric Acids .—These are readily obtained in 
yields of 80—90% by the methods described on pp. 684 and 686. 
High purity of the naphthols is important in using the latter method 
or the products are discoloured. 

Potassium a-naphthyl sulphate crystallises from water as a coarse, 
crystalline powder or in long, soft needles. It dissolves in 40 parts 
of water at 17°, is freely soluble in hot water, and almost insoluble 
in most of the usual organic media (Found : K, 14-7. C 10 H 7 O 4 SK 
requires K, 14*9%). 

Potassium p- naphthyl sulphate resembles its isomeride in general 
appearance and characters, but its crystals are hydrated. It 
dissolves in 70 parts of water at 17° (Found: K, 11*9. 
C 10 H v O 4 SK,4H 2 O requires K, 11-7%). 

Both these salts are stable to boiling alkalis and to boiling dilute 
acetic acid in presence of sodium acetate; they are easily hydrolysed, 
however, by hot dilute mineral acids. They are at once attacked in 
aqueous solution by bromine, and precipitates soluble in ether are 
formed together with free sulphuric acid; the elimination of the 
sulphate residue is not, however, complete after several minutes 
in presence of excess of bromine. 

A considerable amount of time was spent in investigating the 
oxidation of the isomeric potassium naphthyl sulphates with 
alkaline permanganate in aqueous solution. It was found that 
rapid oxidation took place at 80°, and from the quantity of free 
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inorganic sulphate formed, that about 42% of the a-salt underwent 
oxidation in the unsubstituted ring, and in the case of the p-iso- 
meride about 62%. Numerous attempts to separate from the 
resulting mixtures the sulphates of the hydroxyphthalic, hydroxy- 
phthalonic acids, or the corresponding products formed after 
elimination of the sulphate radicals were not successful, owing mainly 
to the excessive solubility of these acids and their derivatives. 

From potassium oc-naphthyl sulphate, a small amount of the 
hydroxyphthalic acid (m. p. 150°) and some phthalic acid were 
obtained (compare Miller, Annalen, 1881, 208, 247). 

The authors wish to acknowledge a grant from the Research 
Fund of the Chemical Society towards the expenses of this investi¬ 
gation, and a maintenance grant to one of them (G. N. B.) from the 
Department of Scientific and Industrial Research which enabled him 
to take part in the later sections of the work. 

The ITn iyerbit y, Manchester. [Received, December 28th , 1925.] 


XCVI .—A New Reaction of Certain Diazosulphonates 
derived from fi-Naphthol-l-sulphonic Add , Part jf. 
Preparation of Phthalazine 9 Phthalazone, and 
Phthalimidine Derivatives from 4'- Nitrobenzene - 
2-naphthol-l-diazosulphonate. 

By Frederick Maurice Rowe, Esther Levin, Alan Chamley 
Burns, John Stanley Herbert Davies, and Wolfe Tepper. 

Some p-naphtholsulphonic acids condense with diazo-compounds 
in acid solution to form stable diazosulphonates; thus, p-napbthol- 
1-sulphonic acid or oxy-Tobias acid (Bayer & Co., Brit. Pat. 11757 
of 1895) gives diazosulphonates which Grant Hepburn (Brit. Pat. 
116360) found to possess interesting properties. For example, 
Para-red is obtained in substance quantitatively by dissolving one 
molecular proportion of 4'-nitrobenzene-2-naphthol-l-diazosulphon- 
ate in an aqueous solution of sodium carbonate or of one molecular 
proportion of sodium hydroxide, and then acidifying the cold 
solution. Diazosulphonates derived from (3-naphthol-l-sulphonic 
acid appear to be the only examples in which the stabilising com¬ 
ponent can provide subsequently an azo-coupling component. 
Bucherer (Ber., 1909, 42, 47; “ Lehrbuch der Farbenchemie,” 
125), without giving experimental details, explains this 
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Wahl and Xantz {Bull. Soc . chim 1923, 33, 97) have re-examined 
the above reaction and agree with Rucherer’s conclusion that 
compound (II) is a diazo-oxide, but were unable to isolate an 
analogous compound from l-bromo-(or chloro)- p-naphthol, although 
the latter reacts with diazotised p-nitroaniline to form Para-red as 
shown by Hewitt and Mitchell (J., 1906, 89, 1169). 

As Wahl and Lantz state that they propose to study the diazo¬ 
oxides which can be prepared from p-naphthol-1 -sulphonic acid 
and other diazo-compounds, we must mention here that we began 
our present investigation in 1918 with an examination of these 
compounds. Diazosulphonates derived from |3-naphthol-l-sul¬ 
phonic acid are stable, whereas the compounds formed from them 
by the action of one molecular proportion of alkali are unstable 
and particularly sensitive to acids. If the latter are diazo-oxides, 
it is not clear why they should be more reactive and unstable than 
diazosulphonates, and, in view of our other results, we suggest 
that they are sodium aryl-1 -azo- p-naphthaquinone-1 -sulphonates 
of the general formula (Ilia). Compounds of this type would be 
hydrolysed readily by cold dilute acid, forming azo-p-naphthol 
derivatives. It might be anticipated that such compounds would 
give different reduction products from those obtained from corre¬ 
sponding diazo-oxides, but they are so unstable that the reduction 
products more probably would be derived from the corresponding 
azo-p-naphthol derivative, owing to the preliminary elimination 
of the sulphonic group. In support of this, we find that even the 
more stable diazosulphonates give l-amino-2-naphthol on reduction. 

Grant Hepburn {loo. cit.) observed that although Para-red is 
obtained by acidifying a solution of 4'-nitrobenzene-2-naphthol- 
1-diazosulphonate in one molecular proportion of aqueous sodium 
hydroxide, this is not the case if an excess of sodium hydroxide is 
used, and he handed over the investigation of this interesting 
reaction to one of us (3F. M. R.). 

When the orange solution of 4'-nitrobenzene-2-naphthol-l-diazo- 
sulphonate in aqueous sodium carbonate is added to an excess of 
cold aqueous sodium hydroxide, or vice versa, the temperature 
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rises and a crimson colour is developed immediately, which changes 
slowly to orange-brown, or more rapidly when warmed on the 
water-bath. There is no evolution of nitrogen, and no formation 
of sodium P-naphthol-l-sulphonate or sodium p-nitrophenylnitroso- 
amine. Subsequent acidification gives traces only of Para-red, 
and, consequently, a reaction has occurred in which the whole of 
the diazosulphonate has taken part. No organic by-products can 
be detected and a homogeneous yellow compound can now be 
isolated in excellent yield. 

In order to test the generality of this reaction, various diazo- 
sulphonates were prepared, using other diazo-compounds in place 
of diazotised p-nitroaniline. Each diazosulphonate was converted 
by sodiuiq carbonate into a sodium aryl-1 -azo- p-naphthaquinone- 

1- sulphonate, many of which were isolated in a well-crystalline 
condition, and all of which were converted quantitatively into 
the corresponding azo-derivative of (3-naphthol, with elimination 
of the sulphonic group, by the action of cold dilute acid. On the 
other hand, only certain diazosulphonates give rise to the new 
reaction with sodium hydroxide. Eor example, the compounds 
from aniline, o- and jp-toluidine, 2 : 5-dichloroaniline, tribromo- 
aniline, sulphanilic acid, p-aminoacetanilide, anthranilic acid, 
p-aminobenzonitrile, a- and (3-naphthylamine, and benzidine are 
decomposed by sodium hydroxide with formation of sodium p-naph- 
thol-l-sulphonate and evolution of nitrogen or formation of the 
nitrosoamine, although the reaction was examined under a variety 
of conditions. On the other hand, the compounds, for example, 
from o- and m-nitroaniline, 2:4-dinitroaniline, 4-nitroaniline- 

2- sulphonic acid, 4-chloro-2-nitroaniline, 4-nitro-2-chloroaniline, 
2 :6-dibromo-4-nitroaniline, and 3-nitro-4-aminotoluene give rise 
to the new reaction with sodium hydroxide, accompanied usually 
by the development of a transient intense colour, and new com¬ 
pounds are formed with properties similar to those of the compound 
derived from p-nitroaniline. In fact, the only compounds which 
have yet been found to give rise to the new reaction, and which 
do not contain a nitro-group, are aminoazo-compounds, such as 
4-aminoazobenzene and its sulphonic acid. The suitability of a 
diazo-compound for participation in the new reaction depends 
mainly on the formation of a condensation product with (3-naphthol- 
1-sulphonic acid, sufficiently stable to react further with sodium 
hydroxide without decomposition. 

The possibility of using other compounds in place of p-naphthol- 
1-sulphonie acid was examined next. Diazotised p-nitroaniline 
condenses with P-naphthylamine-l-sulphomc acid, but the product 
does not react in the new way, nor is there any evidence of the 
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occurrence of the new reaction with [3-naphthol-S-sulphonic acid 
or phenol-o-sulphonic acid. Naphthalene-a-sulphonic acid con¬ 
denses with diazotised p-nitroaniline (Becker, D.R.-P. 89998) and 
the diazosulphonate dissolves in aqueous sodium carbonate, but 
the addition of sodium hydroxide to the solution causes decom¬ 
position with formation of sodium naphthalene-a-sulphonate and 
sodium 'p-nitrophenylnitrosoamine. Consequently, the. presence of 
a hydroxyl group in the o-position with respect to the sulphonic 
group in the naphthalene nucleus is an essential feature of the 
new reaction. 1-Methyl- (3-naphthol condenses with diazotised 
p-nitroaniline and its o-sulphonic acid, probably with formation 
of diazo-oxides, but these also are decomposed by sodium hydr¬ 
oxide. Finally, there was no evidence of the occurrence of the 
new reaction when diazotised p-nitroaniline and 1 -bromo- (3-naphthol 
were used, for the halogen atom in the latter compound is so labile 
that Para-red is produced under all conditions. Consequently, 
T3-naphthol-l-sulphonic acid stands alone in giving rise to the new 
reaction. 

From this point our attention has been confined to a detailed 
study of the compound formed by the action of an excess of sodium 
hydroxide on a solution of 4'-nitrobenzene-2-naphthol-l-diazo¬ 
sulphonate in aqueous sodium carbonate. 

This compound has the formula C 10 H 12 O 7 N 3 SNa and is the 
sodium salt of a sulphonic acid. Aqueous solutions are decolorised 
by zinc dust and ammonia, and are reoxidised to a deeper colour, 
indicating, inter alia , that a nitro-group has been reduced to an 
amino-group. Reduction proceeds further with hydrosulphite [hypo¬ 
sulphite] or acid stannous chloride, and, although concordant results 
were obtained with difficulty in titrations with titanous chloride 
or sulphate, the figures indicated that 8 atoms of hydrogen were 
required for complete reduction as compared with 6 for the mere 
reduction of a nitro- to an amino-group. When an aqueous solu¬ 
tion of the compound C 16 H 12 0 7 N 3 SNa is boiled with aqueous 
mineral acid, the sulphur is eliminated as sulphur dioxide, thus: 

R*S0 3 H -f H 2 0 = R*OH + S0 2 + H 2 0. 

This behaviour is not confined to this compound, but is a common 
property of all the analogous compounds which we have yet pre¬ 
pared, and gave the first clue to the actual mechanism of the new 
reaction, for although the sulphonic group in (3 -naphthol-1 - sulphonic 
acid is hydrolysed by similar treatment, [3-naphthol is formed and 
not 1 : 2-dihydroxynaphthalene. The hydroxy-derivative has the 
formula C 16 H 13 0 5 N 3 and with alkaline hydrosulphite a compound 
* 0 16 H 17 0 3 N 3 is formed as the sole reduction product, i.e., not only 
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has a nitro-group been reduced to an amino-group, but an additional 
two hydrogen atoms have been introduced. Reduction with acid 
stannous chloride, alone or in presence of granulated tin, however, 
gave varying results according to the duration and temperature 
of the reaction, and two further compounds were obtained. Closer 
investigation showed that whether alkaline hydrosulphite or acid 
stannous chloride is used, the initial reduction product is the com¬ 
pound C X6 H 17 0 3 N 3 . The latter, however, reacts with boiling hydro¬ 
chloric acid, forming the compound C 14 H 13 pN 3 , which is capable 
of undergoing further change with acid-reducing agents, forming 
the compound C 14 H 12 ON 2 . Thus, although several derivatives and 
degradation products were obtained, we failed to bring about fission 
into two aromatic products by these reactions. 

We wish to acknowledge here our great indebtedness to Professor 
Arthur Lapworth, F.R.S., and to Professor Robert Robinson, 
F.R.S., who first propounded the explanation of the mechanism of 
the new reaction upon which our constitutional formulae are based, 
and to whom our warmest thanks are due for their interest in this 
investigation. 

The course of the reaction in the case of 4'-nitrobenzene-2«naph- 
thol-l-diazosulphonate (I) is outlined in the scheme on p. 696. 

Reference has been made already to the compounds formed by 
the action of aqueous sodium carbonate on diazosulphonates derived 
from p-naphthol-l-sulphonic acid, and regarded hitherto as diazo¬ 
oxides. It would not be anticipated that diazo-oxides would react 
with alkali hydroxides in the manner outlined on p. 696, and it is 
upon the occurrence of this new reaction and the properties of the 
compounds to which it leads, that bur opinion is based that the 
former compounds are really sodium aryl-l-azo-$-napMhaquinone- 
1 -sulphonates. It is considered that sodium hydroxide opens the 
ring * of sodium 4'~nitrobenzene~l~azo~$~naphlha^inone-l-8ulph(m~ 
ate (III) with addition of sodium hydroxide, forming the inter¬ 
mediate carboxylic acid (IV), which is not isolated, and a quinonoid 
modification of which would account for the transient intense 
coloration. The next step is a rearrangement and closing of the 
ring which we believe occurs as shown in (V) with formation of 
disodium %-{4 f -nitrophenyl )-1 : 3-dihydrophthalazine-4:-acetate- 1 -sul- 
phonate, and when the mixture is rendered faintly acid, the mono- 
sodium salt separates. The replacement of the sodium-1-sulphon- 

* The opening of the naphthalene ring forming a carboxylic acid has also 
been effected by Werner and Piguet (Ber., 1904, 37, 4310), who prepared 
: d-cyanocinnamic acid by the very vigorous reaction which occurs when a 
■f pyridine solution of l-nitroso-£-naphthol is treated with benzenesulphonyl 
• cbteide or sulphury! chloride. 
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ate group by hydroxyl gives l-hydroxy-3-(i'-nitrophenyl)-l: 3-di- 
hjdrophthalazineA-acetic acid (VI). Formula (VI) is in agreement 
with the behaviour of this compound on reduction, whereby l-hydr- 
oxy-3-(4: f -aminophenyl)4etrahydrophthalazineA-acetic acid (VII) is 
formed. \ 
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N.B.—Formulse (V) and (VI) above correspond with the familiar 
formula for nitrobenzene (A), but the formulas may be expressed; 
equally well as containing the semi-polar bond (B), corresponding 
with the form (0) for nitrobenzene. 
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Attempts to degrade compound (VI) by oxidation with acid 
dichromate were unsuccessful and gave an apparently more com- 

aa2 
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plex compound, which has been set aside for future investigation, 
as has also a compound formed by boiling with aqueous sulphuric 
acid. 

The oxidation of compound (VII) with acid dichromate pro¬ 
ceeded satisfactorily only if limited, and the compound formed 
has also been set aside for future investigation. 

When compound (VII) is boiled with aqueous mineral acid, it is 
converted into 4' -amino~Z-phmyl^Hhalaz^one (VIII), the latter 
constitution being supported by the fact that oxidation with hot 
acid dichromate gives phthalic acid and benzoquinone. 

When compound (VIII) is reduced with zinc dust and hydro¬ 
chloric acid, one nitrogen atom is eliminated as ammonia and 
4:'-aviino-TS-phenylphthalimidim (IX) is produced. Thus, this 
reaction is similar to that observed by Racine {Annalen, 1887, 
239, 78) in the preparation of N -phenylphthalimidine (XI) from 
3-phenylphthalaz-4-one by reduction with tin and hydrochloric 
acid. The constitution of compound (IX) was confirmed by the 
preparation from it of ^-phenylphthalimidine (XI), and also by 
oxidation with cold acid dichromate, when phthalimide and benzo¬ 
quinone were obtained. The fact that phthalimide was obtained 
in this case suggests that it was also the primary oxidation product 
of compound (VIII), but that hydrolysis then occurred at the 
temperature necessary for satisfactory oxidation in the latter case. 

At an early stage in our investigation it appeared possible that 
the rearrangement and closing of the ring in passing from com¬ 
pound (IV) might occur with the formation of A-aryhmino-deriv- 
atives of tsoquinoline thus : 
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In order to determine which of the two schemes for the final stage 
in the reaction is correct, the compound (VI) or (VIa) was studied 
closely. It might be argued that a compound such as (VIa) would 
give y-phenylenediamine as one of its reduction products, whereas 
we failed to obtain any trace of .p-phenylenediamine by the reduc- 
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tion of this compound. As the literature appeared to contain no 
reference to A-arylimino-derivatives of ^soquinoline, for purposes 
of comparison with compound (VI) or (VIa), a related compound 
undoubtedly of the type of the latter was synthesised thus : 



(B-Naphthaquinone was oxidised by calcium hypochlorite (Zincke 
and Scharfenberg, Ber., 1892, 25, 399; compare Zincke, ibid., 
1168, 1493; Bamberger and Kitschelt, ibid., 888) to the S-lactone 
of o-carboxyphenylglyceric acid (XII), and this was converted 
into isocoumarin-3-carboxylic acid (XIII) by heating with hydro¬ 
chloric acid at 160—165°. It was anticipated that the latter 
would condense with ^-nitrophenylhydrazine in alcoholic solution 
with elimination of water, forming N A'-nitrophenyliminoimcarbo- 
styril-3-carboxylic acid (XV), as Bamberger and Frew (Ber., 1894, 
27, 198) prepared V-phenyKsocarbostyril-3-carboxylic acid in this 
way, using aniline. Actually, this condensation gave in our case 
the hydrazide (XIV), and the final stage of the synthesis was com¬ 
pleted only by boiling a suspension of the latter in toluene in presence 
of phosphorus trichloride. 

Compound (VI) or (VIa) dissolves in alkalis with a deep wine- 
red colour, and is reduced by hydrosulphite to compound (VII) 
in almost theoretical yield. Compound (XV) dissolves in alkalis 
with a deep red colour, but when reduced with hydrosulphite under 
exactly the same conditions, although no jp-phenylenediamine could 
be detected and the sole reduction product was an amino-acid, the 
yield of the latter was much inferior to that obtained in the former 
case. This is probably due to the fact that compound (XV) is 
much more sensitive to alkalis than compound (VI) or (VIa). 
Other noteworthy differences between the properties of the two 
compounds were observed. Thus, whereas compound (VI) or 
(VIa) is esterified readily by passing hydrogen chloride through a 
solution in the requisite alcohol, or by means of the alcohol and 
sulphuric acid, or by the action of alkyl halides on the silver salt, 
we failed to esterify the carboxyl group in compound (XV). Further, 
oompound (VI) or (VIa) forms an anilide when boiled with aniline 
in toluene solution in presence of phosphorus trichloride, but 
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compound (XV) is unaffected by this treatment. These differ¬ 
ences in the properties of the two carboxylic acids are probably 
due to the proximity of the imino- and carboxyl-groups in com¬ 
pound (XV), and indicate the improbability of formula (VIa), 
particularly as we failed to prepare a nitroso-derivative of the 
compound, or to detect an imino-group in it by alkylation. In 
order to arrive at a definite conclusion on this point, the behaviour 
of compound (VI) or (VIa), when heated with an excess of zinc 
dust, was examined next, as Bamberger and Frew (foe. cit.) found 
that j7-phenylfoocarbostyril-3~carboxylic acid gives i$oquinolihe 
when treated in this manner. In our case, however, we failed to 
obtain any trace of fooquinoline, a fact which appeared definitely 
to exclude formula (VIa). This is supported also by the fact 
that one of our later degradation products (VIII) undoubtedly 
contains two nitrogen atoms in the ring, and it is difficult to con¬ 
ceive how such a compound could be formed from an ^soquinoline 
derivative. Further support of formula (VI) is afforded by the 
fact that when this compound is heated carefully above its melting 
point, nitrobenzene is formed, together with a basic residue which 
has not yet been examined closely; this behaviour is analogous 
to that of p-nitroazoxybenzene, which also gives nitrobenzene and 
a basic residue under similar conditions. 

Consequently, formulae (Va) and (VIa) have been discarded and 
it appears that formulae (V) and (VI) are correct, although the 
possibility of tautomeric forms of these, such, for example, as (VIb), 

gh< c(oh):^ 

6 4 CH N-C 6 H 4 -N0 2 , must not be overlooked. This is 

ch 2 -co 2 h 

virtually an isoamide of a carboxylic acid, however, and it Is 
improbable that such a compound would be reduced by alkaline 
hydrosulphite in the manner shown in (VII). 

In the present state of our investigation, formula (V) and (VT) 
appear the most probable and agree best with the formulae assigned 
to their derivatives and degradation products which we have yet 
prepared, although it is possible that the former may require slight 
modification m the light of future work. The closing of the ring 
which occurs in passing from (IV) to (7) is a condensation of a 
type closely allied to the condensation of nitrosobenzene and ethyl 
methylenemalonate recently described by Burkhardt and Lap worth 
p(J. 1925,127, 1749). 

p ; Noteworthy features of the new reaction described in this com- 
i^l *nunication are the simplicity and neatness with which certain 
^ na^thalene derivatives are converted into complex phthalazine 
I derivatives. The latter by simple means are capable of almost 
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quantitative conversion into many other interesting compounds, 
which are now rendered readily accessible for further study. 

Further work on this subject is in progress and the investigation 
will be extended in the various directions indicated. 

Experimental. 

Monosodium 3-(4:'-Nitrophenyl)-l : 3-dihydrophthalazine-4:-acetic 
acid-l-sulphonate, (compare V).—A filtered solution of 48 g. of 
commercial sodium (3-naphthol-1 -sulphonate in 220 c.c. of water 
was stirred into a cold solution of diazotised ^-nitroaniline, obtained 
by adding a concentrated solution of 14 g. of sodium nitrite to a 
solution of 24 g. of 'p-nitroaniline in 60 c.c. of concentrated hydro¬ 
chloric acid and 240 c.c- of water. The 4 , -nitrobenzene-2-naphthol- 
1-diazosulphonate (I) separated immediately as an orange pre¬ 
cipitate in theoretical yield (calculated on the ^-nitroaniline). 
This was filtered, washed free from acid with brine, made into a 
paste with 160 c.c. of cold water, and stirred into a cold solution 
of 48 g. of anhydrous sodium carbonate in 120 c.c. of water. A 
solution was produced but, if kept, crystals of sodium 4t-niiro- 
benzene-l-azo-$-napMhaquinone-l-sulphonate (III) separated. The 
cold orange solution was added immediately to a cold solution of 
40 g. of sodium hydroxide in 80 c.c. of water, the temperature 
rose about 15°, and the deep crimson mixture was left overnight 
until the colour had changed completely to yellowish-brown. It 
was rendered faintly acid with hydrochloric acid, then made alkaline 
with sodium carbonate, and a trace of Para-red filtered off. The 
filtrate was rendered faintly acid with hydrochloric acid and, under 
these conditions, the product separated completely as a yellow, 
semi-crystalline precipitate. (N.B.—Many experiments were carried 
out to determine the best conditions for the preparation of this 
compound, and although the yield was not affected materially, 
variations of temperature, excess of sodium hydroxide, and duration 
of the reaction, gave a resinous product which coagulated slowly.) 
After drying, sodium chloride was removed by extraction with 
absolute alcohol, from which solvent the product crystallised in 
orange, prismatic needles (yield 66 g.; 91*5% of the theoretical) 
(Found : C, 46*3; H, 2*9; N, 10*4; S, 7-5; Na, 5*2. C 16 H 12 0 7 N 3 SNa 
requires 0, 46*6; H, 2*9; N, 10*2; S, 7*7; Na, 5*5%). It is 
readily soluble in water, but less soluble in alcohol, forming yellow 
solutions, which are deepened by the addition of alkalis. The 
aqueous solution is decolorised by zinc dust and ammonia, and on 
exposure to air a deeper colour returns. It is a level-dyeing, pure 
greenish-yellow acid dye of good tinctorial power and of good 
fastness to other influences, but fugitive to light, even when dyed 
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in admixture with a fast blue. When heated with concentrated 
nitric acid at 105° in a sealed tube for 8 hours, decomposition 
occurs and picric acid was isolated in yellow needles, m. p. 122°.. 

1-Hydroxy -3-(4' -nitrophenyl)-! : Z-dihydrophthalazineA-acetic Acid 
(VI).—A solution of 32 g, of monosodium 3-(4'-nitrophenyl)- 
1:3-dihydrophthalazine-4-acetic acid 1-sulphonate in 120 c.c. of 
water was boiled with 64 c.c. of concentrated hydrochloric acid 
(aqueous sulphuric acid also can be used) until evolution of sulphur 
dioxide had ceased, and the product, which separated first as an 
oil, had formed yellowish-brown crystals. The latter were washed 
with boiling water and crystallised from ethyl acetate in pale 
yellow, vitreous, irregular prisms, m. p. 241° (yield 24 g.; 94%). 
Sulphur dioxide evolved during the reaction was determined 
quantitatively in the usual manner and was equivalent to one 
molecular proportion (Found: C, 58*9; H, 4*2; N, 12*8. 
C 16 H 13 0 5 N 3 requires C, 58*7; H, 4-0; N, 12*8%). When the 
substance was heated carefully above its melting point, nitro¬ 
benzene (confirmed by conversion into aniline) was obtained, 
together with a basic residue which has not yet been examined 
closely. This behaviour is analogous to that of jp-nitroazoxy- 
benzene, which also gives nitrobenzene under similar conditions. 
The substance is readily soluble in alcohol, acetone, or glacial 
acetic acid, but less soluble in benzene or ether. It is sparingly 
soluble in water, forming a solution acid to litmus, but dissolves 
readily in sodium carbonate or hydroxide with a deep wine-red 
colour, and prolonged boiling of the alkaline solution causes decom¬ 
position. It forms a reddish-brown silver salt and a yellowish- 
brown barium salt, and decolorises bromine water. It dissolves 
in cold concentrated sulphuric acid with an orange colour and is 
reprecipitated unaltered on dilution, but when 5 g. were dissolved 
in 50 c.c. of sulphuric acid, then diluted with 60 c.c. of water, and 
the solution boiled under reflux for 1 hour, there was no precipitate 
• on further dilution. A substance (4 g.) was isolated and crystallised 
from alcohol in fine yellow needles, m, p. 331°, but this has not yet 
been examined closely. 

Derivatives of 1-Hydroxy-%-{A-nitrophenyl)-! : 3-dihydrophthalaz- 
k' ineA-acetic Acid.—Methyl ester . A solution of 5 g. in 50 c.c. of 
| v dry methyl alcohol was saturated with dry hydrogen chloride at 
0°, left over-night, and then boiled under reflux for 2 hours. The 
I* > ester crystallised from methyl alcohol in yellow prisms, m. p. 153° 
|,. (Found : G, 59*8; H, 4*6; FT, 12-5. C 17 H 15 0 5 N 3 requires 0, 68*8; 

44; FT, ; 12*3%). Ethyl ester. (a) A solution of 3 g. in 30 c.c. 
if of dry ethyl alcohol was boiled with 1*5 g. of concentrated sulphuric 
acid under reflux for 4 hours. (6) The dry, reddish-brown, amorph- 
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ous silver salt, precipitated by tlie addition of silver nitrate to a 
neutral solution of 5 g. in sodium hydroxide, was boiled with 2 g. 
of ethyl iodide and 50 o.c. of dry ethyl alcohol under reflux for 
1 hour, (c) As described above for the methyl ester, except that 
60 e.c. of dry ethyl alcohol were used. The three products were 
identical in all respects and crystallised from ethyl alcohol in 
yellow crystals, tabular in character and with hexagonal outline; 
m. p, 180°. We have been furnished with the following crystallo¬ 
graphic description of the substance by Mr. H. E. Buckley of the 
Department of Crystallography, University of Manchester, to 
whom we express our grateful thanks : 

c< The symmetry is anorthic (triclinic) pinacoidal, with a : b : c = 
1*387 :1 : 0*626 and a = 

78° 15', p = 40° 10', y = 

117° 6'. 

The forms usually de¬ 
veloped are a(100), 6(010), 
c(001), tabular, ^(011) and 

r( T01) (Eig. 1 ). 

Angles measured: a : 6 = 

118° 11', ex : c 39° 42', 
a : m = 54° 53', c : m = 

56° 42', c:n = 57° 53', 
c : b = 103° 19', n : r = 

68° 19', m : n « 35° 45', 
and c : r « 89° 10' ” 

(Found: C, 61*1; H, 4-7; 

N, 12*1. C 18 H 17 0 5 N 3 re¬ 
quires C, 60*8; H, 4*8; 

N, 11*8%), It dissolves 
in sodium carbonate with an orange-brown colour, and is hydro¬ 
lysed to the original acid by boiling with alcoholic potassium 
hydroxide. Attempts to acetylate the ester gave a yellow, resinous 
product which could not be crystallised. Acetyl derivative . A 
solution of 5 g. of the acid in 10 c.c. of glacial acetic acid was boiled 
with 6 c.c. of acetic anhydride under reflux for 8 hours, and then 
poured on to ice. The acetyl derivative crystallised from ethyl 
alcohol in greenish-yellow, vitreous prisms, m. p. 212° (Found : 

O, 58*8; H, 4*2; 1ST, 11*7. C 18 H 15 0 6 N 3 requires C, 58-5; H, 4*1; 
N, 11*4%). It dissolves in sodium carbonate with an orange- 
brown colour or in sodium hydroxide with a wine-red colour, and 
attempts to csterify it gave resinous products which could not be 
crystallised. Anilide , A fine suspension of 4 g. of the acid in 
400 c.c. of toluene was boiled with 2*3 g. of aniline and 1 g. of 

A A* 2 
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phosphorus trichloride under reflux for 5 hours with stirring. When 
cold, the residue was washed with a little sodium carbonate and, 
after several crystallisations from ethyl acetate, formed yellow 
needles, m. p. 190—192° (decomp.) (Found: C, 654; H, 46; 
N, 13-9. CJBExgO^ requires C, 65*7; H, 4*5; N, 13*9%). The 
anilide dissolves in sodium hydroxide with a red colour and is 
hydrolysed to the original acid by boiling concentrated hydro¬ 
chloric acid. Oxidation of (VI). A fine suspension, obtained by 
dissolving 20 g. in 200 c.c. of cold concentrated sulphuric acid 
and pouring on to 800 g, of ice, was oxidised by adding gradually 
10 g. of powdered sodium dichromate. Next day the product was 
precipitated completely by nearly neutralising with sodium hydr¬ 
oxide and, after several crystallisations from ethyl alcohol and 
ethyl acetate, yellow leaflets (11*5 g.), m. p. 247°, were obtained, 
but this substance requires further investigation. 

l-Hydroxy~3-(4:'-ami7io]?Jienyl)4etrahydrophthalazine-4c-acetic Acid 
(VII).—Hydrosulphite was added to a solution of 12 g. of 1-hydroxy- 
3-(4'-nitrophenyl)-l : 3-dihydrophthaIazine-4-acetic acid in 150 c.c. 
of water and 10 g. of sodium hydroxide at about 90° until the 
deep wine-red colour had disappeared, the mixture being kept 
alkaline throughout by the addition of sodium hydroxide. The 
yellow solution was filtered and, if the filtrate was cooled, fine 
yellow needles of the sodium salt separated incompletely. The 
product was best isolated, therefore, by the addition of hydro¬ 
chloric acid until a white precipitate had separated completely. 
The end-point is readily determined, because too much acid redis¬ 
solves the precipitate with a brown colour. It was washed with 
cold water and crystallised from a large volume of boiling water 
in colourless prisms, m. p. 239° (yield 10*7 g.; 97*5%) (Found: 
0, 64*3 ; H, 5*7 ; N, 14*2. C 16 H 17 0 3 N 3 requires C, 64*2; H, 6*7; 
N, 14*0%). This compound can also be obtained by rapid reduc¬ 
tion with acid stannous chloride, but the yield is not so good owing 
to the subsequent action of acid upon it. It is soluble in alcohol, 
insoluble in benzene, and gives a transient wine-red colour with 
ferric chloride. It dissolves readily in dilute alkalis or dilute 
acids and can be diazotised. The esters could not be obtained by 
the reduction of the esters of 1-hydroxy-3-(4 / -nitrophenyl)-l ; 3- 
dihydrophthalazine-4-acetic acid with alkaline hydrosulphito, for 
hydrolysis also occurred, nor did direct esterification prove satis¬ 
fy factory. The fact that the compound is affected by acids intor- 
with the preparation of a pure acetyl derivative, for, after 
| .crystallisation from dilute acetic acid, colourless plates, softening 
and melting sharply at 266°, were obtained (Found : 

12*3. C 18 H 19 0 4 N a requires C, 63-3; H, 5-6; 
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N, 12*3%). Oxidation of (VII). Powdered sodium dichromate 
(7 g.) was added in small portions during 3 hours to a solution of 
20 g. in 400 c.c. of water and 100 c.c. of concentrated sulphuric 
acid at the air temperature. A transient wine-red colour was 
produced after each addition, hut any further addition did not 
produce this colour. The mixture was rendered just alkaline with 
sodium hydroxide, diluted with water to 2 litres, boiled, filtered, 
the filtrate neutralised, and concentrated. After crystallisation 
from alcohol and then from water, yellow, prismatic needles (15 g.), 
m. p. 276°, were obtained, but this substance requires further 
investigation. 

»Amino~2-phenylphthalazA-one (VIII).—A solution of 12 g. of 
l-hydroxy-3-(4'-aminophenyl)-tetrahyclrophthalazine-4-acetic acid 
in 300 c.c. of concentrated hydrochloric acid (25—30% aqueous 
sulphuric acid also can be used) was boiled under reflux, A less 
soluble hydrochloride separated progressively in colourless needles 
after 1 hour and the reaction was completed by boiling for 18 hours. 
After cooling, the hydrochloride was filtered off and converted into 
the base, which crystallised from alcohol in deep straw-coloured, 
prismatic needles, m. p, 259° (yield 8-8 g.; 92*5%) (Pound: C, 
71*0; H, 4*7; N, 17*8. C 14 H u ON 3 requires C, 70-9; H, 4*6; 
N, 17*7%). It is soluble in hot water, insoluble in alkalis, but 
soluble in dilute acids and can be diazotised, although we have 
not yet succeeded in removing the amino-group or replacing it by 
a hydroxyl group without the compound undergoing further change. 
Acetyl derivative . A solution of 1 g. in 10 c.c. of glacial acetic acid 
was boiled with 0*5 c.c. of acetic anhydride. After a few minutes 
the colourless acetyl derivative separated completely; it crystallised 
from a large volume of boiling water in almost colourless plates, 
m. p. 348° (Found : 0,68*9; H, 4*8 ; N, 14*9. requires 

C, 68*8; H, 4*7; N, 15*0%). Oxidation of (VIII), A solution of 
5 g. in 400 c.c. of water and 80 c.c. of concentrated sulphuric acid 
was oxidised at the air temperature by adding gradually 16 g. of 
powdered sodium dichromate. A brown precipitate separated and 
next day benzoquinone, yellow needles, m, p. 115°, was isolated 
by extraction with ether. The other oxidation product could not 
be obtained satisfactorily under these conditions, but was obtained 
in a second oxidation in which a further 14 g. of dichxomate were 
added’ and the mixture heated. In this case extraction with ether 
gave phthalic acid, colourless needles, m, p. 197° (confirmed by 
conversion into phthalic anhydride, colourless needles, m. p. 129°, 
and by the formation of fluorescein), 
4t'~Amino~]$»phenylphthaUmidine (IX).—A solution of 20 g. of 
4 / -amino-3-phenylphthalaz-4-one in 1 litre of water and 100 c.c. of 
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concentrated hydrochloric acid was boiled, and 300 c.c. of con¬ 
centrated hydrochloric acid were added, followed by 30 g. of zinc 
dust in small portions during 2| hours with vigorous boiling so 
that the volume was reduced to 700 c.c. After cooling, the product 
separated completely as colourless plates of the hydrochloride , 
together with a small proportion of colourless needles of the zinc 
double chloride. Completion of the reaction was indicated by the 
pink colour of the filtrate, and the latter contained ammonia, 
The crystals were dissolved in a little hot water and hydrochloric 
acid, the solution was rendered alkaline, and the dry precipitate 
extracted with alcohol. The base crystallised in almost colourless, 
prismatic needles, m. p. 198° (yield 16-5 g.; 87%) (Pound: C, 
75-1; H, 5*5; N, 12-4. C 14 H ia ON 2 requires C, 75-0; H, 54; 
N, 12*5%). Acetyl derivative. A solution of 1 g. in 10 c.c. of 
glacial acetic acid was boiled with 0*5 c.c, of acetic anhydride and 
poured into water; the product crystallised from dilute acetic 
acid in fine, colourless needles, m. p. 196° (Pound: C, 72*0; H, 
5-5; N, 10*7. C 16 H 14 0 2 N 2 requires C, 72*2; H, 54; N, 10*5%). 
Oxidation of (IX). This was effected as described in the first 
example under oxidation of (VIII), except that a fine suspension 
of the sulphate was used, and dark green needles separated at first 
and disappeared subsequently. Ether extraction gave benzo- 
quinone, yellow needles, m. p. 115°. The other oxidation product 
Was obtained best in a second oxidation in which a further 16 g. 
of dichromate were added at the air temperature* In this case 
extraction with ether gave phthalimide, flat, colourless needles, 
m. p. 234° (confirmed by conversion into phthalamidc, colourless 
crystals, m. p. 222° with evolution of ammonia and reformation of 
the imide). 

N*Phenylphthalimidine (XI).—A fine suspension of the sulphate, 
obtained by grinding 10 g. of the amino-derivative with sulphuric 
acid, was diazotised with a concentrated solution of 3*6 g. of sodium 
nitrite. The sparingly soluble diazo*$ulphate , almost colourless 
needles, was boiled with 1 litre of alcohol until the evolution of 
nitrogen had ceased; the N -phenylphthalimidine crystallisod in 
almost colourless plates, m. p. 160° as given by Racine (Zoo. cit) 

A'-Hydroxy-TS-phenylphthalimidine (X).—A fine suspension of 
the hydrochloride, obtained by grinding 20 g. of the amino-deriv¬ 
ative with 36 c.c. of concentrated hydrochloric acid and 800 c.c. 
of water, was diazotised with a concentrated solution of 7*2 g. of 
.sodium nitrite. Carbamide was added to remove excess nitrous 
aeid, the solution poured into 640 c.c. of dilute sulphuric acid 
r# :3) at 90°, and the mixture boiled for 2 hours until the stable 
: dwo-compound had decomposed completely. The hydroxy- 
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derivative crystallised from alcohol in colourless needles, m. p. 
228° (yield 18-2 g.; 90-5%) (Found: C, 74-8; H, 5-1; N, 6-1. 
g 14 H ii° 2 N requires C, 74*7; H, 4*9; N, 6*2%). Methyl ether . 
A solution of 2 g. in 50 c.c. of dry methyl alcohol was boiled with 
methyl iodide and sodium. The ether crystallised from methyl 
alcohol in colourless plates, m. p. 134° (Found : C, 75*2; H, 5-5; 

N, 6-0. C 15 H X3 0 2 ]Sr requires C, 75-3; H, 5-4; N, 5-9%). The 
ethyl ether crystallised from ethyl alcohol in colourless needles, 
m, p. 148° (Found : 0, 75*7; H, 5*9; N, 5*6. C 16 H X6 0 2 N requires 

O, 75-9; H, 5-9; N, 5-5%). 

N-4:'-NitrophenyKminoi$ocarbostyril-Z-carboxylic Acid (XV).— 
p-Naphthaquinone (3 g.) was oxidised by calcium hypochlorite to 
the 8-lactone Of o-carboxyphenylglyceric acid (2 g.) (XII), colour¬ 
less leaflets, m. p. 202—203°, as described by Zincke and Scharfen- 
berg ( loc . cit.) t who give m. p. 202°, whereas Bamberger and Kitschelt 
(loc, cit) give m. p. 204*5°. This acid (12 g.) was heated with 
concentrated hydrochloric acid (60 c.c.) at 160—165° and gave 
isocoumarin-3-carboxylic acid (8*2 g.) (XIII), colourless, quadri¬ 
lateral plates, m. p. 238—239° (Zincke, Ber., 1892, 25, 1493 gives 
m. p. 235°, whereas Bamberger and Kitschelt give m. p. 237°), 
An alcoholic solution of isocoumarin-3-carboxylic acid (5 g.) and 
p-nitrophenylhydrazine (4*05 g.) was boiled under reflux for £ hour, 
and gave o-carboxy-a-hydroxycinnamic acid p -nitrophenylhydrazide 
(8-5 g.) (XIV), which crystallised from alcohol in fibrous, yellow 
needles, m. p. 189—190° (decomp.) (Found: C, 55*9; H, 4 0; 

N, 12-5. C X0 H X3 O 6 N 3 requires C, 56*0; H, 3-8; N, 12*2%). The 
hydrazide is hydrolysed into its constituents by heating with 
dilute mineral acids. The elements of water were removed by 
boiling the finely divided hydrazide (4 g.) suspended in toluene 
(800 c.c.) with phosphorus trichloride (1 g.) under reflux for 5 hours. 

Nitrophenyliminowocarboetyril-S-carboxylic acid (2*24 g.) crys¬ 
tallised from ethyl acetate in small, pale yellow needles, m. p. .287° 
(decomp.). This compound is formed also by condensing i$o~ 
coumarin-3-carboxylic acid with jp-nitrophenylhydrazine in presence 
of phosphorus trichloride and boiling toluene, but the yield is much 
inferior (Found: 0,58*8; H, 3*6; N, 13-0. C X6 H X1 0 5 N 3 requires 

O, 59-1; H, 34; N, 12-9%). It is readily soluble in acetone or 
glacial acetic acid, but less soluble in alcohol or ether, and dissolves 
in alkalis with a deep red colour, the alkaline solution decomposing 
when heated. It is unaltered by boiling with dilute mineral acids, 
and is neither esterified nor converted into an anilide when treated 
under the conditions described for the preparation of these deriv¬ 
atives of 1 -hydroxy-3- (4'-nitrophenyl) -1: 3-dihydrophthalazine-4* 
acetic acid (VI). Reduction of the acid (4 g.) with alkaline hydro- 
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sulphite gave an amino-acid (2 g.)> almost colourless, crystalline 
powder, m. p. 266°, which Was not examined closely, and no trace 
of ^-phenylenediamine could be detected in the reduction mixture. 
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XCVII .—Absorption Spectra and Tautomer ism. Part I. 
Keto-enol Tautomerism. Ethyl Acetoacetate, Acetyl- 
acetone, and a-Benzoylcamphor. 

By Richard Alan- Morton and William Charles Victor 

Rosney. 


Although the absorption spectra of ethyl acetoacetate and its 
derivatives have been studied repeatedly (Baly and Desch, J., 
1904, 85, 1029; Stewart and Baly, J., 1906, 89, 489; Hantzsch, 
JBer., 1911, 44, 1771; Hantzsch and Voigt, Ber., 1912, 45, 85; 
Baly and Rice, J., 1913, 103, 91; Morgan and Reilly, J., 1913, 
103, 1494; Bielecki and Henri, Compt. rend., 1913, 156, 1332; 
1914, 158, 866; Ber., 1913, 46, 3627; Hantzsch, Ber., 1912, 43, 


3029), a reconsideration of the problem of the origin of their absorp¬ 
tion bands is called for in view of the improved experimental 
methods which are now available (oompare Grossmann, Z. phyaikal. 
Chem., 1914, 109, 305). 

The vapour from ethyl acetoacetate, cooled to — 80° in order 
to reduce the vapour pressure, shows an absorption band, without 
fine structure, at = 2381 A., e (mu ., = 1000 (approx.). 

Thin layers of the liquid ester show a band at \ __ = 2430, 


£ Wi ® 367, and the same band appears in solutions in ether, 
| aleohol (e = 2000), and hexane (e — 9100). Since the ratio e.,..,-, 
fe| o etaan,, agrees excellently with the relative content of enol 
■B Ahe solutions as measured by the addition of bromine, the 
at 2430 A. may be ascribed to the enol. This band is shifted 
A.,in ethyl ethylacetoacetate, CH 3 -C(0H):CEt-C0 2 Et, and 
bthylP-ethoxycrotonate, CH 3 -C(0Et):CH«C0 2 Et. 
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Aqueous solutions of ethyl acetoacetate,' which appear to Tbe 
mainly ketonic since they do not absorb bromine appreciably, give 
a band at 2550 A., which is nearer to the enolic band than to the 
undoubtedly ketonic band of acetone at 2747 A. Its absorptive 
power, e = 81, is intermediate between those of acetone (17*2) 
and liquid ethyl acetoacetate (367). Since a displacement of 
100 A. is often produced by a change of solvent, there is as much 


Fig, 1. 

2200 2500 3000 A. 



Ethyl acetoacetate (a) in hexane , (b) in alcohol , (c) in dilute hydrochloric 
acid, (d) in water, (e) liquid . 


reason to ascribe the band at 2550 A. to a trace of enol as to a 
large amount of ketone. There is, however, an inflexion in the 
curves for the liquid ester and for its solution in hexane, which 
may be due to an incipient ketonic band at 2700—2800 A. This 
conclusion is confirmed by the fact that the liquid dialkylaceto- 
acetic esters exhibit well-defined bands near 2900 A., which are 
weakened on the addition of alcohol, but reappear when alkali is 
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added. Moreover, analogy, with other ketones would lead us to 
predict a band in ethyl acetoacetate at about 2750 A, and e lrma } 
about 100. Since in hexane, where 80% of the ester is enolic, 
e<niix.) is 9100, the value for the pure enol must then be about 
100 times greater than for the pure ketone. We therefore conclude 
that the band at 2430 A. can be attributed to the enolic form and 

Fiq. 2. 

X. 

2900 3000 3100 3200 3300 3400 3500 3600 



that the ketonic form possesses a weak band near 2700 A., which 
is usually masked by the stronger absorption of the enol. 

; : ■ . Acetylacetone, which is too absorbent to be oyaminad in the 
| liquid state, gives a strong band at 2750 A. in aqueous and alcoholic 
g. .solutions. The ratio of the molecular extinction coefficients, 
g,'8920/2200 = 4-05, agrees with the ratio 4-2 of the enol content 
H ’« ™ 8e solutions as measured by K. H. Meyer. The band appears, 
!|<therefore, ^ to be due to the enol, although its wave-length corre- 
Wf®P<aids. with that of the acetone band at 2747 A. Since hexa- 


TAUTOMEBISM. PABT I. KETO-ENOL TAUTOMEBISM. 709 

methylacetone shows the usual ketonie band, even when very 
carefully purified (Rice, Proc . j Roy. Soc ., 1914, A , 91, 76), and the 
weak bands of the dimethyl- and diethyl-acetoacetie esters could 
not have been detected in presence of strongly absorbing enolic 
impurities, it is clear that the ketonie band cannot be attributed 
to the presence of a trace of enol in all ketones. It is therefore 
necessary to conclude that the enolic form of acetylacetone gives a 
band at the same wave-length as the ketonie form. This con¬ 
clusion is confirmed by the facts that addition of alkali to acetone 
(which presumably gives rise to a trace of an enolic salt) increases 
the intensity of the band but does not produce a new band, and 


Fig, 3. 

A. 

2000 2500 3000 3500 



that the two isomeric forms of benzoylcamphor give bands at the 
same wave-length but of unequal intensity. 

Formation of a new compound from acetone by addition of 
alkali must result in a redistribution of selective absorption. If 
the compound exhibits a new absorption band, the number of 
acetone molecules absorbing at 2747 A,, and therefore e (KUUC< » 
should decrease. The reverse is observed, so that whatever the 
nature of the new absorbing entity its position of maximum absorp¬ 
tion must coincide with that of acetone itself. The data on acetone 
are thus in agreement with the view that enolic and ketonie modi¬ 
fications possess the same wave-length of maximum absorption. 
Since the enolic sodium salt can be present only in minute amount, 
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the enolic form must have a high molecular extinction, as otherwise 
no increase would have been observed. 

The effect of alkali on ethyl acetoacetate and acetylacetono is 
more complicated, new bands being developed, with high extinction 
coefficients varying directly as the ratio of alkali to ester up to a 
molecular ratio of 100 :1. 

Alkaline solutions of ethyl acetoacetate were rapidly neutralised 
and the bromine addition was measured immediately. Although 
the nature of the experiments precluded reproducible quantitative 
data, the concurrent increases of the alkali/ester ratio and of 
e (max.) were accompanied by an increased capacity for bromine 
addition. Hence the bands at 2430 and 2725 A. for ethyl aceto¬ 
acetate, and the bands at 2750 and 2913 A. for acetylacetone, all 
correspond with enolic substances. 

The substitution of potassium, lithium or other metals for Bodium 
causes a small shift in the position of maximum absorption whioh 
is roughly proportional to the atomic weight of the substituent. 
We can therefore infer X (max>) when hydrogen replaces sodium. 
The position "of such a band for ethyl acetoabetate would be nearer 
2700 A. in alcoholic solution, i.e., the enolic ester corresponding 
with the enolic sodium salt would display the same position of 
maximum absorption as the ketonic tautomeride. In acetyl¬ 
acetone, the normal ketonic substance has already been shown to 
absorb at the same wave-length as the ordinary enolic form. The 
hypothetical enolic form of acetylacetone would, however, show a 
band different from that of the ketonic form. 

^ Much valuable work has been done in recent years leading to a 
ringed, chelate, co-ordinated or polar structure for the metallic 
derivatives of acetylacetone. From the present work, it is evident 
that the free enolic tautomerides are different from the metallic 
derivatives in a very distinct way. The free onol does not give 
the same band as the metallic salts. It therefore seems erroneous 
. to picture the free enol as co-ordinated or ringed in structure 
s; (compare Lowry, Trans. Faraday Soc., 1924, 18, 495, 537). 

| _ viewB advanced may be subjected to a fairly rigorous tost 
| by the isolation and examination of pure ketonic and enolic tauto- 

I The isolation of such forms of ethyl acetoacetate can be 
ihed by aseptic distillation from evacuated quartz vessels, 
ately, it proved quite impossible to retain the purity of 
of the liquids between quartz plates for the period of time 
to secure absorption spectra photographs, 
mtpmeric forms of benzoyloamphor exhibit the same 
£>f maximum absorption, but differ widely in absorptive 
the molecular extinction coefficients of the ketonic form 



TAUTOMERISM. PART I. KETO-ENOL TATTTOHERISM. 711 

and of camphor are of the same order (34—100), and the extinctions 
of the enolio modification and of dibenzoyleamphene are of the 
order 10,000—14,000. Addition of alkali causes the appearance 
of a new band, which confirms the view advanced by Lowry that 
the metallic salts of a-benzoylcamphor are co-ordinated compounds. 


Summary of Results, 


Substance. 


Ethyl acetoacetate, vapour , 
„ „ liquid ... 


» M 

99 99 

99 M 

If » 

If ft 


in ether . 
in alcohol 
in hexane 
in water 
in dil. HC1 
in NaOH 


Ethyl acetoacetate in ale. 
NaOEt .... 


Ethyl acetoacetate in ale. HC1 
„ „ in dil. aq. 

KOH . 


Ethyl acetoacetate in LiOH 

„ „ in piper- 

v idine (anhydrous) . 

Cu derivative of ethyl aceto¬ 
acetate ....... 

A1 derivative in heptane.. 

,, „ in alcohol ...... 

Mg empd. in alcohol 
Ethyl ethylacetoacetate> pure 

liquid ..... 

Ethyl ethylacetoaeetate in 
alcohol ...... 

Ethyl ethylacetoaeetate in 

water ...»... 

Ethyl ethylacetoaeetate in 

dil. NaOH ... 

Ethyl ethylacetoaeetate in 

ale. NaOEt . 

Ethyl ethylacetoaeetate in 

piperidine .... 

Ethyl ethylacetoaeetate, 

vapour *.. 

Ethyl methylacetoacetate in 
alcohol .... 


Ethyl methylacetoacetate in 

water ... 

Ethyl methylacetoacetate in 

alkali .... 

Ethyl jS-ethoxycrotonate, 
vapour .. 


A (max.). 

e (max.). 

Remarks. 

2381 

ca. 1000 

No fine structure. 

2430 

367 


2430 

High. 


2430 

2000 

Confirming Henri. 

2430 

9100 

99 99 

2550 

81*3 

99 99 

2550 

80 


2725 

11,500 

Extinction varies as 
recorded. 

27 25 

29,500 

Extinction varies with 
alkali/ester ratio. 

2430 

2,000 

2743 

High. 

Max. varies with 
alkali/ester ratio. 

2707 

High. 

Max. varies with 
alkali/ester ratio. 

2735 

150 

Low extinction in 
ketonising solvent. 

2736 

10,000 


2684 

High. 

Extinction of the order 

2687 

High. 

10,000. 

2687 

High. 


2550 

400 


2550 

680 

Henri records max. at 
2341. 

2700 

Low. 


2740 

10,000 


2810 

20,000 


2605 

Uncertain. 


ca. 2380 


No fine structure. 

2520 


Hantzsch’s data (toe* 
cit.) measured from 
published curves. 

2680 

2825 



2275 

Uncertain 
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Substance. A (max.). e (max.). Bemarks. 

Ethyl £-ethoxycrotonate, Indications 

liquid ... of band near 

2050. 

Ethyl j9*ethoxycrotonate in 

alcohol .. 2348 2880 

Ethyl jS-ethoxycrotonate in 

ale. NaOEt .. 2348 1820 

Ethyl dimethylacetoacetate, 

liquid ... 2837 Low. Film too thin to allow 

of reproducible 
values of e. 

Ethyl dimethylacetoacetate in 

alcohol ... Inflexion only. 

Ethyl dimethylacetoacetate in 

ale. NaOEt . 2840 

Ethyl dimethylacetoacetate in 

water .... Inflexion only. 

Ethyl dimethylacetoacetate in 

aq, NaOH . 2760 

Ethyl dimethylacetoacetate in 

piperidine . Inflexion only. 

Ethyl diethylaeetoacetate, 

liquid . 2848 Low. 

Ethyl diethylaeetoacetate in 
alcohol, water, or piperidine Inflexions only. 

Ethyl diethylaeetoacetate in 

aq. NaOH .. 2762 

Ethyl diethylaeetoacetate in 

ale. NaOEt . 2850 

Acetylacetone, liquid .. Continuous end 

absorption. 

„ in water ...... 2750 2200 

„ in alcohol ... 2748 9000 

„ in dil. HC1 ... 2750 2000 

„ in aq. LiOH 2917 ] 

„ in aq, NaOH 2926 » Order Extinction varies with 

„ in aq. KOH 2935 f 20,000 alkali/ester ratio. 

„ in aq, BbOH 2967 J 

„ in piperidine 2955 Not measured owing to diflieulties of 

(anhydrous) manipulation. 

„ in ale. NaOEt 2927 19,500 s ' 

Camphor in alcohol ............ 2840 34 

Dibenzoylcamphene in alcohol 2860 13,700 

2365 15,100 

a-Benzoylcamphor, ketonic 

modification in alcohol ... 3130-3145 103 

a-Benzoylcamphor, ketonic 
modification in chloroform 3125 104 

a-Benzoylcamphor, ketonic 

modification in piperidine 3240 123 

'a-Benzoylcamphor, enolic 

modification in alcohol ... 3150 10,600 

a-Benzoylcamphor, enolic 

if.: modification in piperidine 3280 10,300 

§1 a-Benzoylcamphor, enolic 

V 3275 15,250 

3072 1380 

2750 1040 

3275 4000 

3270 12,300 


L_ juu mu. 

B jylcamphor, ketonic 

Cfifieation freshly dis¬ 
ced in ale. NaOEt . 

solution after standing 
solution after some 
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The following maxima have been measured for metallic derivatives 
of acetylacetone: 


Metal. 

Solvent. 

A (max.). 

Metal. 

Solvent. 

A (max.). 

Cu 

Alcohol 

2435 and 2965 

Th 

Alcohol 

2840 


Heptane 

2445 2970 


Heptane 

2735 

Bo 

Alcohol 

2930 

99 

Ammonia -{- 

2960 

Pe® 

Alcohol 

2730 3525 4350 


alcohol 

2960 

if 

Heptane 

2720 3527 4340 

A1 

Alcohol 

2893 

Mg 

Alcohol 

2837 

if 

Heptane 

2875 


Some of the results are recorded as supplementing the work of 
Lowry and Deseh (J., 1909, 95, 807), Morgan and Moss (J., 1914, 
105, 189), and French (Proc. Roy . Soc. f 1924, A, 106, 489). 

The present investigation was completed before the appearance 
of Grossmann’s work (toe. oft). Whilst our experimental data are 
on the whole in excellent agreement with those of this investigator, 
some important differences may be noted. Grossmann does not 
record the fact that thin films of ethyl acetoacetate exhibit a band 
at 2430 A., and the existence of a band in the dialkylacetoacetic 
esters appears to have escaped his notice. 

We wish to express our thanks to the Advisory Council of the 
Department of Scientific and Industrial Research for maintenance 
grants during a part of the time occupied by the work, and to 
Professor E. C. C. Baly, C.B.E., F.R.S., for much guidance and 
encouragement. 

The Univebsity, Liverpool. [Received, December 1 §th, 1925.] 


XCVIII. — Absorption Spectra and Tautomerism. 
Part II. Ethyl Mesityloxidoxalate, Formylphenyl- 
acetate, and Diacetylsuccinate. 

By Richard Alan Morton and Edward Rogues. 

Ethyl Mesityloxidoxalate. 

Three modifications of ethyl mesityloxidoxalate have been 
isolated: (i) oe, m. p. 21°; (ii) (3, m. p. 59—60°; (iii) a dimeric 
form, m. p. 175° (Federlin, Annalen, 1907, 356, 261). These oan 
be converted into one another as follows : 

0 zzl « in the dark, equilibrium being reached after about 12 
weeks. 

a —> p —> dimeride in diffuse daylight, with precipitation of the 
dimeride from most solvents. 

The a-form develops a red colour with ferric chloride and is 
undoubtedly the enolio form (I). Olaisen at first regarded the 
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(3-form as a dihydropyrone derivative (III) {Ber., 1891, 24, 116), 
but later he formulated it as the ketone (II). 


(I-) CMe 2 :CH-C0-CH:C(0H)-C0 2 Et. 
(II.) OMe 2 :CH-0O*CH a -CO-CO 2 Et. 


(in.) 00<g ?C(C0 ^>0 


Dieckmann (Ber., 1920, 53, 1772) regards the a-form as enolio, 
but rejects the ketonic formula for the p-form, on the ground that 
the small percentage of end in the equilibrium mixture is not in 
accordance with Claisen’s rule that the velocity of enolisation and 
the enol content of the equilibrium mixture increase with increasing 
acidity of the acyl groups: moreover, the a-ester when distilled 
passes mainly into the p-ester. Dieckmann and von Auwers (Ber., 
1923, 56,1527) regard the refractometric data for the fused material 
as confirming the structure (III), and Borsche and Thiele (Ber,, 
1923,56,2132) find further confirmation in the fact that the catalytic 
hydrogenation of the a-ester is more rapid than that of the (3-ester. 

This example of tautomerism is interesting in several respects. 

(1) The equilibrium can be studied either as a reversible or as an 
irreversible one. 

(2) The (3-form can be examined under conditions such that the 
enolic tautomeride is excluded. 

(3) The relatively slow rate of change renders the course of the 
reactions amenable to speetrographic investigation. 

In the preceding paper definite conclusions have been drawn 
concerning the absorption spectra of keto-enol tautomerides. The 
results of an examination of ring-chain tautomerides are now 
recorded. We are greatly indebted to Dr. A. McGookin of this 
University,, who suggested and synthesised the compounds of this 
nature. 

Speetrographic evidence shows that keto-enol tautomerides 
exhibit absorption maxima at the same wave-length but with 
differing absorptive power. In the cases of pure ring-chain tau¬ 
tomerism without elimination of water, e,g., 


NCHrCH^Me 
yOH N-NHPh 


Q§i<sr <v.. 


(IV) shows two bands at 3600 A. and 2545 A. and (V) shows one 
band at 2790 A. Ring-chain tautomerides thus differ markedly 
4|pna keto-enol tautomerides in absorption spectra, 

dimeric modification of ethyl mesityloxidoxalate shows no 
tiye absorption and the continuous absorption is relatively 
^^pb^.;so that the presence of this form does not seriously interfere 
absorption of the (3-form in various solvents. 
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The (3-form in alcohol, hexane, or chloroform shows a well- 
defined band of high extinction coefficient, with X (max.) varying 
a little for the different solvents. The enolic modification shows 
another band of high extinction coefficient, and a less noticeable 
shift due to the solvent. When a solution of the a-form in any of 
the three solvents used was kept, the position of maximum absorp¬ 
tion shifted towards the ultra-violet and the measured absorption 
curve was the sum of the curves due to the a- and (3-forms. 

The (3-form in presence of alkali shows three bands at X (max.) 
3512, 2867, and 2450—2500 A. The first and the third are de¬ 
veloped when alkali is added to the a-(enolic) modification and are 
also shown by the pure sodium derivative. If alkali is added to 
the (3-form, the system will contain unchanged (3-ester and the 
sodium salt of the a-ester. Hence the observed curve is a summation 
of two curves, one with a maximum at 2825 A. due to the (3-ester 
and the other with maxima at 3510 and 2457 A., due to the sodium 
derivative of the a-ester. 

An alcoholic solution of the (3-compound to which a large excess 
of sodium ethoxide had been added was left on ice. Later it was 
saturated with dry hydrogen chloride, and the sodium chloride 
filtered off. The solution then showed only one band, namely, the 
3120 band due to the enolic ester. 

The spectrographic data show that the reversible a ^ (3 isomerism 
of ethyl mesityloxidoxalate resembles ring-chain tautomerism rather 
than keto-enol tautomerism. This conclusion is in agreement with 
the most recent chemical evidence. The metallic derivatives are 
probably co-ordinated compounds. 


Summary of Results . 


Substance, 

Ethyl ^-mesityloxidoxalate; 

Fresh solution in alcohol... 
„ ,* „ hexane ... 

„ ii |, chloroform 

Alcoholic solution plus 10 
equivs. of NaOEt ......... 


X (max,)* e (max,). 


2825 

12,200 

2775 

11,500 

2850 

11,500 

(3512 

13,000 

- 2867 

7,500 

2495 

7,500 


A (min,). 

e (min,). 

2275 

3800 

2310 

3300 

2460 

3700 

3010 

3700 

2320 

3400 


Ethyl a-mesityloxidoxalate; 
Fresh solution in alcohol... 

3125 

14,200 

„ n ,i hexane... 

3122 

14,000 

„ „ „ chloroform 

3125 

15,100 

Alcoholic solution plus 1 

J 3510 

16,500 

equiv. of NaOEt .* 

t 2457 

6,750 

f 3510 

18,700 

10 equivs. » .. 

\ 2457 

9,200 

100 equivs. ... 

(3510 

21,250 

12457 

9,200 


2415 3050 

2420 3900 

2475 4750 

2825 3500 

2825 3750 

2870 3800 
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Ethyl Formylphenylacetate. 

Four forms of this substance have been recorded : 

(1) Liquid, b. p. 135°/15 mm.; enolic. 

(2) Solid, m. p. 70°; regarded as an aldo-form or a 3 a geometrical 
isomeride of (3). 

(3) Solid, m. p. 100—110°. 

(4) Solid, m. p. 50° (Michael’s modification . 

Doubtless these forms are not all isomerides. Wolf (J • Physical 
Chem., 1900,4,123) has shown that by keeping the ester at different 
temperatures for long periods it can be made to melt at any tem¬ 
perature between 50° and 100°, the former temperature being a 
stable triple point in the phase diagram. The difference in m. p. 
and refractivity of the various forms is due to one or more of the 
alternatives: (1) keto-enol tautomerism, (2) stereoisomerism, (3) 
unequal degrees of association. Michael and Fuller [Annahn, 
1912, 391, 275) have adduced evidence that all the forms are 
unimolecular. The conclusion is drawn that only three forms exist 
having b. p. 125°/9 mm., m. p. 40°, and m. p. 100—103°, respectively, 
all of which are enolic, since they react with aliphatic tertiary 
amines. 

Wislicenus, however, after studying the isomerism of ethyl 
formylphenylacetate over a period of 30 years, draws the oon*. 
elusion that the only two forms possessing real existence are (a), 
b. p. 125—126°/9 mm., and ((3), m. p. 103—105°. All other “ forms ” 
he regards as mixtures of the «- and the [3-form. These he con¬ 
siders, after reviewing all the available evidence, to be cm- and 
frajM-isomerides. 

Together with his pupils he has studied the methyl formyl- 
phenylacetates and has found two modifications : (a), m. p. 40—41°, 
and (p), m. p. 91—93°. No mixtures occur. 

The oc-modifioation is undoubtedly enolic, but the (3-form presents 
difficulties, since it is doubtful whether it exists as an aldo-form or 
as st geometrical isomeride of the a-form. The two modifications 
react differently with copper acetate, and the (3-form will under no 
conditions develop a coloration with ferric chloride. The anilides 
and piperidides of formylphenylacetic acid give two modifications, 
v both of which are enolic. Michael considers that the aldo-modi- 
fioation has never been isolated and that much of the earlier work 
;||was misinterpreted owing to the fact that the (3-form can add on 

molecule of alcohol. For example, methyl formylphenylacetate- 



TAITTOMERISM. PART II. ETHYL MESITYLOXIDOXALATE, ETC. 717 

methyl alcoholate is a crystalline substance, m. p. 89—92°, which 
does not develop a colour with ferric chloride. 

Dieckmann (Ber. 9 1917, 50, 1375) concludes that the ethyl ester 
exists in the pure state only as a liquid enol, a, and a solid, m. p. 
110°, which also is enolic. 

Preparations of ethyl formylphenylacetate were examined having 
b. p. 127°/10 mm., m. p. 70°, and m. p, 100°, respectively. No 
maxima were found in the absorption curves, which were similar 
in extinction coefficient (order 7500 at 2600 A.) and inflexions 
(2600—2100). With alkali, a definite band was obtained with a 
maximum at 2740 (e max. 19,200, 22,200, 16,800). 

The interpretation of these results is somewhat difficult. Although 
ketones show well-defined maxima, in this substance the carbonyl 
group is a part of the formyl radical, so that the absence of the 
ketonio band does not prove the non-existence of an aldo-form. 
The data do not show the very large variations of e which are 
observed in keto-enol tautomerism. The absorptive powers of 
cis~ and irans-isomerides (Errara and Henri, Cornet, rend 1925, 
181, 549) for a given wave-length are in the ratio 1:1—2, generally 
near 1*0—T2. This is precisely the kind of variation observed in 
ethyl formylphenylacetate. Hence the spectrographic data strongly 
support the conclusion that the isomerism of this substance is of 
the cis- and trana-v ariety. 

Ethyl Diacetylsuccinate . 

The isomerism of this ester has been the subject of much con¬ 
troversy, Two definite modifications were isolated and examined 
spectrographically: 

Isomeride, m.p. 92° j A (max.) « 2490, e (max.) 7000. 

Isomeride, m. p. 31°; A (max.) = 2490, e (max.) 6200, 

With alkali both forms exhibit a band at A. = 2750 (e max. varying 
with the alkali/ester ratio). 

The two substances provide an interesting comparison with 
ethyl acetoacetate : 

Acetoacetate. Diacetylsuccinate, 


Enol band .;. 2430A.; e, 10,000 2490A.; e, 7600 

6250 

Koto band ... 2700A. app.; e order 100. unknown. 

Co-ordinated sodium salt A (max.) 2725. A (max.) 2750. 

Batio of extinctions ...... enol/keto — 100 :1 (order) m.p.92 0 /m.p,31 Q =1*22. 


The following results are from Henri and Errara’s work. The 






718 ABSORPTION SPECTRA. AND TAUTOMERISM. PART II. 

figures denote the ratio of e for the trans -isomeride to e for the 
m-isomeride at the wave-lengths cited. 


2300 


2500 


Fig. 1. 

2700 2900 


3100 


3300 



a Ethyl a-mesityloxidoxalate in alcohol » (6) Ethyl fi-mesityloxidoxalale in 
oh (c) Ethyl diacetylmccimte , in. p. 92°, in alcohol . (d) Ethyl diacetyl* 
succinate, m>p. 31°, in alcohol . 


Substances. 

CHC1:CHC1 

CHEt:CHBr 

CHMe:CHBr 

CHI;CHC1 


A 2520A, 

1*4 

1-15. 

1*5 

1*3 


A 2410A. 
2 

1*2 

1*5 

1*25 


Hence tH© data provide strong support for the view that the 
isomerism of ethyl diacetylsuccinate is of the ci$4ran$ type. 

One of us (E. R.) wishes to express his gratitude to the Advisory 
Council of the Department of Scientific and Industrial Research for 
a maintenance grant. We are very grateful to Professor E. 0. 0. 
Baly, C.B.E., F.R.S., whose advice and encouragement have been 
of great value to us. 

to University, Liverpool. [Received* December lUh, 1025.] 
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XCIX *—Absorption Spectra of Mesityl Oxide . 

By Biohard Alan Morton. . 

Harries (Ber., 1899, 32, 1329; Annalen, 1904, 330, 189) has 
stated that when mesityl oxide was shaken for 36 hours with a 
40% solution of sodium bisulphite, 30% of the material remained 
unchanged. The residue obtained after shaking five times with 
fresh solutions of sodium bisulphite showed a refractive index and 
a density differing in the third decimal place from those of the 
original ketone. It appeared, nevertheless, to be mesityl oxide, 
since it yielded the same cis- and ircms-oximes. Since the mesityl 
oxide regenerated from the bisulphite compound reacted com¬ 
pletely with fresh sodium bisulphite, Harries concluded that the 
phenomena were not due to tautomeric equilibrium but to a new 
type of isomerism. Experiments were therefore made in order 
to determine whether the absorption spectrum of the inactive form 
differs from that of ordinary mesityl oxide. 

Mesityl oxide synthesised from acetone by means of hydrogen 
chloride proved to be spectroscopically identical with the redistilled 
commercial material, b. p. 128°, which was used in an attempt to 
repeat the work of Harries. The results were as follow : 

(1) The whole of the mesityl oxide reacted with sodium bisulphite. 

(2) The yield of double compound was practically quantitative. 

(3) The ketone regenerated from the bisulphite compound was 
identical with the original product in respect of (a) boiling point, 
(6) absorption spectrum in the liquid state, (c) absorption spectrum 
in alcoholic solution. 

(4) Earlier results (Henri and Bielecki, Compt. rend., 1914, 158, 
567, 866, 1022; Purvis and McCleland, J., 1913, 103, 433) were 
confirmed. 

(5) Four distinct absorption bands were found. Shifts due to 
solvent occurred, but none due to vapour-liquid, the pure liquid 
ketone showing the same frequency of maximum absorption as the 
vapour. 

Summary of Data . 


Present work. 

A max. A. e max. , Other work. 

Vapour .... 3239 low Purvis and McCleland 

found A max. = 3238. 

Liquid . 3240 58 — 

Alcoholic solution . 3130 55 Henri and Bielecki 

2380 14,000 found max.=2360. 

Aqueous solution . 2440 11,000 — 

Hexane solution .. 3272 56 — 

2348 14,000 2335 

Heptane solution . 3275 50 — 

2330 14,000 — 
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It must be concluded that some unrecorded factor entered into 
the work of Harries. 

I wish to express my thanks to Professor E. 0. C. Baly, C.B.E., 
F.R.S., for his interest and advice. 

The University, Liverpool. [Received, December 16th, 1925.] 


C .—Studies of Dynamic Isomerism . Pari XXI. The 

Velocity of Mutarotation of Tetramethylglucose and 
of Tetra-acetylglucose in Aqueous Acetone . 

By Griffith Glyn Jones and Thomas Martin Lowry. 

Although it has long been known that water is an effective catalyst 
for the mutarotation of the sugars, even apart from the presence of 
basic or acidic impurities (see Part I, J., 1903, 83, 1314), there was 
until recently no clear picture available as to the way in which the 
water intervenes in order to determine the changes of structure 
which give rise to the observed changes of rotatory power. In 
particular, although it was known that the formation of a hydrate 
does not bring about any marked alteration of the rotatory power 
of a-glucose, and cannot therefore be a direct Cause of the muta¬ 
rotation of this sugar (Part III, J., 1904, 85, 1551), there were no 
experimental data to show how the subsequent molecular rearrange-, 
ment of the hydrate was effected. It was suggested, however, in a 
recent paper (Part XVIII, J., 1925,127,1371) that there is a marked 
analogy between the conditions under which mutarotation occurs 
and those which are used to promote the hydrolysis of an ester, and 
that, since mixtures of acids and bases with water are even more 
efficient catalysts than water itself, the action of the water probably 
depends on its amphoteric properties. If this view were correct, 
any solvent which can accept a proton from the sugar, and return 
it to the sugar residue, might act as a complete catalyst for the 
mutarotation. This conclusion has been verified (Part XX, J., 
1925, 127, 2883) by the discovery that an anhydrous mixture of 
pyridine and cresol is an excellent catalyst for the mutarotation 
of tetramethylglucose. 

The experiments now described were undertaken in order to 
secure information in reference to solvents which appear to diminish 
the catalytic activity of water instead of increasing it. The choice 
of acetone as a diluent was dictated by the fact that Irvine (J., 1913, 
103, 584) has found it to be a particularly easy solvent in which to 
effect an arrest of mutarotation in a methylated sugar. It was 
thought that this might be due to some restraining action of the 
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acetone upon the water or upon the other impurities which give 
rise to mufcarotation in inert solvents. We therefore anticipated 
that, .when mixed with water in various proportions, acetone would 
reduce the catalytic activity of the water more rapidly than its 
total concentration. The results recorded in Tables I and II show 
that this anticipation was amply fulfilled. Thus in a 50% mixture 
of acetone and water the velocity of mutarotation of tetramethyl- 
glucose is only about 20% of that in pure water. The water in 
this solution has therefore less than one-half of its normal activity 
in the free state. 

We have also compared the velocity coefficients in Tables I and II 
with the partial vapour pressures of aqueous acetone at 30° as 
recorded by Makovetzki (J. Buss. Phys. Chem. Soc ., 1908, 40, 226), 


Fig. 1. 



but can find no indication of any parallelism between them. In 
particular, the velocities shown in the figure appear to rise pro¬ 
gressively from the origin at 0% H 2 0, where the curves are perhaps 
tangential to the horizontal axis, whilst the dotted curve which 
shows the partial vapour pressure of water is inflected in the normal 
fashion for mixtures showing strong positive deviations from 
Raoult’s law of lowering of vapour pressure. We therefore conclude 
that the catalytic activity of the water, which is obviously not 
proportional to its total concentration, is also not a simple linear 
function of its activity as measured by its partial vapour pressure 
above the solution. 

Experimental. 

The physical constants of the tetramethylglucose used in these 
experiments have already been given (J., 1925,127,1387, footnote ); 

B B 
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they are in close agreement with those recorded by Irvine. The 
purity of the sample is, however, guaranteed even more effectively 
by the arrest of mutarotation observed in several inert solvents; 
moreover, the mutarotation constants of the sugar were not altered 
appreciably by three further crystallisations from ether and from 
petrol: 

Specific rotation, [a] 54 e r 
Initial. Final. Ratio. Vel. coeff. 


Before recrystallisation ...... 117° 95° 1*23 0*0128 

After „ . 115 94 1*23 0*0124 


The tetra-acetylglucose was prepared for us by Messrs. Boots 
Pure Drug Co., Nottingham, to whom we wish to express our thanks 
for their generous gift. The substantial purity of the specimen was 
established by analysis, but we have not been able to find any 
trustworthy figures for the physical constants of the compound. 
The melting point, 118°, given by Fischer and Delbriick (J5er., 1909, 
42, 2779) has no clear significance, since prototropic compounds 
have two different melting points, according as time is allowed for 
isomeric change to take place or not. In the case of tetra-acetyl¬ 
glucose we find that the true melting point, at which the compound 
melts in about 10 seconds when plunged into a bath heated to a 
known temperature, is 123°, as recorded by a standardised Anschutz 
thermometer graduated to 0*2°; and that the “ equilibrium tem¬ 
perature ” (Lowry, J., 1899, 75, 233), at which the compound melts 
or re-melts when heated slowly, is 110°. Since a small specimen of 
tetra-acetylglucose given to us by Professor Haworth melted at the 
same temperatures, within less than a degree in each case, we feel 
justified in putting forward these temperatures as provisional 
standards, which can be verified by comparison with values recorded 
in the future for other specimens of the purified sugar. The rotatory 
powers given by Fischer and Delbriick, [a]3f = + 2*19° to + 82*7°, 
were apparently determined at room temperature, with unpurified 
sodium light, and in alcohol of unspecified water content. We have 
not attempted to make any exact comparison with these uncertain 
data, but in our opinion the value [a] 5461 = + 6° for a 5% solution of 
tetra-acetylglucose in pure anhydrous acetone at 20° can be accepted 
provisionally as a characteristic constant of the unchanged sugar, 
since this value is permanent over a period of several hours. As in 
the case of tetramethylglucose, the purity of the sample used in our 
experiments was established most satisfactorily by the complete 
arrest of mutarotation which we have observed repeatedly in 
solutions of the sugar in an inert solvent. Since the suggestion has 
been made that the mutarotation of tetra-acetylglucose in aqueous 
acetone may be due in part to hydrolysis instead of to isomeric 
change, we have made direct experiments to test this point, but could 





PART XXI. THE VELOCITY OE MUTAROTATION, ETC. 723 

not detect any hydrolysis after a week at a temperature of about 
18°; after 10 days, the proportion of sugar hydrolysed was only of 
the order of 0-5%. After 7 months, the residues from the original 
experiments were hydrolysed to the extent of only 5%. The 
hydrolysis of the sugar can therefore have had no perceptible 
influence on the velocity of mutarotation, a conclusion which we 
had already anticipated from the steadiness of the observed end¬ 
points, since it was incredible that hydrolysis (as well as isomeric 
change) could be complete in the course of a few hours or days. 

The acetone had been purified through the compound with sodium 
iodide (J., 1913, 103, 1255). The solutions were prepared by 
dissolving about 1 g. of tetramethylglucose, or 0*5 g. of tetra-acetyl- 
glucose, in 20 c.c. of an aqueous acetone made up by weighing. 
Tetramethylglucose was examined over the whole range of con¬ 
centrations from 0 to 95% of acetone, but tetra-acetylglucose is 
almost insoluble in water and only slightly soluble in water con¬ 
taining 5% of acetone. A solution of the latter concentration was 
prepared by dissolving the sugar in acetone and adding the necessary 
quantity of water; but the constants of the mutarotation curve 
were unsatisfactory, and the values for this solution have not been 
included in the table. The very slow mutarotations in acetone 
containing only traces of water were not included in the present 
research. In order to economise space, all the individual readings 
have been omitted, but the unimolecular velocity coefficients for 
the various solutions are set out in Tables I and II, and are shown 
graphically in the figure. 

Table I. Table II. 

Mutarotation of Tetramethylglucoso Mutarotation of Tetra-acetylglucose 
in Aqueous Acetono at 20°. in Aqueous Acetone at 20°* 



Acetono, 



Acetone, 


Acotono %. 

mols. %. 

h X 10 r >. 

Acotono %. 

mols. %. 

h X 10 s . 

0 

0 

1280 

11*5 

3*7 

965 

9-25 

3*08 

934 

22*6 

8*0 

596 

19*20 

6*9 

710 

30*0 

11*6 

441 

29*7 

11*8 

487 

36*8 

15*0 

346 

41-4 

18*0 

351 

48*4 

23*5 

217 

50*0 

23*7 

246 

50*7 

24*6 

200 

54*0 

27*3 

206 

58*5 

30*6 

129 

59*0 

31*4 

177 

70*3 

42*1 

80 

07*7 

39*4 

110 

77*3 

50*7 

60 

78*7 

53*4 

60 

83*9 

61*8 

28 

82*8 

59*5 

45 




87*8 

69*8 

18*4 




95*1 

85*7 

3*0 
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01 .—Absorption Spectra of Condensed Nuclear 
Hydrocarbons . 

By Norman Stewart Capper and Joseph Kenneth Marsh. 

It was shown recently that visible absorption bands attributed 
to anthracene were due to an impurity, chrysogen (J. Amer . Ghem. 
Soc ., 1925, 47, 2847). It has now been found that other coal-tar 
hydrocarbons have been insufficiently purified for spectroscopic 
examination. Thus the four chief hydrocarbons boiling between 
275° and 360° cannot be separated by crystallisation, as they 
appear to form mixed crystals. In particular, fluorene and phen¬ 
anthrene retain traces of anthracene, which can be detected by 
its intense ultra-violet absorption. The absorption bands of the 
purified substances exhibit constant frequency differences, which 
have been attributed to the double carbon bond in the aromatic 
series (Marsh, Phil. Mag., 1925, 49, 971, 1206). Other synthetic 
hydrocarbons also have been examined. 

Purification of Phenanthrene and Fluorene from Anthracene .—A 
good commercial phenanthrene showed anthracene bands of an 
intensity corresponding with a content of about 16%, and this 
was not greatly reduced by fractional crystallisation. The melting 
point gives no trustworthy information as to the purity. In the 
fluorene used, the anthracene content was not more than 1 or 2%. 

Purification of both substances was effected by refluxing a 
strong xylene solution by the heat from a silica mercury vapour 
lamp. The light caused the anthracene present to polymerise, 
even in glass vessels. Owing to its very slight solubility, the 
dianthracene produced was readily separated, but since anthracene 
and dianthracene attain to an equilibrium repeated light treatments 
and separations were necessary. About 1% of anthracene was thus 
eliminated from Kahlbaum’s “ purest reagent ” phenanthrene. Tho 
spectra of the purified products examined in concentrated chloroform 
solutions indicated an anthracene content of about 0*01% in the 
phenanthrene and 0*001% in the fluorene. The melting point of 
the fluorene was 114—114-5°, a value higher than that commonly 
accepted. The phenanthrene melted- at 98°. The higher values 
usually quoted probably result from the eutectic mixture with 
anthracene containing very nearly 100% of phenanthrene. The 
purified material in both cases lost its visible fluorescence, even in 
strong actinic light, or in the case of phenanthrene at most only 
a slight trace remained. 

The absorption spectra were studied with a Hilger spectrophoto¬ 
meter and condensed copper spark. Little description will bo 
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necessary if the absorption curves, the photographic reproductions, 
and the table of band positions are examined. 

Phenanthrene .—Previous spectroscopists have used specimens 
containing from 0*3% (Baly and Tuck, J., 1908, 93, 1902) to 
upwards of 10% of anthracene, masking completely the true 
spectrum, which in the region above 3000 A. is some 25 times 
weaker than that of anthracene. Probably the small narrow 
band recorded at about 1/X4000 is due to the remaining trace of 
anthracene, and a very faint band at 1/X3120 to acenaphthene. 

Fluor ene. —A band found at 1/X3117 may be ascribable to the 
presence of 1% of acenaphthene. 

Anthracene, §-jphenylanthracene, and 1 : 2-benzanthracene have 
very similar spectra. Relatively to those of anthracene, 9-phenyl- 
anthracene has its bands shifted about 60 units towards the visible 
spectrum, and they are not so distinct. In 1 :2-benzanthracene, 
the weaker member of each pair appears on the red side of the 
strong band, but the first pair is very weak. In the middle ultra¬ 
violet, bands corresponding to those found in phenanthrene are 
seen. The structure may be regarded as 2 : 3-benzphenanthrene. 

On examining anthracene vapour (20 cm.) at 50° to 120°, both 
of the strongest bands were seen to have a weak neighbour on 
each side, and there was also a faint band midway between the 
two strong ones. The bands were shifted almost 100 units with 
respect to their solution positions. 

Octahydroanthracene lacks entirely the set of bands above X3000 
found in anthracene, but has several at about 1/X3500 to 3700, 
i.e., in the same region as those in other alkyl derivatives of benzene. 

Bisdijphenylene-ethylene , (C c H 4 ) 2 C.‘C(C 6 H 4 ) 2j showed only a broad 
band in the blue region, an undeveloped one at about 1/X3600, 
and another at about 4100. 

Ghrysogen.— This substance of unknown structure occurring in 
small quantities—probably less than 0*1%—in most samples of 
anthracene has an anthracene nucleus, since it is capable of 
polymerising similarly to anthracene itself. Its spectrum is dis¬ 
tinctly of the polynuclear hydrocarbon type. In fused anthracene 
the band positions are 60—80 A. nearer the red end of the spectrum. 

Other Polynuclear Hydrocarbons .—In the substances examined, 
except fluorene and octahydroanthracene, every carbon atom has 
an unsatisfied valency, and except for bisdiphenylene-ethylene 
the unsaturation is entirely aromatic in character. Leaving aside 
these three, the chief feature of the spectra is a series of rather 
narrow bands between XX3000 and 4000, which show a constant 
frequency difference of about 142 waves/mm. Previous workers 
have examined other hydrocarbons which come into the same 
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a number of narrow bands, but the regularity and sharpness are 
usually less marked, e.g. f Laszlo (Z. physikal. Chem 1925, 118 , 
369) finds band series at the intervals 154, 142-5, 147, and 138, 
for 1-methyl-, 2-methyl-, 2 : ^-dimethyl-, and 2:6-dimethyl- 
naphthalene, respectively. In phenanthrene alternate bands are 
similar and show the interval 142, the intermediate ones being 
not quite centrally situated. 

Fig. 1. 

A. 

4000 3000 2500 


3 


* 4 

S 


5 


0 

1/A w 2500 3000 3500 4000 4500 

- Anthracene , . 1: ^Benzanthracene. — * — 9 -Phenyl* 

anthracene .- Octahydromthracene. - Phenanthrene . 

- Fluorene. 

Besides the series of five or six bands already mentioned, most 
of the substances give other bands farther in the ultra-violet and 
of greater intensity. There is usually one well marked, with, on 
the more refrangible side, other less distinct bands, again at intervals 
of 142 units. Phenanthrene and 2 : 3-benzphenanthrene (1: 2-benz- 
anthracene) have also a third intermediate region. 

Discussion of Results . 

By removing all anthracene from phenanthrene and fluorene, 
entirely new absorption curves for these two substances have 
.been found. Fluorene now gives a spectrum similar to that of 
o-xylene or other simple substituted benzene derivative. Phen- 
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anthrene presents a spectrum differing from that of anthracene in 
strength, band position, and arrangement. Hyatt (Physical Rev., 
1922, 19, 391), employing the same methods as ours, measured 
16 bands for anthracene. Three of these not now observed were 
possibly due to phenanthrene. We do not find that the remainder 
can be divided into a series at intervals of 147 and another at 142. 
Both our series run at intervals of 142. The spectral type of bis- 
diphenylene-ethylene differs completely from that of the other 
polynuclear hydrocarbons. The strong red colour is associated 
with the ethylenic bond, disappearing on its reduction, and it 
constitutes with its neighbours the characteristic system of the 


visibly coloured fulvenes, 


The spectrum of stilbene, the simplest example of a substance 
containing an ethylenic bond between benzene nuclei, consists of 
a single broad band at about X3300 : in phenanthrene this double 
bond becomes aromatic, and half-a-dozen narrow bands occupy 
the same region. Thus the effect of an ethylenic bond is to cause 
the fusion of the aromatic bands. Another substance having an 
absorption curve very similar to those of bisdiphenylene-ethylene 
and stilbene and in a position intermediate between them was 
examined by Purvis and Homer (J., 1909, 97, 1155). It was a 
product of the reaction between tetrabromoethane and naph¬ 
thalene. They concluded, largely on spectroscopic evidence, that 
it was 1:2:7: 8-dibenzanthracene. Its spectrum, however, is 
entirely different from what we have found for 1 : 2-benzanthracene 
and would be the only deviation from the type characteristic of 
the class of substances to which their formula would relegate it. 
Ethylene dibromide and naphthalene were considered to give rise 
to s-di-a-naphthylethane (I), which then broke down to picene. 
Tetrabromoethane and naphthalene might therefore give rise to 
the substance (II), and this would be much more likely to give a 
spectrum with broad bands than would a substance having the 
suggested formula (III). 


AA^AA 
\/\/ (L) \/\/ 


\_y 

/ \. 


3H-: 


/\ (HI.) 


\_/ . 

!H_/ \ \/W 


(II.) 


■coo 


) 


Relationship to Infra-red Spectra .—It does not seem possible to 
offer any detailed explanation of the differences which make all 
these closely related spectra individually characteristic, but the 
cause of the similarity constituting the spectral type found in this 
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group of hydrocarbons must be some common factor, and there¬ 
fore one or more of the following : (a) a benzene ring, (6) a C~C 
linking, (c) a CH: group. These possibilities will be considered 
with reference to the known features of the infra-red spectra of 
these or similar substances. Coblentz (Carnegie Inst. Publication , 
No. 35, 1905), from a study of some thirty hydrocarbons, concluded 
that characteristic absorption maxima due to methyl and methyl¬ 
ene groups are found at 3-43, 6*86, 13*6—13*8, and 14 Weniger 
(Physical Rev ., 1910, 31, 388) gives also a band at 7*3^. In the 
aromatic series, Coblentz gives the following bands as characteristic 
of benzene : 3*25, 6*75, 8*68, 9*8, 11*8, and 12*95 pt. The first 
two and the last are identifiable with bands in hydrocarbons of 
the aliphatic series, but, owing to the unsaturation of the carbon 
atom of the CH: group, their frequency is increased somewhat. 
Thus the 3 jjl band has the value 3*08 for acetylene, 3*25 for benzene, 
3*28 for ethylene, and 3*39 for ethane. 

The strongest bands of ethylene are: 

A . /2I \ 10-5 6-98 5*3 3*28 

1/A . V47-6y 95*24 143*3 188*9 304*9 

Diff. 47*6 48*1 45*6 — 

Except the last, these are evidently multiples of a band which 
should occur at 1/A47-6, and may be considered as due to CIC. 
In benzene vapour, is a series of bands at intervals of 15*9, i.e 
47*6/3; in naphthalene, the series interval is 47*4 and in the heavier 
hydrocarbons 142, i.e., 47*4 x 3. The ethylene band 6*98 y. 
occupies also the position of a CH-band. The fifteen aliphatic 
hydrocarbons examined by Coblentz show, as consistently the 
most prominent in their spectrum, two bands at about 6*86 and 
7*33 pt. The frequencies (145*8—136*4 waves/mm.) are just what 
are found to be the intervals between the ultra-violet bands of the 
polynuclear hydrocarbons. Experimental difficulties have pre¬ 
vented thorough investigation of the infra-red spectra of the solid 
aromatic hydrocarbons. Stang (Physical Rev., 1917, 9, 342), 
however, has examined naphthalene and several of its derivatives 
and finds a band at 7*19^ (1/X139T) to be among the strongest 
in the spectrum. It remains therefore an open question as to 
whether this common frequency difference is due to CH: or CIC, 
but probably* it is a frequency to which both can resonate and 
for this cause it dominates the infra-red and ultra-violet spectra. 
Indeed, if any sort of harmonic motion is to be preserved in the 
molecule, it is necessary that different oscillations should be in 
tune with one another, and that the relative frequencies must be 
expressible as whole numbers. 

BB* 
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We are much, indebted to Mr, E. de B. Barnett for supplying very 
pure samples of the three anthracene derivatives examined. 

The Sir Donald Currie Laboratories, Queen’s University, 

Belfast, Northern Ireland. [. Received, December 5th, 1925.] 


OIL— The Interaction of Nitric Oxide and Hydrogen 
and the Molecular Statistics of Termolecular 
Gaseous Reactions . 

By Cyril Norman Hinshelwood and Thomas Edward Green. 

The only known termolecular gaseous reactions are : 

2NO+Cl2 = 2NOCl (Trautz, anorg. Chem 1914, 88, 285). 
2NO+Br 2 = 2NOBr (Trautz and Dalai, ibid., 1918, 102, 149). 
2NO + 0 2 = 2N0 2 (Bodenstein, Z. physical. Chem., 1922, 100, 
68 ). 

We have succeeded in measuring a homogeneous change between 
nitric oxide and hydrogen in the region of 1100° Abs., which proceeds 
in accordance with the equation 

- «pro]/<# = &[no] 2 [h 2 ].(i) 

and is thus termolecular. 

The ultimate result of the interaction being expressed by the 
equation 

2NO + 2H 2 - N 2 + 2H 2 0, 

it must be supposed that the action takes place in stages thus, 

2NO + H 2 = N 2 + H 2 0 2 

H a 0 2 + H 2 == 2H 2 0 

or 2NO + H 2 = N 2 0 + H 2 0 

N 2 0 + H 2 = N 2 + H 2 0, 

the second stage in either of the alternatives being a rapid reaction 
subsequent to the main change of which the speed is measured. 

There are reasons why this new reaction possesses considerable 
interest. These may be briefly outlined as follows. 

The majority of known gaseous reactions are bimolecular. The 
application of the kinetic theory of gases leads to a simple explana¬ 
tion of these. The molecules which react are those which collide 
while they possess the “ energy of activation/ 9 which can be found 
from the temperature coefficient of the reaction velocity. When 
the total number of collisions taking place in unit time is multiplied 
by er EtRT , a fraction representing the chance that the energy 
of the colliding molecules shall exceed the energy of activation, E, 
a number is obtained which is very nearly equal to the number of 
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molecules which actually undergo chemical transformation. Thus 
the possession of the energy of activation seems to be the only 
important factor in bimolecular reactions. Since the number of 
collisions depends on the molecular diameter, and since all molecular 
diameters are of the same order, 10" 8 cm., the rate of a bimolecular 
change is chiefly determined by the value of e~ ElRT . We find, 
therefore, that different bimolecular reactions attain approximately 
equal rates at temperatures which make EjRT respectively the 
same for each (Hinshelwood and Hughes, J., 1924, 125, 1841; 
Hinshelwood and Thornton, Phil. Mag.> 1925, 50, 1135). 

A bimolecular gaseous reaction which takes place with con¬ 
veniently measurable velocity in the neighbourhood of 350° Abs. 
will have a heat of activation of about 20,000 calories, at 700° Abs. 
about 40,000 calories, and one which attains an equal speed at 
1000° Abs. will have a value of about 60,000 calories. No exception 
is known to this rule, so that if we know the rate of a bimolecular 
reaction at a given temperature we can form a fairly accurate 
estimate of the heat of activation. 

From the point of view of the molecular statistics of chemical 
change termolecular reactions are of special interest, since they 
depend on the rather rare event of a collision between three mole¬ 
cules. Bodenstein estimates the frequency of termolecular collisions 
to bear about the same proportion to the frequency of bimolecular 
collisions as the molecular diameter bears to the mean free path. 
At atmospheric pressure, the mean free path is of the order 10~ 5 cm., 
and since the molecular diameter is of the order 10" 8 , ternary 
collisions should be about 1000 times less frequent than binary 
collisions. Thus if we have a bimolecular reaction and a termole¬ 
cular reaction with equal heats of activation, the rate of the termole¬ 
cular reaction should be at least 1000 times smaller than that of the 
bimolecular reaction at the same temperature. It will probably be 
more than 1000 times slower, since a considerable number of the 
ternary collisions are likely to be ineffective simply on account of 
unfavourable orientation of the molecules during impact. Taking 
this into consideration, it appears that the factor may be nearer 
10,000. 

Conversely, if a termolecular reaction and a bimolecular reaction 
were to take place at equal rates at the same temperature, then the 
heat of activation of the termolecular reaction would need to be the 
smaller by an amount &E, such that e^ E1RT = 1000 to 10,000. 
Thus, other things being equal, the heats of activation of termole¬ 
cular reactions ought to be about 5000 calories less at the ordinary 
temperature and about 15,000 calories less at 1000° Abs. than those 
of bimolecular reactions. 


BB* 2 
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A bimolecular reaction which would take place at a rapid but 
measurable rate at the ordinary temperature would have a heat, of 
activation of 12,000 to 15,000 calories, a termolecular reaction 
might therefore be expected to have one of 5000 to 10,000 calories. 
This would mean a very small temperature coefficient. Another 
factor enters, however, in this case, for Bodenstein found that the 
reaction 21STO + 0 2 = 2NO s , instead of having a small positive 
temperature coefficient, had actually a very small negative tem¬ 
perature coefficient. This he attributed to the diminished “ duration 
of collisions ” at higher temperatures, which decreases the chance 
that two molecules shall still be within molecular distance of each 
other when a third approaches to complete a ternary collision. 
This factor is enough just to invert the small positive temperature 
coefficient which would otherwise be found. The other two ter¬ 
molecular reactions have in fact very small positive temperature 
coefficients. This new factor, therefore, is equivalent to the 
reduction of the apparent heat of activation by 5000 calories or so. 

Trautz has an alternative explanation of Bodenstein’s result. 
The reaction is supposed to be a bimolecular one between N 2 0 2 and 
0 2 . But since [N 2 0 2 ] is proportional to [NO] 2 , the reaction is 
kinetically termolecular. The negative temperature coefficient is 
due to the increasing dissociation of N 2 0 2 at higher temperatures. 
The apparent heat of activation would thus be equal to the difference 
between that of the bimolecular reaction between N 2 0 2 and 0 2 and 
the heat of dissociation of N 2 0 2 ; and actually this difference comes 
out to be a small negative quantity. 

Whichever way of regarding the matter is preferred—and there is 
not really much difference between the transitory existence of 
N 2 0 2 and a collision of finite duration between two molecules of NO 
—it is clearly of interest to examine the behaviour of a termolecular 
reaction which takes place at a much higher temperature, say in 
the neighbourhood of 1000° AbB. A bimolecular reaction which 
proceeded at a conveniently measurable speed at this temperature 
would have a heat of activation of approximately 60,000 calories. 
A termolecular reaction should therefore have one about 20,000 
calories less. 

The predicted heat of activation is thus about 40,000 calories. 
We find actually the heat of activation of the termolecular 
reaction between nitric oxide and hydrogen to he 44,000 calories. 
This result seems to show that termolecular reactions can be inter¬ 
preted satisfactorily in terms of the simple kinetic theory, and to 
provide further evidence that the energy of activation is a quantity 
with a real physical meaning. 

It is perhaps significant that the four termolecular reactions now 
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known all involve the participation of two molecules of nitric oxide. 
It may be simply coincidence, or it may be that the “ duration of 
collision ” is greater in encounters between molecules of nitric 
oxide than in encounters between other molecules, so that there is 
more chance of the third molecule arriving in time. Some may 
prefer to call this phenomenon, assuming it to be a real one, 
formation of N 2 0 2 . 

Preparation of the Oases .—The hydrogen used was electrolytic 
and was purified from oxygen by passage over a hot platinum wire; 
it was then dried with phosphoric oxide. The nitric oxide was 
prepared in a state of purity by the “ nitrometer ” reaction and 
stored in contact with concentrated sulphuric acid in the vessel in 
which it was made. 

Apparatus and Method of Measurement .—Since the reaction is 
attended by a decrease in pressure, a simple manometric method 
can be employed. It is necessary, however, to prevent the con¬ 
densation of the steam which is produced. This was done in the 
following way. The reaction vessels were of clear fused silica, 
260 c.c. and 155 c.c. in capacity, respectively. The bulb was sealed 
to a long T-piece of fine silica capillary tube, which communicated 
with the manometer. The whole of this T-piece was heated to 
about 140°. Under these conditions, when the reaction took place 
in the heated bulb, no water vapour diffused through the length of 
capillary tube and condensed in the cooler part of the apparatus 
such as the capillary of the manometer itself. The silica capillary 
tube was joined to the glass parts of the apparatus by means of stout 
rubber joints. It was arranged that the silica and the glass made 
good contact beneath the joints, and careful observation showed 
that no disturbance of any kind arose from the presence of these. 
They were quite cold. The escape of hydrogen through the walls 
of the silica bulb at the temperature of the experiments was known 
from independent experiments to be negligible. 

The arrangement of the apparatus is obvious from Fig. 1. A is the 
reaction bulb, heated in an electric furnace, the temperature of 
which was controlled by a thermo-couple and kept constant to 
about a degree by hand regulation of the heating current. The 
thermo-couple was standardised as described in previous papers 
(J., 1924, 125, 393). B is a reservoir in which the gases could be 
mixed before being allowed to stream into the reaction vessel. In 
some of the experiments it was omitted. 

It was ascertained by direct experiment that the reaction tended 
asymptotically to the theoretical “ end-point ” and that diffusion 
of water vapour from the heated region did not occur during the 
time of an ordinary experiment. 
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Kinetics of the Reaction .—The main series of experiments were 
made at 826° C. This approaches t the highest temperature at 
which experiments can be made accurately. The conclusions 
drawn about the nature of the reaction are as follows. It is almost 
entirely homogeneous at higher pressures, and is of the third order, 
its rate being proportional to the square of the pressure of the nitric 
oxide and to the first power of that of the hydrogen. At lower 
pressures, where the reaction is slower, it is less exactly of the third 
order, and, moreover, the straight line obtained by plotting the 
initial rate of reaction against the pressure of hydrogen does not pass 
exactly through the origin. These facts indicate that a certain 
amount of heterogeneous reaction takes place concurrently with 


Fig. 1. 



the homogeneous reaction. The heterogeneous chango, as would bo 
expected from the strong adsorption of hydrogen by silica, is 
probably almost independent of the hydrogen pressure. This assump¬ 
tion would explain also the failure of the reaction to follow the 
equation of a third-order reaction exactly at the lower pressures. 
These conclusions are confirmed by the addition of powdered silica 
to the reaction vessel to test for the existence of a surface reaction. 
There was found to be some, but it accounted for a small fraction 
only of the total change. 

The results were very satisfactorily reproducible. For example, 
experiments 4, 5, and 31 of the whole series, which were made with 
the same pressures of nitric oxide and hydrogen, respectively, gave 
almost exactly superposable curves. This is in pleasing contrast 
with what is found when the reaction is one which takes place on the 
Surface of the silica. A typical experiment is recorded below and 
others are shown in the curves of Fig. 2. 
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Temp. 826°. Initial pressure of NO = 406 mm. Initial pressure of H a » 

289 mm., t is the time in seconds, and x the change of pressure in mm. 

t . 8 13 19 26 33 43 54 69 87 110 140 204 310 oo 

a . 10 20 30 40 50 60 70 80 90 100 110 120 127 144*5 

The Order of the Reaction .—The following experiments were made 
with equimolecular amounts of nitric oxide and hydrogen, r is the 
time in seconds required for half the reaction to complete itself, 



0 30 60 90 120 150 180 210 240 270 


Time in seconds. 

Interaction of nitric oxide and hydrogen at 826° C. 

Since the rate of reaction depends upon the square of the NO concentration but 
the first power only of the H a concentration , a high pressure of nitric oxide has 
rmch more effect than a high pressure of hydrogen. 

a is the initial pressure in mm. of each gas, and n is the reaction 
order calculated from the equation (a 1 /<z 2 ) n ~ 1 = t 2 /t x . 


Or 


G5 a . 

T a* 

n . 

354 

81 

202 

224 

2*81 

340*5 

102 

288 

140 

2-89 

340-5 

102 

243 

176 

2*62 

375 

95 

251 

180 

2*60 


The reason why n falls a little under 3-0 will be discussed below. 

Influence of the Pressure of the Separate Gases .—(a) Nitric oxide. 
Experiments were made in which a fixed initial pressure of hydrogen 
was used and various initial pressures of nitric oxide. Curves were 
plotted on a large scale and the initial rate of reaction was found by 
drawing tangents. The following figures show that the rate is 





736 


HINSHELWOOD AND GREEK : 


proportional to the square of the nitric oxide concentration. The 
initial pressure of hydrogen was 400 mm, in each instance. 


[NO]. 

[NO]. 

[NO] 2 . 

Rate of reaction. 

Rate of reaction. 

(mm.). 

Relative. 

Relative. 

(mm./lOO see.). 

Relative. 

359 

2*38 

5-57 

150 

6-00 

300 

1*98 

4-12 

103 

3‘92 

152 

1*00 

1-00 

25 

1-00 


A corresponding series of experiments made with a fixed initial 
pressure of hydrogen equal to 300 mm. gave the results 

[NO]. [NO]. [NO] 2 . Rate of reaction, 

(mm.). Relative. Relative. Rate of reaction. Relative. 

400 1*73 3-00 174 3-86 

310 1*34 1-80 92 2-05 

232 1-00 1-00 45 1-00 

(b) hydrogen. In one series of experiments the initial pressure 
of nitric oxide was 400 mm. 


[HJ 

[HJ. 

Rate of reaction 

Rate of reaction. 

(mm.). 

Relative. 

(mm./lOO sec.). 

Relative. 

289 

1-97 

160 

2-02 

205 

1-39 

110 

1-39 

147 

1'00 

79 

1-00 


In the second series, the pressure of nitric oxide was 300 mm. [The 
reaction is slower in the ratio (300/400) 2 for equal hydrogen 
pressures.] 


[HJ ..... 404 302 244 147 117 104 

Rate of reaction .. 103 85 72 59 52 45 


These figures give a straight line when plotted, but the line does 
not pass exactly through the origin. The explanation of this lies 
in the fact that there is a small amount of surface reaction nearly 
independent of the pressure of hydrogen. This is what makes the 
experimentally determined order of reaction slightly less than 3*0. 
The effect is scarcely noticeable when there is a high pressure of 
nitric oxide, so that the speed of the gas reaction is great. 

Influence of the Reaction Products .—We propose to investigate 
further the influence of inert gases on the rate of reaction, A 
preliminary investigation of the effect of the reaction products, 
steam and nitrogen, was made in the following way. Pairs of 
experiments were selected in which the nitric oxide and hydrogen 
were present in equimolecular proportions. A curve showing the 
amount of change at different times was first plotted from the results 
of the experiment in which the initial pressure was the greater. A 
point on this curve could be found at which the pressures of unchanged 
nitric oxide and hydrogen were the same as the initial pressures 
in the experiment with smaller initial pressures. This point was 
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used as the origin in plotting the results of the second experiment. 
The two curves proceeding from the new origin corresponded to 
reactions taking place under exactly the same conditions except 
that in one known amounts of the reaction products were present 
initially. In general, the curves nearly coincided; if anything, the 
products had a very slight accelerating influence, but it cannot be 
described as a first-order effect. 

The Termolecular Velocity Coefficients .—The reaction follows the 
equation (1). If a is the initial pressure of nitric oxide and b that 
of hydrogen, this becomes 

dx/dt = Jc(a — x) 2 (b —- a?), 

whence 

, _ 1 . b(a - x) I (1 _1_\ 

(a — 6) 2 a(b — x) (a — b)\a a — x) 

It is convenient to record results in terms of the period of half¬ 
change, t. If hydrogen is in excess, half-change corresponds to 
x 5= a/2. Thus 

k = T {(6 - a) 2 log (26 - a) + a(b - a)f 

When nitric oxide is in excess, half-change corresponds to 
x — 6/2. Then 




If .J— 

r \(a — 6) 2 



(6 — a) \a(2a — b)/J 


Finally, when the two gases are in equimolecular proportions, 
k - 3/(2ra 2 ). 

The following table shows the constancy of k when [NO] and 
[H 2 ] are varied considerably. The temperature was 826° C. 


[NO]. 

pay. 

r (secs.). 

k X 10 7 . 

299 

244 

112 

1*24 

310 

302 

129 

1*19 

300 

404 

100 

1*09 

293 

402 

100 

Ml 

406 

289 

57 

1*21 

402 

201 

46 

1*23 

405 

147 

50 

1*06 

404 

209 

49 

1*21 

299 

147 

66 

1*60 

175*5 

208*5 

254 

1*50 

178 

220 

238 

1*45 

232 

313 

152 

1*19 


[NO]. 

[H 2 ]. 

r (secs.). 

k x io 7 . 

110 

316 

270 

1*19 

152 

404 

204 

0*91 

359 

400 

89 

1*12 

144 

323*5 

227 

1*10 

298 

280 

125 

1*35 

181 

209*5 

264 

1-39 

378 

376 

98 

1-08 

370 

376 

92 

1-17 

253 

250 

180 

1*31 

340*5 

340*5 

102 

1*27 

243 

243 

176 

1-44 

288 

288 

140 

1*29 


The increase in k at lower pressures is due to the existence of the 
small amount of heterogeneous reaction. 

Influence of Surface .—The results already described lead us to 
suspect that a certain amount of surface reaction goes on con¬ 
currently with the gaseous change. A series of experiments was 
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made in a smaller silica bulb containing some powdered silica. A 
summary of these is given below. The temperature was 826° as 
before. 


Av. value of h for expts. in which [NO] and [H a ] were both 

greater than 300 mm.«. 

Compare av. value for larger, empty bulb . 

Av. value of h for expts. in which [NO] and [H 2 ] were both 
greater than 200 mm. but not greater than 300 mm. ... 
Compare av. value for corresponding expts. with the empty 


M8 X 10~ 7 
M7 X 10- 7 

1-66 X 10“ 7 

1-30 X 10- 7 


This confirms our conclusions, and indicates that at pressures above 
300 mm. of each gas the reaction is almost entirely homogeneous. 

The smaller bulb was now packed nearly half full with powdered 
silica. Its catalytic activity towards the decomposition of ammonia 
—a typical heterogeneous reaction—was about twenty to thirty 
times greater than that of the larger, empty bulb used in the main 
series of experiments. At a pressure of 270 mm. of nitric oxide and 
of hydrogen, the value of k was now found to be 2*5 X 10~ 7 , or 
about doubled, as compared with the twenty- to thirty-fold increase 
produced in the rate of decomposition of ammonia. The hetero¬ 
geneous reaction must therefore be a small part of the whole change. 
These results can only be regarded as qualitative, since the catalysis 
of the ammonia decomposition is very erratic and cannot be taken 
as a strictly quantitative measure of the surface area. At tem¬ 
peratures about 100° lower, the surface reaction was relatively 
slightly more in evidence, but not very markedly so. 

Influence of Temperature .—Three series of experiments were made, 
two series with the empty bulb, of which the second is the better, 
since the pressures were higher in all the experiments (greater than 
300 mm.), and a third series in the smaller bulb packed with powdered 
silica. The object of the last series was to find how the proportion 
of surface reaction varied with temperature, and thus discover what 
error, if any, would be introduced into the value for the heat of 
activation determined from the experiments made in the empty bulb. 

The first series extended over a range of seven temperatures from 
652° to 834° C. The value of E was found to be 42,000 calories. 
The Arrhenius equation was used in the usual manner. 

The results of the second series are given below. 


i°C . 826° 788° 751° 711° 683° 631° 

V ( av .). 476 276 130 69 26*3 6*3 


V is the velocity coefficient expressed, not as before with the 
concentrations in mm., but with these converted into gram-mole¬ 
cules per litre. The time is in seconds. By plotting log h against 
reciprocal of [t + 273) a value of E is found* equal to 44,000 
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calories. This second value is the better. We adopt it rather than 
the average value 43,000. 

The third series gave the results 


t . 827° 785° 745® 7X8° 684° 

7/. 1446 692 415 280 90 


From these the value found for E is 39,000 calories. In these last 
experiments rather more than half the reaction was probably 
heterogeneous, yet the value of E was only changed from 44,000 to 
39,000 calories. Hence we may conclude that the correction to be 
applied to the value 44,000 for the small fraction of surface reaction 
is negligible. 

Conclusion .—We may therefore conclude that the reaction which 
takes place at 826° C. between nitric oxide and hydrogen is almost 
entirely in the gaseous phase, and that the velocity coefficient of the 
homogeneous reaction is within 10% of 1-0 X 10” 7 when the 
concentrations are expressed in millimetres of mercury and the 
time in seconds. The heat of activation of the gaseous reaction 
is 44,000 calories. We consider that it is justifiable to use these 
values in considerations of the molecular statistics of the reaction. 
From this point of view the reaction possesses much interest. But 
the presence of some surface reaction makes it rather unsuitable for 
studies much more detailed than the general one we have described. 
We are now investigating the catalytic reaction at the surface of 
platinum. 

Summary . 

The interaction of nitric oxide and hydrogen in the region 1000° 
to 1100° Abs. is a termolecular reaction proceeding in accordance 
with the equation — d[T80]/dt = &[NO] 2 [H 2 ], At pressures above 
300 mm. of each of the gases, it is almost entirely homogeneous, but 
there is a small amount of surface reaction which becomes relatively 
more important at lower pressures. The heat of activation of the 
gaseous reaction is 44,000 calories. The molecular statistics of 
termolecular gaseous reactions are discussed from the point of view 
of the theory of activation. 

It is pointed out that all the termolecular gaseous reactions now 
known involve the participation of two molecules of nitric oxide. 

Physical Chemistry Laboratory, 

Bailiol College and Trinity College, 

Oxford. [Received, December 22nd, 1925.] 
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CIIL —Synthetical Work on the iso Quinoline Alkaloids • 
Part I. Substituted o-Carboxyphenylethylamines • 

By George Alfred Edwards. 

This communication is concerned with the preparation and properties 
of substances obtained in a preliminary investigation of possible 
methods of preparing (3-(4 : 5-dimethoxy-2-earboxyphenyl)ethyl- 
methylamine (I), and of similar substances required in connexion 
with proposed syntheses of alkaloids of the cryptopine type. 

Laudanosine appeared to be a possible source of this amino-acid, 
since Pyman (J., 1909, 95, 1272) had shown that the lactam, 
6: 7-dimethoxy-2-methyldihydro^c?quinolone (II), was obtained by 
its oxidation. He further showed that on more gentle oxidation 

CH 2 -CH 2 -NHMe CH 2 CH 2 

MeO/'V' MeO/V^CH, MeOf /N '/\cH 2 

MeOl IC0 a H MeO^/L^Me MeO' I £ Me 

CO CH-OH 

(I.) (XI.) (III.) 


1 -hydroxy-6:7-dimethoxy-2-methyltetrahydro^oquinoline (III) was 
produced, and that it reacted in many respects like hydrastinine, 
which differs from it structurally only in containing the methylene- 
dioxy-group in place of the two methoxy-groups. Freund (Ber. y 
1889, 22, 1156) found that hydrastinine gave a benzoyl derivative 
in which the tetrahydropyridine ring had presumably been 
opened, and on oxidation gave what was probably J^-benzoyl- 
p-(4 : 5-methylenedioxy-2-carboxyphenyl)ethyImethylamine (IV). 
Attempts to benzoylate substance (III), however, resulted in the 
conversion of the benzoyl chloride into benzoic anhydride, the 
i/'-base acting merely as a catalyst. 



In the proposed synthesis of cryptopine, the substance (I) was to 
have been esterified and condensed, in presence of sodium ethoxide, 
with homopiperonylonitrile, (CH 2 0 2 )C 6 H s *CH 2 *CN, or a derivative 
of it with a substituent in the ortho-position to the ~CH a *0N group* 
Attempts to prepare this nitrile from homopiperonal by Semmler 
and Baxtelt’s method (Per., 1908, 41, 2751) gave minute yields, 
valueless for synthetic purposes. Interaction of piperonyl bromide 



isOQTTINOLHTE ALKALOIDS, PART I. 


741 


and alcoholic potassium cyanide led to piperonyl ethyl ether, 
CH 2 I0 2 'C 6 H3*CH 2 *0*C 2 H 5 . The nitrile was most conveniently 
prepared by condensing piperonal with hippuric acid, hydrolysing 
the resulting so-called azlactone to piperonylpyruvic acid (Kropp 
and Decker, Ber., 1909, 42, 1188; compare Buck and Perkin, J., 
1924,125,1680), and treating the oxime of this with acetic anhydride, 
whereby the nitrile was produced by loss of carbon dioxide and 
water, 

Homopiperonylonitrile condenses with the t/r-base (III) in warm 
alcohol. The product, 6 : 7 -dimethoxy-\(Z f : 4'-meihylenedioxy-<&- 
cyanobenzyl)-2-methyltetrahydromoquinoline (V) does not give a 
benzoyl derivative under any of the normal conditions of benzoyl- 
ation, and after several unsuccessful attempts to open the ring 
between the 1-carbon atom and the nitrogen, this line of attack was 
abandoned. 

The direct synthesis of the required amino-acid (I) from m-opianic 
acid was next tried. The only suitable method for preparing 
m-opianic acid in the quantities required for synthetic work is that 
of Fargher and Perkin (J., 1921, 119, 1724), which makes use of 
creosole. Only a small quantity of this being available, a pre¬ 
liminary investigation was made with the more readily accessible 
opianic acid (Edwards, Perkin, and Stoyle, J., 1925, 127, 197), 
three methods of converting it into the required type of substance 
being examined. 

Opianic acid condensed with nitromethane to give a substance (VI) 
which on reduction yielded the lactone of §-hydroxy-$~{2-carboxy- 
3: 4r.-dimethoxyphenyl)ethylamine hydrochloride (VIII). The base 


MeO CO 

CEL-I 


MeO C0 2 H 


MeO/V 7 


CH-OH 


MeO CO 

“fYo 

\/\/ 

OH 


(VIII.) 


,-nh 2 ,hci 


corresponding to this was formed on treatment with one molecular 
proportion of cold alkali, whilst hot alkali gave the amino-acid 
itself (VII). The latter, on being heated alone or in tetralin, lost 
water and ammonia, leaving a nitrogen-free, resinous substance, and 
treatment with reagents which attack the amino-group resulted in 
the formation of derivatives of the amino-lactone (VIII). The poor 
yields obtained by this method are probably due to the decom¬ 
position of the condensation product by the acid reducing agents. 

Opianic acid condensed with malonic acid to give meconine- 
acetic acid (IX) (Liebermann, Ber,, 1886, 19, 2290), the amide of 
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which in the Hofmann reaction, when carried out under the con¬ 
ditions used by Decker (Annalen, 1913, 395,291) in the preparation 
of substituted phenylethylamines from phenylpropionamides, gave 
about a 30% yield of the amino-acid (VH). The alternative 
Curtius reaction proceeded quite smoothly as far as the carbamate 
(X), which proved unexpectedly stable towards acid hydrolysing 
reagents, boiling concentrated hydrochloric acid leaving it 
unchanged. When the hydrolysis mixture was heated in a sealed 
tube at 140—150°, hydrolysis of the carbamate was accompanied by 
that of the two methoxy-groups, the product being $-hydroxy- 
$-(2-carboxy-3 : 4=-difiydroxyphenyl)ethylamine (XI). This is a typical 
catechol derivative, giving an intense green coloration with ferric 
chloride and oxidising rapidly in air. It is similar in properties to 
the amino-acid already described. In the cold, sodium hydroxide 


MeO CO 



MeO CO 


¥ H 

CH 2 -NH-COoEt 

(X.) 


OH COoH 

h <Y 

\/\ 


CH-OH 
CH 2 -NH 2 


(XI.) 


merely opened the lactone ring of the carbamate (X), but a boiling 
solution removed the carbethoxy-group as well. The resulting 
solution on careful neutralisation slowly deposited the amino- 
acid (Vn). 

Of the three methods discussed above, the Curtius reaction gives 
the best yield, viz., 40% of the theoretical, calculated on the quantity 
of opianic acid taken. 

The amino-acid (VH) was converted into the benzylidene com¬ 
pound (XII), the methiodide of which, on hydrolysis, yielded the 
lactone of p -hydroxy -[3 - (2 -carboxy -3 : 4:-dimethoxyphenyl)ethylmethyl- 
amine hydriodide (XIH). On opening the lactone ring, the corre¬ 
sponding amino-acid was formed; it at once passed into its lactone 
on treatment with mineral acids or with reagents which attack the 
amino-group. 


MeO CO 

“-YYYxu., 

\/\/ 

CH-CH 2 -N:CHPh 


MeO 
MeO/ 


CO 

/\ 

O (XIII.) 

CH-CH 2 -NHMe,HI 


Benzenesulphonyl derivatives of the amino-acids may be prepared 
by treating the sodium salts with benzenesulphonyl chloride and 
caustic soda. The dimethylation of the product and the con¬ 
densation of the ester group with the reactive methylene group in 
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such substances as phenylacetonitrile and phenylacetic ester will 
be dealt with in a later paper. 

m-Opianic acid condensed best with malonic acid when dissolved 
in pyridine containing a trace of piperidine. The product, 
m-7 neconineacetic acid (XIV), was converted by the mo difi cation of 
the Curtius reaction already described into (3-hydroxy-(3-(4:5-di- 
methoxy-2-carboxyphenyl)ethylamine (XV). This was methylated 


MeO 


,/y 


co 2 h 


CO 

Me °i / y x o 

MeO\/\/ MeO\/\ 

CH CH-OH 

CH 2 -C0 2 H CB^-NH 2 

(XIV.) (XV.) 


CO 

m< YY\ 

MeO\/\/ 

CH 


(XVI.) 


3H 2 -NHMe 


in the form of its benzylidene derivative, and the final product 
(derived from its lactone XVI) was precisely similar in properties 
to the amino-acids already described. 

The quantity of creosole available proved sufficient for the pro¬ 
duction of only about 5 grams of the amino-acid. The production 
of this substance in quantity from m-meconine by another method 
is being investigated. 

Experimental. 

T-Laudanosine (N -methyltetrahydropapaverine) was obtained in 
almost quantitative yield by reducing papaverine methosulphate 
with zinc and alcoholic sulphuric acid. The yield obtained in 
Pictet and Finkelstein’s process (Ber., 1900,332,346), viz., reduction 
of the methiodide with tin and concentrated hydrochloric acid, is 
about 60%. 

The solid obtained by heating papaverine (50 g.) and methyl 
sulphate (16 c.c.) on the water-bath for 30 minutes was dissolved in 
boiling water (200 c.c,), mixed with alcoholic sulphuric acid (25 c.c. 
of 30% solution), and the whole heated on the water-bath while 
zinc dust and alcoholic sulphuric acid were added alternately so 
that hydrogen was gently evolved. After 2J hours, the boiling 
solution was filtered, the zinc washed thoroughly with boiling alcohol, 
and the hot solution added slowly to ammonia (350 c.c.; d 0*880) 
mixed with powdered ice. The product separated slowly as a 
voluminous mass of needles, and after one recrystallisation from 
dilute alcohol was pure, m. p. 115°. 

Piperonyl Ethyl Ether .—An alcoholic solution of piperonyl 
bromide (Orr, Robinson, and Williams, J., 1917, 111, 950; Robinson 
and Robinson, J., 1914,105, 1463) and excess of sodium ethoxide 
was warmed on the water-bath for 10 minutes and poured 
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into water. The ether, which was extracted with ether, was a 
pleasant-smelling oil, b. p. 130—133°/13 mm. (Found: C, 66*4; 
H, 6*4. C 12 H 10 O 3 requires C, 66*7; H, 6*7%). 

Oxime of Piperonylpyruvic Acid. —A solution of piperonylpyruvic 
acid and hydroxylamine hydrochloride (1J equivs.) in 8% aqueous 
sodium hydroxide (3 equivs.) was heated on the water-bath for 1 
hour. According as it was acidified with acetic acid or hydro¬ 
chloric acid the solution deposited the insoluble sodium salt of the 
oxime or the oxime itself. The white, flocculent precipitate of the 
latter was separated after 12 hours; it crystallised from alcohol in 
colourless needles, m. p. 174—175° (Found: N, 6*1. C 10 H 9 O 5 N 
requires N, 6*3%). 

Homopiperonylonitrile .—The preceding oxime was gently warmed 
with acetic anhydride (4 parts); the reaction, at first slow, 
ultimately became very violent, and water-cooling was usually 
necessary. The product was distilled in a vacuum; the nitrile then 
passed over as a golden-yellow liquid, b. p. 160°/10 mm. It 
quickly solidified on treatment with absolute alcohol, and on 
recrystallisation from dilute alcohol separated in nearly colourless 
needles, m. p. 49° (Medinger, Monatsh ., 1906, 27, 237, gives m. p. 42°) 
(Found: C, 67*2; H, 4*4; N, 8*5. Calc., C, 67*1; H, 4*3; N, 8*7%). 

6 : 1-Dimethoxy -l-(3' : -methylenedioxy-u-cyanobenzyl)-2-methyl- 
tetrahydroisoguinoline (V).—l-Hydroxy-6 : 7-dimethoxy-2-methyl- 
tetrahydro^oquinoline (III) (Pyman, loc . cit .) was dissolved together 
with homopiperonylonitrile (1 mol.) in hot alcohol. The condens¬ 
ation product separated from the cooled solution in needles, which 
melted at 171° to a dark red liquid (Found: C, 68*8; H, 6*0. 
C 21 H 22 0 4 N 2 requires C, 68*8; H, 6*0%). It is completely decom¬ 
posed when boiled with caustic soda, and is a moderately strong 
base. On treatment with formaldehyde, methylal or methylene 
odide, high-melting bases are formed. Since these substances were 
obviously not of the tetrahydroep&berberine type, they were not 
further investigated. 

Synthesis of $-Hydroxy-$-(2-carboxy-3 : 4 -dimeihoxyphenyl)ethyl- 
methylamine. 

Reduction of Meconine-nitromethane .—Meconine-nitromethane (15 
g.) was dissolved with cooling in concentrated hydrochloric acid 
(200 c.c.) containing stannous chloride (42 g.); much heat was 
generated, and the liquid soon began to deposit a yellow tin salt. 
After an hour, this was filtered ofi, washed with hydrochloric acid, 
dissolved in boiling water, the tin removed with hydrogen sulphide, 
and the filtrate evaporated to small bulk. The hydrochloride thus 
obtained crystallised from dilute alcohol in colourless needles, m. p. 
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248°, and was the lactone of $-hydroxy-$-(2-carboxy-3 : 4t-dimethoxy- 
phenyl)ethylamine hydrochloride (VIIT) (Found: C, 51-4; H, 5*3. 
C n H 13 04 N,HCl requires C, 51-0; H, 5*4%). 

The picrate of the base separated slowly in golden-yellow needles, 
m. p. 202—204° (decomp.), when a hot solution of the hydrochloride 
and picric acid in water was cooled. 

Meconineacetamide. —Meconineacetic acid (Liebermann, loc. cii.) 
(40 g.) was boiled for \ hour with thionyl chloride (130 c.c.), the acid 
chloride crystallising in fine needles. The excess of thionyl chloride 
was distilled off on a water-bath; the crystalline residue, after being 
washed with dry ether and dried in a steam-oven, melted at 158— 
159° and was sufficiently pure for immediate use. 

The finely-powdered acid chloride was added slowly to aqueous 
ammonia (d 0*880; 250 c.c.) containing ice. After 1 hour, the 
white, amorphous product was washed with cold alkali and ether and 
crystallised from glacial acetic acid; it then separated in colourless 
masses of prisms, m. p. 223—224°. It was quite insoluble in cold 
alkalis, but dissolved readily, on warming, with evolution of 
ammonia. The latter treatment also opened the lactone ring, but 
all attempts to effect this change without attacking the amino-group 
were unsuccessful (Found: C, 57*5; H, 5*2; 1ST, 5*6. C^H^OgN 
requires C, 57*3; H, 5*1; N, 5*6%). 

The esters of meconineacetic acid may be prepared by cooling a 
solution of the acid chloride in the minimum amount of the hot 
alcohol. The methyl ester was thus obtained in colourless hexa- 
hedra, m. p. 124°, identical with that obtained by liebermann (loc. 
cit.) by direct esterification. 

Action of Sodium Hypochlorite upon the Acid Amide. —The finely- 
powdered acid amide, suspended in water at 60°, was shaken with 
exactly 1*2 mols. of sodium hypochlorite. When the solid had 
dissolved, the liquid was made very strongly alkaline with caustic 
soda, the temperature allowed to rise slowly to 85°, and, after \ hour, 
the solution was cooled and made just perceptibly acid to litmus by 
addition of acetic acid. $-Hydroxy-$-(2-carboxy-3 :4,-dimethoxy- 
phenyl)ethylamine (VII) separated slowly as a microcrystalline powder, 
m. p. 224°. It was insoluble in all non-hydroxylic organic solvents, 
and very sparingly soluble in boiling alcohol or water. A solution 
of the crude substance in hot ammonia was filtered from insoluble 
impurities and boiled; as the ammonia evaporated, the amino-acid 
slowly separated in colourless needles, m. p. 225°. The substance 
is more soluble in hot solutions of such inorganic salts as copper 
sulphate and silver nitrate than in water, but separates from them 
unchanged (Found : C, 54*5; H, 6*1. C n H 14 0 5 requires C, 54*8; 
H,6*2%). 
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Treatment of the amino-acid with hydrochloric acid at once 
converted it into the hydrochloride of the lactone (VIH), identical 
with the substance obtained from meconine-nitromethane. When 
the solid hydrochloride was treated with the theoretical quantity 
of 30% ice-cold caustic soda solution, it was converted into the 
lactone base, which is a colourless, fishy-smelling oil, very soluble 
in water but insoluble in non-hydroxylic solvents. The lactone 
ring was opened by warming with caustic soda solution for a few 
minutes, and the amino-acid was precipitated on making the solution 
just perceptibly acid to litmus with acetic acid. 

The amino-acid was boiled with acetic anhydride (3 parts) for 10 
minutes and the solution was then refluxed for \ hour with its own 
bulk of absolute alcohol, evaporated to one-fourth its volume, and 
diluted with dry ether. The acetyl derivative of the lactone base 
separated in colourless needles, which crystallised from xylene in 
star-shaped clusters, m. p. 155° (Found : C, 58*6; H, 5*7. c 13 h 15 o 5 n 
requires C, 58*8; H, 5*7%). 

Preparation of the Amino-acid (VII) by means of the Curtins 
Reaction .—Meconineacetyl chloride (20 g.) was added slowly to 
hydrazine hydrate (20 g.) cooled in ice. The resulting thick paste 
of meconineacetylhydrazide was thoroughly ground and, after 12 
hours, dissolved in 8% hydrochloric acid (200 e.c.). A bulky, 
amorphous precipitate slowly separated. This was filtered off, and 
the filtrate cooled in ice and treated slowly with sodium nitrite 
(34 g. in the minimum of water). Meconineacetyl azide separated as 
a white solid (14 g.) and was washed with dry ether and dried in a 
vacuum desiccator. A small portion recrystallised from dry 
chloroform separated in colourless needles. It was comparatively 
stable, losing nitrogen only when heated at its melting point, 
94°, for a short time (Found; JST, 14*7. C 12 H 11 0 5 N' 8 requires 
N, 15*1%). 

When the crude azide was boiled for J hour with absolute alcohol 
(2 parts), a violent evolution of nitrogen took place; the solution 
on cooling deposited crystals of the lactone of ethyl ^-hydroxy- 
$-{2-carbozy-3 : 4c-dimeihozyphenyl)ethylcarbamate (X). It crystal¬ 
lised from methyl alcohol in colourless cubes, m. p. 131° (Found: 
C, 56*9; H, 5*8; N, 4*7. C 14 H 17 0 6 N requires C, 56*9; H, 5*8; 
S’, 4*7%). 

This carbamate was heated with concentrated hydrochloric acid 
(6 parts) in a sealed tube at 150° for 3 hours. The insoluble liquid 
thus produced was mainly methyl chloride. The aqueous liquid in 
the tube was boiled, filtered hot, and allowed to cool, ^-hydroxy- 
$-{2-carboxy -%: 4:-dihydrozyphenyl)ethylamine hydrochloride being 
thus obtained in colourless needles, m. p. 262—265°. On treating 
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this salt with ammonium carbonate, the amino-acid (XI) was 
obtained in colourless needles, m. p. 138—140° (Found : C, 50-3; 
H, 5*3. G 19 Hi 2 0 4 N requires C, 50*7; H, 4*8%). The amino-acid 
dissolved readily in warm dilute acids or alkalis, but not in alkali 
carbonates. It did not form a lactone under the conditions obt ainin g 
in the case of the dimethoxy-compound. 

The carbamate (12 g.) was dissolved in 15% sodium hydroxide 
solution (50 c.c.) by heating on the water-bath for § hour. After 
boiling for 5 minutes, the solution was cooled, filtered, and faintly 
acidified (litmus) with acetic acid. After 12 hours, the amino-acid 
(VII) separated as a microcrystalline powder, m. p. 224°. The 
yield was 7 g. from 20 g. of meconineacetic acid, i.e ., 40%. 

From the solution obtained by boiling the amino-acid (30 g.) and 
benzaldehyde (60 c.c.) for 20 minutes the greater part of the excess 
of benzaldehyde was removed in a vacuum. The residue was 
mixed with boiling methyl alcohol (220 c.c.); from the filtered 
cooled solution the benzylidene derivative of the lactone base (XU) 
separated in slightly cream-tinged plates, m. p. 125° (Found : 
C, 69*2; H, 5*5. C 18 H 17 0 4 N requires C, 69*4; H, 5*5%). 

The benzylidene compound was heated for 2 hours with its own 
weight of methyl iodide in a sealed tube at 100°. The orange liquid 
thus formed set, on cooling, to a mass of yellow needles, which was 
at once washed with carefully dried benzene and dried in a vacuum 
desiccator. The methiodide thus obtained melted at 180°. It 
decomposed rapidly in the air with liberation of benzaldehyde. 
Hydrolysis was best carried out by boiling for a short time with 
four parts of 95% ethyl alcohol; the filtered solution, on cooling, 
deposited the lactone of $-hydroxy-$-{2-carboxy-3 :4-dimethoxyphenyl) 
ethylmethylamine hydriodide (XIII) in colourless prisms, m. p. 220— 
222°. The hydrochloride , prepared by boiling the hydriodide in 
chloroform solution with phosphorus pentaehloride for 10 minutes, 
separated from alcohol in felted needles, m. p. 233°. The nitroso - 
compound separated in colourless needles, m. p. 108°, when a warm 
aqueous solution of the hydrochloride was dropped slowly into an 
ice-cold solution of excess of sodium nitrite (Found: G, 54*0; 
H, 5*2; N, 10*7. C 12 H 14 0 5 N 2 requires G, 54*1; H, 5*2; N, 10*5%). 
From the solution obtained by shaking the hydrochloride and 
benzoyl chloride (1 mol.) with aqueous sodium hydroxide (2 mols.) 
the benzoyl derivative separated slowly; the large amount remaining 
in solution was extracted with ether. The product crystallised 
from a little methyl alcohol in rhombs, m. p. 106°. This substance 
is insoluble in cold caustic soda solution, but dissolves readily on 
warming (Found : G, 67*2; H, 5*7. C 19 H w 0 5 N requires C, 66*9; 
H, 5*5). 
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P - Hydroxy - p - ( 2-carboxy -3:4- dimethoxyphenyl)ethylmethylamine 
(VII with NHMe in place of NH 2 ) was obtained by heating a salt of 
the amino-lactone on the water-bath with a slight excess of caustic 
soda solution for | hour and just acidifying the cooled solution with 
acetic acid. It crystallised slowly from water in colourless plates, 
m. p. 190—192° (Found : C, 56*2; H, 6*8. C 12 H 17 0 5 N requires 
C, 56-5; H, 6-6%). 

$-Hydroxy-$-(2-carboxy-4 :: 5-dimethoxyphenyl)ethylmethylamine (XV 
with NHMe in place of NH 2 ). 

m -Meconineacetic Acid .—m-Opianic acid (28 g.), malonic acid 
(35 g.), piperidine (30 drops), and pyridine (100 c.c.) were heated on 
a water-bath for 6 hours. After boiling for a few minutes, the mixture 
was cooled and poured into 16% hydrochloric acid (300 c.c.); the 
product, which separated slowly in clusters of needles, crystallised 
well from a little glacial acetic acid in colourless needles, m. p. 230— 
231° (Found: C, 56-8; H, 5*0. C 12 H 12 0 6 requires C, 57-1; H, 4*8%). 

m -Meconineacetyl Chloride. —m-Meconineacetic acid was boiled 
for | hour with twice its weight of thionyl chloride, the excess of 
solvent was removed in a vacuum, and the yellow, syrupy product 
was made to crystallise by treatment with dry ether. It separated 
from dry xylene in colourless prisms, m. p. 103—104°. 

m-Meconineacetamide was prepared in exactly the same way as 
meconineacetamide. It separated from much alcohol in clusters 
of needles, m. p. 240—241° (Found : N, 5*6. C 12 H 13 0 6 N requires 
N, 5*6%). 

Ethyl m-meconineacetate was produced when the acid chloride was 
dissolved in a little hot ethyl alcohol, and the product allowed to 
cool. It separated in fine needles, m. p. 133°. The same substance 
was obtained by direct esterification (Found: C, 59*8; H, 5*8. 

squires C, 60*0; H, 5*8%). The methyl ester separated 
from methyl alcohol in colourless plates, m. p. 129°. 

m-Meconineacetic acid was converted by the method already 
described into m-meconineacetyl azide . This separated as a gummy 
substance which crystallised from chloroform in clusters of needles, 
m. p. 100° with evolution of nitrogen (Found : N, 14*8. C 12 H n 0 5 N 3 
requires N, 15*1%). Treatment with alcohol converted this into the 
lactone of ethyl $-hydrozy-$-(2-carboxyA : 5-dimethoxyphenyl)ethyl- 
carbamate , which separated in glistening plates with a pale brown 
tinge, m. p. 177—178° (Found; C, 56*9; H, 5*8; N, 4*7. 
O^H^O^ ieqpxrea C, 56*8; H, 5*6; N, 5*0%). Hydrolysis of this 
with four times its weight of 12% aqueous caustic soda gave a clear 
solution which, on being cooled and just acidified with acetic acid, 
deposited ^hydroxy- (3- (2-carboxyA : o-dimethoxyphenyl)ethylamine 
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(XV) in fine, hexagonal prisms, m. p. 204—205° (Found : C, 54*5; 
H, 6-0. C n H 14 0 5 N requires C, 54-8; H, 6-2%). The acid readily 
formed a benzylidene compound in the maimer described above, 
which crystallised from methyl alcohol in colourless needles, m. p. 
146° (Found: C, 69*1; H, 5*7. C 18 H 17 0 4 requires C, 69*4; H, 
5*5%). When quite dry, the latter added on methyl iodide in the 
manner already described, and the methiodide was hydrolysed on 
treatment with hot dilute alcohol to the lactone of $-hydroxy-$-(2- 
carboxyA : 5-dimethoxyphenyl)ethylmethylamine (XVI), which crystal¬ 
lised from ethyl alcohol in colourless prisms, m. p. 230—231°. 
Treatment of this with caustic soda solution opened the lactone 
ring and produced the amino-acid, which was purified by boiling 
its solution in ammonia until no more crystals separated. It was 
thus obtained in needles, m. p. 199—204° (decomp.) (Found : 
C, 56*9; H, 6*8. C 12 H 17 0 5 N requires C, 56*5; H, 6*6%). 

The author wishes to thank Professor W. H. Perkin, F.R.S., for 
many helpful suggestions, and the Advisory Council of the Depart¬ 
ment of Scientific and Industrial Research for a grant which enabled 
him to carry out the greater part of this investigation. 

The Dyson Perrins Laboratory, King's College, London. 

Oxford. [Received, January 4 ih, 1926.] 


CIV .—The Electrometric Titration of Halides. 

By Walter Clark. 

The object of the experiments to be described was to exam i n e the 
possibility of applying electrometric methods to the analysis of 
mixtures of soluble halides and of mixed silver halides, in particular 
where one halide is present in small proportion—less than 1%—in 
the other. 

The estimation of a single soluble halide by titration with silver 
nitrate, or conversely of silver ions by titration with a halide 
solution, can be accurately and simply carried out electrometrically 
(compare Bebrend, Z . physikal. Chem ., 1893, 11, 466; Dutoit and 
von Weise, J. Chim. Phys 1911, 9, 578, 608, 630). For this 
purpose several different methods have been devised. Certain of 
these have been summarised by Kolthoff (Chem. Weekblad, 1920, 
17, 659), Willard and Fenwick (J. Amer. Chem. Soc ., 1922, 44, 
2504), and Muller (“ Elektrometrische Massanalyse,” 2nd edn, 1923). 

The most exact method of titration is that in which the titration 
beaker containing the halide solution and a silver electrode is 
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connected with a normal electrode, and the E.M.F. of the com¬ 
bination is measured after each addition of silver nitrate, the 
end-point of the titration being taken as the point of maximum 
rate of change of E.M.F. with silver ion added. 

In an arrangement due to Pinkhof (Diss., Amsterdam, 1919; 
Chem. Weekblad , 1919, 16, 1163; Pharm. Weekblad , 1919, 56, 
1218) the normal electrode is replaced by a compensation electrode 
whose potential is equal to that of the titration system at the end¬ 
point. With this method a different compensation electrode would 
be required for each halide titrated, and in the titration of mixed 
halides the electrode would have to be changed during the course 
of the titration. 

A variation of Pinkhof ? s method has been used extensively by 
Treadwell (Eelv. Chim. Acta , 1919, 2, 672, 680), and a modification 
for use with 5 c.c. of solution to be titrated, has been described by 
Gamer and Waters (J. Soc. Chem. Ind., 1922, 41, 337t). 

A further method of titration consists in the use of “ bimetallic 
electrode systems/’ introduced by Willard and Fenwick (J. Amer. 
Chem. Soc., 1922, 44, 2504, 2516; 1923, 45, 623), and suggested 
also by Muller (Z. Elektrochem ., 1924, 30, 420) and Hostetter and 
Eoberts (J. Amer. Chem. Soc., 1919, 41, 1343). This method has 
been applied also to acid-alkali titrations by van der Meulen and 
Wilcoxen (Ind. Eng. Chem., 1923, 15, 62) and by Brunnich (ibid., 
1925, 17, 631). 

Another method of titrating soluble halides has recently been 
described and is worthy of note. In the “ differential titration ” 
method of Cox (J. Amer. Chem. Soc., 1925, 47, 2138) the halide 
solution is divided equally between two beakers joined by an 
ammonium nitrate bridge and each containing a silver electrode 
connected with the potentiometer. Both solutions are titrated 
simultaneously with silver nitrate, one being kept slightly in advance 
of the other, and the potential is read after each addition of silver. 
The titration curve obtained is the first derivative of the normal 
titration curve, and its maximum is the end-point. 

In the investigation to be described the first method of titration 
was used, i.e., that in which the solution to be titrated contained a 
silver electrode and was united with a calomel cell, the E.M.F. of 
the combination being measured by means of a potentiometer after 
each addition of silver nitrate. This method was used because it 
is quite straightforward and can be used for the titration of mixed 
halides without changing the electrode or the constant half-cell; 
It was examined first with a view to its utility for the accurate yet 
simple estimation of mixtures of two or three alkali halides by 
direct titration ■with silver nitrate solution, and then for estimating 
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mixtures of silver halides. In a few instances, other methods of 
titration were tested. 



TO AMMONIUM NITRATE 
RESERVOIR 


Experimental. 

The calomel cell employed was of the saturated potassium chloride 
type. This was united with the halogen solution to be titrated by 
a saturated ammonium nitrate bridge in such a way as to prevent 
diffusion of chloride from the cell into the titration beaker, and to 
prevent loss of halide from the solution to be titrated by displace¬ 
ment with the specifically heavier ammonium nitrate solution. 
The arrangement is shown in Pig. 1. 

A is a continuation of Fig. 1 . 

the side arm of the 
calomel cell. In the cell 
itself a wad of glass wool 
is placed over the surface 
of the calomel to prevent 
its disturbance when ** 
flushing out with fresh T0 CALOna ceu ~ 
potassium chloride solu¬ 
tion. At B is a side 
tube with clip to allow 
of the easy removal of 
air or old potassium 
chloride from the tube 
A D when filling it or 
when renewing the 
potassium chloride solu¬ 
tion. An ordinary separ¬ 
ating funnel is used as a 
reservoir for the satur¬ 
ated ammonium nitrate. 

The end of its stem, C, is bent at right angles and a T-piece, D E, 
is joined on so that D E is parallel to the stem of the funnel. 
At the upper end, D, the T-piece is constricted, leaving an 
orifice about 1 mm. in diameter. This partially closed end D 
is packed tightly to a depth of 1 cm. with filter-paper, pre¬ 
viously moistened with ammonium nitrate solution. The lower end, 
E, of the T-piece is joined by rubber tubing to a drawn-out tube, P, 
which is immersed in the solution to be titrated. The tapered end 
of P is also packed tightly to a depth of 1 cm. with a wad of filter- 
paper moistened with ammonium nitrate solution. The calomel 
cell is connected with the ammonium nitrate bridge at 3) by a 
short piece of rubber tubing. 
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By means of the side tube and clip at B it is possible to flush out 
the calomel cell with fresh potassium chloride solution without 
disturbing the ammonium nitrate bridge. By removing the tube F 
the nitrate bridge can be flushed out from the reservoir above 
without disturbing the calomel cell. It is not necessary to change 
the wad of filter-paper at D often, but the tube F should be 
changed frequently. 

Observations showed that in the course of several hours no 
chloride reached the titration solution from the calomel cell, and 
no loss of chloride from the titration solution into the bridge could 
be detected. 

The solution to be titrated was stirred by a motor-driven stirrer 
at 200 revolutions per minute. 

For the silver electrode, No. 20 gauge fine silver wire, provided 
by Messrs. Johnson Matthey, was used. For the best results it has 
to be specially treated, as described later. A Cambridge and Paul 
potentiometer, giving readings to 0*5 millivolt, was used for measur¬ 
ing electromotive forces. 

The method of titration was to run standard silver nitrate solution 
drop by drop into the stirred solution of halide, the E.M.F. being 
read after each addition of 1 c.c. When the E.M.F . began to rise 
more rapidly, only 0*1 c.c. of silver nitrate solution was added. 
When great accuracy was desired, or when only small amounts of 
halide were being titrated, silver nitrate was added from a micro- 
burette, or more generally, a N /100- or N /1000-solution was used, in 
the neighbourhood of the end-point. 

In most cases, a certain time was necessary for establishment of 
equilibrium of E.M.F. in the immediate neighbourhood of the end¬ 
point. This will be considered in the course of the description of the 
titration. The end-point of the titration was obtained either by plot¬ 
ting the titration curve of c.c. of silver nitrate added against E.M.F ., 
and determining its point of inflexion or the mid-point of the maximum 
slope, or, more readily, by plotting the first derivative of the titration 
curve, i.edE/dV , against F, where E is the E.M.F. corresponding 
to a volume V of silver nitrate added (compare, for example, 
Hostetter and Roberts, J. Amer. Chem. Soc. 3 1919, 41, 1341). 
Each of these methods of determining the end-point was used as 
occasion demanded, for in certain forms of titration curve one 
method is preferable to another. 


Titration of Solutions of Soluble Halides. 

Preparation of Pure Materials .—Silver nitrate solutions of N/10, 
N/100 and iV/1000 strength were made up from Johnson’s “ pure 
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triple crystallised silver nitrate,” which is specially prepared for 
the manufacture of photographic emulsions. 

Potassium chloride, free from other halides, was available as a 
commercial product, and approximately N /10-solutions were 
prepared. 

No commercial sample of bromide or iodide free from chloride 
was available. Many samples of ammonium and potassi um 
bromide, and of ammonium, barium, cadmium, and potassium iodide 
were examined quantitatively for chlorides. The proportion present 
varied with different samples from 0*2% to about 5%, and with a 
number of samples of any one salt from any one manufacturer, wide 
variations were found. Potassium bromide was the worst offender 
in this respect. 

Preparation of Pure Bromide. —A sample of potassium bromide, 
free from chloride and bromate, was prepared by heating once- 
recrystallised potassium bromate in a silica basin, extracting the 
fused salt with water, and evaporating the solution to dryness. 

Ammonium bromide free from chloride was prepared from 
purified ammonia and bromine. A sample of commercial ammonia 
solution, labelled “ sp. gr. 0*880, extra pure,” contained a trace of 
chloride which was removed by boiling off the ammonia gas and 
reabsorbing it in distilled water.* 

Por the preparation of pure bromi n e, the purest commercial 
bromine, which contained some chlorine, was used. 100 G. were 
shaken with 50 c.c. of concentrated potassium bromide solution, 
and then distilled off on a water-bath at 70—90°. The distilling 
apparatus was made entirely of glass, and the receiver was cooled 
in ice. 

The yield of 70 g. of bromine was well shaken with 5 c.c. of 
N-caustic soda solution and distilled again in the same apparatus 
(compare Scott, J., 1913, 103, 847; Baxter, Proc. Amer. Acad . 
Arts Sci.> 1906, 42, 201). 

Ammonium bromide was made by adding the bromine drop by 
drop, shaking after each addition, to freshly-distilled ammonia 
contained in an ice-cooled flask until there was only a slight excess 
of ammonia. This excess was boiled off and the solution evaporated 
to dryness. The product was free from chloride and bromate. 

Preparation of Pure Iodide .—Baxter (Proc. Amer. Acad. Arts 
Sci. f 1903, 39, 249; 1904, 40, 419; 1906, 42, 201) has described 
the conditioiis for the preparation of pure bromine and iodine. 
The method he adopted in the case of iodine did not give successful 
results in the author’s hands. Also attempts were made to prepare 

* Addition of a few drops of silver nitrate solution to the ammonia before 
distillation ensures the freedom of the final product from chloride. 

CG 
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pure ammonium iodide somewhat on the lines described by Baxter, 
but without success. It was found impossible to remove the last 
traces of chloride; under the conditions employed, between 0*1% 
and 0*2% chloride remained. 

Some of the earlier experiments on electrometric titrations, to 
be described later, suggested a method for the preparation of iodide 
free from chloride which was very satisfactory and simple. It is 
briefly as follows: 

Ordinary commercial potassium iodide is dissolved in a 5% 
solution of chloride-free barium nitrate (sodium nitrate, ammonium 
nitrate or sodium acetate may also be used) and silver nitrate solution 
is run in slowly drop by drop, with vigorous stirring, a marked 
excess of soluble halide, however, being left finally. This excess 
must be larger than the equivalent of chloride present. Silver 
equivalent to 90% of the iodide was used in the actual preparations. 
Under these conditions, the precipitate consists entirely of silver 
iodide and all the chloride remains in solution. The silver iodide 
precipitate is removed and washed several times with water. It is 
then suspended in water, stirred vigorously, and reduced with 
hydroxylamine sulphate * and chloride-free caustic soda prepared 
from metallic sodium by the action of water vapour. This gives 
a precipitate of spongy silver, and a solution of sodium iodide, 
hydroxylamine, sodium hydroxide, and sodium sulphate. The 
liquid is filtered, evaporated to dryness, the residue is heated at 
about 200° to destroy the excess of hydroxylamine,f and extracted 
with water, and the solution neutralised with sulphuric acid. The 
solution of sodium iodide and sodium sulphate obtained in this way 
was suitable for the purpose of electrometric titration; in fact, the 
presence of sodium sulphate was found to be beneficial to the 
titration. The solutions obtained were absolutely free from chloride. 

If it is desired to have pure iodide, free from sodium sulphate, 
the solution can be treated with permanganate, and the iodine 
distilled off and converted into hydriodic acid with hydrogen sulphide 
gas according to the method of Baxter (loc. ciL). 

If the product still contains chloride, the iodide-sulphate solution 
can be again partly precipitated as silver iodide, followed by 
reduction as described, but in no case has more than one pre¬ 
cipitation and reduction been found necessary. 

Stock solutions of bromide and iodide of practically N/ 10- 
strength were prepared, and standardised against the stock Nj 10- 
silver nitrate solution, by the dye-indicator method of Fajans 

* This can be obtained commercially quite free from chloride. 

t Alternatively, an excess of silver iodide is used so that there is no excess 
of hydroxylamine. 
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and Hassel (Z. Elektrochem ., 1923, 29, 495; Kottoid Z ., 1924, 34, 
304), fluorescein being used as indicator. The stock chloride solution 
was standardised by the normal titration method, with chromate 
as indicator. 

In the titration of silver ions with halide ions, with fluorescein 
as indicator, it is essential to define the conditions rather closely, 
otherwise the true end-point is difficult to determine. It is neces¬ 
sary to titrate in very dilute solution, with a low concentration of 
dye. For example, in the titration of N /10-silver nitrate with 
i\ r /10-potassium bromide it was found best to dilute 10 c.c. of the 
silver nitrate to about 200 c.c. with water, and use 5 drops of a 
1 :2000 solution of fluorescein as indicator. In these conditions, 
the silver halide does not coagulate in the neighbourhood of the 
end-point, and the change from rose colour to yellowish-green is 
sharp and readily located. 

Electrometric Titration of Halides . 

The solutions of soluble halides were titrated eleetrometrically 
with a standard silver nitrate solution, and the results agreed 
identically with those obtained by the ordinary titrations. For 
any further stock solutions prepared, standardisation was therefore 
carried out by the electrometric method. 

In the titration of the single halide solutions with silver nitrate, 
the magnitude of the potential jumps about the end-point was 
roughly ; for chloride, 180 mv.; for bromide, 350 mv. ; for iodide, 
500 mv., being bigger the lower the solubility of the corresponding 
silver salt. 

The procedure in titration was to dilute the volume of halide 
taken to 50 c.c. in some cases, or to 150 c.c. in other cases, with 
water or any required solution, and then to titrate with the Nj 10- 
silver nitrate. 

In the titration of bromide or iodide, no anomalies were observed 
which could be ascribed to the nature of the silver electrode 
employed. In the case of chlorides, however, certain peculiarities 
were observed which were shown to be dependent on the electrode 
surface. 

Effects Due to the Electrode. 

The first electrodes used were cleaned by scraping with emery 
cloth or a knife blade. In the titration of chlorides, the addition 
of the first drop of silver nitrate resulted in a sudden rise in potential. 
This jump was by no means constant, being about 40—50 mv. in 
certain cases, and less than 10 mv. in others. With a higher con¬ 
centration of chloride, a bigger jump was sometimes observed, and 
its magnitude was dependent to some extent on the presence of 
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neutral salts. Carrying out the titration in red light did not 
improve matters. The jump was not due to the presence of a trace 
of bromide or iodide in the chloride, since its magnitude was variable 
for the same amount of chloride used, but was due to some pecu¬ 
liarity of the silver electrode, since it varied with the nature of the 
silver surface. 

To avoid any confusion in the event of the possibility of the 
presence of a trace of iodide or bromide in the chloride, the conditions 
for obtaining an electrode which did not give the initial jump were 
studied. A long series of experiments showed that plating the 
electrode from a potassium argentocyanide solution does not give 
a reproducible electrode which comes into equilibrium with the 
chloride immediately. Various other methods of treatment showed 
that if the electrode was first cleaned with emery cloth and then 
immersed, until gassing freely, in a solution of nitric acid (1 : 1) 
to which a little sodium nitrite had been added, it assumed equili¬ 
brium immediately on being immersed in the chloride solution, and 
the potential alteration on addition of the first drop of silver nitrate 
was very small—never more than about 8 millivolts. Electrodes 
treated in this way are quite trustworthy, and were used for all the 
electrometric titrations. 

The effect of amalgamating the electrode was next tried. Amal¬ 
gamation was effected by cleaning the electrode with emery cloth 
and then rubbing it with mercury by means of a wad of cotton wool 
on a glass rod, under dilute nitric acid. With such an electrode 
equilibrium was established in a very short time, but the first 
addition of silver nitrate produced a big jump in potential, equal 
to 70 mv. After this, the titration curve proceeded in a normal 
manner, giving the same end-point as the plain silver electrode. 
The whole curve, however, was shifted in the direction of a higher 
E.M.F, compared with the plain silver electrode curve; i.e., it 
was more “ noble.’ 5 This is shown in Fig. 2. Similar results were 
obtained in the titration of bromides and iodides. 

This suggested a new method of titrating halides with silver 
nitrate by means of a bimetallic electrode system, the use of a calomel 
cell thus being eliminated. If two electrodes, one of amalgamated 
silver and the other of plain silver, are i m mersed in a chloride solution 
to be titrated, the resulting titration curve should be the diff erence 
between curves A and B in Fig. 2. This difference is practically 
constant until, in the neighbourhood of the end-point, a deviation 
occurs, giving a sharp break in the curve, after which it becomes 
constant again. Measurements showed that this method affords a 
means of deter m i nin g a halide as accurately as the other methods 
used. The breaks at the end-point are very sharp and the magnitude 
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of the jumps in the case of chloride, bromide, and iodide are about 
30—40 mv. Fig. 3 shows titration curves for chloride, bromide, 
and iodide. In the neighbourhood of the end-point, it is necessary 
to allow a minute or so for equilibrium to be attained after each 
addition of silver ions. 

Fig. 2. 



C.c. of TS[ 10-silver nitrate . 


The dotted curve in Fig. 3 (a) is the curve calculated by subtracting 
the two curves A and B of Fig. 2. It agrees well with the curve 
obtained by direct titration with the bimetallic system. In the 
case of chloride only, a drop in the curve is observed in many cases, 
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before the final jump, although in some chloride titrations this drop 
is absent. The end-point of curves which exhibit this drop is at 
the point of ma ximum slope of the final jump. All curves obtained 
by this bimetallic method exhibit an initial jump on the first 
addition of silver ions, owing to the amalgamated electrode always 
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showing such a rise. The method has not yet been applied to 
mixtures of halides. In the titration of iodides, the curves with 
plain silver and with amalgamated silver were actually coincident 
for some distance at the end-point, and yet the bimetallic titration 
showed a marked jump at the end-point. Muller (Z. Elehtrochem 
1924, 30, 420) appears to think that if the curves are tangential 
the potential should drop to zero at the end-point; but this is not 
necessarily so. 

In many cases of normal titration with a silver wire and calomel 
cell, some time, often § hour, is required for the attainment of 
equilibrium of EM.F . in the immediate neighbourhood of an end¬ 
point, especially in titrations with very dilute silver nitrate. During 
this time, the potential rises, rapidly at first, then more slowly, and 
finally reaches a steady value. This change corresponds with what 
is equivalent to a slow increase in silver-ion concentration, and 
obviously is not due, therefore, to the silver ions taking a long time 
to react with the halide ions remaining. It appears to be due to the 
time taken for the silver electrode to assume equilibrium with the 
changed concentration of silver ion. 

If an electrode which has been used for one titration of halide is 
not scraped clean and treated with nitric acid before being used 
again, the EM.F. found for the new system before the addition of 
any silver ions is somewhat higher than when a freshly-cleaned 
electrode is used, and the initial potential jump is very small. 
The electrode seems to be “ formed ” in some way, during the first 
titration. 

Good titration curves giving correct end-points are obtained if a 
bright platinum wire instead of a silver wire is used in conjunction 
with a calomel cell (compare Muller, Z . Elehtrochem ., 1924, 30, 
420). The curve shows an initial jump of about 40 mv,, and lies 
above the curve for the silver electrode, as shown in Fig. 2, 
Attempts to use a bimetallic electrode system of platinum and 
silver gave very poor results, which were useless in practice. 

Titration of Mixed Halides. 

The solubility products of the silver halides are of the order: 
silver chloride, 10" 10 ; silver bromide, 10‘ 12 ; silver iodide, 10” 16 . 
Theoretically, then, if silver nitrate is added slowly to a mixture 
of, say, bromide and chloride in solution, precipitation of the 
bromide should be complete before that of the chloride begins. In 
practice, this does not occur; some chloride is precipitated along 
with the bromide before all the bromide is thrown down, and if a 
mixture of bromide and chloride in water is titrated electrometrically 
with silver nitrate, an error in the values is found. 
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That the individual halides cannot be separated quantitatively 
from a mixture of halides by addition of silver nitrate has long been 
known. It has been commented on by many workers, including 
Eoerster (“ Elektrochemie Wasserige Losungen,” 3rd edn, 1922, 
p. 165), Mellor (“ Treatise on Inorganic Chemistry,” Vol. III, 
pp. 418—419), Sheppard and Trivelli (“ Silver Bromide Grain of 
Photographic Emulsions, 1 ” 1921, pp. 42 et seq.), Kuster (Z. anorg . 
Chem,, 1898, 19, 81), Kuster and Thiel {ibid,, 1900, 23, 25), Thiel 
{ibid,, 1900, 24, 1), and Muller (“ Elektrometrische Massanalyse,” 
2nd edn, 1923). 

The electrometric titration curve of a mixture of two or three 
soluble halides with silver nitrate shows a sudden break in the 
neighbourhood of the end-point of each halide, the iodide break 
occurring before the bromide break, which comes before the final 
chloride break. The arguments which apply to any pair of halides 
are obviously applicable to titration of a mixture of all three, so 
only pairs of halides will be considered at first. If a mixture of 
chloride and bromide in water, with no other additions, is titrated 
with silver nitrate, the bromide end-point appears too late, whilst 
the final break appears in its true position. This results in a 
correct estimate of the total halide, but a too high value for bromide 
and a too low value for chloride. The same applies in the case of 
bromide-iodide mixtures. With chloride-iodide mixtures the error 
is practically non-existent. It seems to be the general opinion 
that the end-point error is due to the formation of solid solutions 
as described by Kuster and Thiel {loc. cit.), adsorption phenomenal- 
playing a preliminary role. 

According to Dutoit and von Weisse (J. Chim. Phys., 1911, 9, 
630) iodide can be accurately titrated in presence of a large excess 
(600 times or more) of chloride or bromide. This is true for iodide 
in chloride, but certainly not for iodide in bromide. 

The end-point error increases in the series: chloride-iodide < 
bromide-iodide < chloride-bromide, being larger the less the 
solubility difference between the silver salts corresponding with a 
pair of halides. The magnitude of the error in the case of bromide- 
chloride and bromide-iodide mixtures is indicated by the following 
figures: 

C.c. of halide solutions in terms of N/ 10-silver nitrate. 

Theoretical. Found. 


Chloride. 

Bromide. 

Chloride. 

Bromide. 

/ 5*05 

5*05 

4*5 

5*6 

1.5-05 

5*05 

4*6 

5*5 

Bromide. 

Iodide. 

Bromide. 

Iodide. 

/5-15 

5*05 

5-0 

5*2 

\5*15 

5*05 

5*0 

5*2 



760 CLARK : THE ELECTROMETRIC? TITBATION OF HALIDES. 

Two methods were tried for eliminating this error, namely : 
( ) working in very dilute solution, and (2) adding certain neutral 
substances to the titration solution. 

The effect of dilution was examined on the titration of a bromide- 
iodide mixture. Diluting to 330 c.c. instead of the 50 c.c. normally 
employed in the titrations resulted in an increase in the error. 

The correction of the end-point error by adding ions which are 
strongly adsorbed by silver halides has been studied in detail by 
Muller (op. tit,), who titrated in the presence of 5% barium nitrate 
solution and found that this salt prevents, or at any rate limits, 
the formation of solid solutions, so that the end-point error is 
practically eliminated. Muller writes : “ The accuracy of estim¬ 
ation of iodide in the presence of bromide and of iodide in the 
presence of chloride is good in all cases in presence of 5% barium 
nitrate. Even the estimation of small amounts of one halide in 
presence of excess of the other is not affected. ... In the estim¬ 
ation of bromide and chloride in the presence of one another, we 
must, unfortunately, reckon on an error of 1% too much bromide 
and correspondingly too little chloride, if equal molar concentrations 
of both are taken. This error increases with increasing excess of 
chloride, and falls off with increasing bromide excess . . . until it 
can be neglected when the molar concentration of bromide exceeds 
that of chloride by five times.” Muller also mentions potassium 
alum in the same connexion as barium nitrate, but gives no data 
concerning its action. According to Foerster (op. cit.) } in presence 
of barium nitrate, iodide in a ratio of iodide : bromide > 1 : 3600 
can be estimated accurately, but bromide in chloride only when 
bromide : chloride = 1 : 10. 

It appears that adsorption effects of some type are responsible 
for the end-point error. The exact nature of this adsorption is 
not quite clear, although it is probable that in the case of iodide- 
bromide mixtures, for example, it is adsorption of silver bromide 
to silver iodide which is concerned. It cannot be mere adsorption 
of bromide ions, because a certain amount of silver ions is involved; 
also it is improbable that it is adsorption of silver ions alone. It is 
most likely adsorption of silver bromide itself (probably colloidal), 
rather than the formation of a solid solution in the usually accepted 
sense. 

Numerous measurements substantiated Muller’s observations 
that correct end-points are obtained in presence of 5% barium 
nitrate solution. Lottermoser used ammonium nitrate to remove 
adsorbed silver from silver halides, and Fajans and his co-workers 
(Fajans and Hassel, Z. Elehtrochem 1923, 29, 495; Hassel, 
Kolloid-Z, t 1924, 34, 304) studied the adsorption of dyes, and 
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adsorption replacement by dyes, on silver halides, with particular 
reference to a titration method for halogen and silver using 
fluorescein and its halogen-substitution products as indicators. 
These and other substances, including some which are known to be 
strongly adsorbed by silver halides, were investigated by the author. 
Since the end-point error is most marked in the case of bromide- 
chloride mixtures, in some cases only this mixture was investigated; 
in others, iodide-bromide mixtures were studied as well. The 
method of examination in most instances was to titrate with 
N/ 10-silver nitrate a mixture of 5*0 c.c. of a iV'/lO-solution of each 
of the halides in the presence of 50 c.c. of the solution of the substance 
investigated. 



Dyestuffs .—Erythrosin (1 in 2000), fluorescein (1 in 2000), and 
rose Bengal 3 (1 in 2000) gave correct end-points with the bromide- 
iodide mixtures. In the case of the chloride-bromide mixture, 
fluorescein (1 in 2000) gave a partial correction, as shown in curve C, 
Eig. 4. With erythrosin (1 in 2000), the final end-point for the 
mixture was accurate and was marked by a definite jump in 
potential, but the first break, representing the bromide end-point, 
was flattened out. In Fig. 4, curve D is a titration curve obtained 
in presence of erythrosin (1 in 2000). Similar results were obtained 
in presence of safranine (Bayer, 1 in 1000). Curve A (Fig. 4) shows 
the curve in presence of water alone, and curve B the correct curve, 
in presence of 5% barium nitrate. 

Correct end-points for both chloride-bromide and bromide- 
iodide mixtures were obtained with 5% solutions, not only of 

c o* 
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barium nitrate, but also of ammonium nitrate, sodium nitrate, and 
sodium acetate. The results with sodium acetate show that the 
effect is not due to the nitrate ion, and this was confirmed when it 
was found that N -sulphuric acid also gave practically complete 
correction. 

A solution of S-fiAmitric acid, with a platinum electrode, gives 
correct end-points with bromide-chloride mixtures, but at the final 
break the curve begins to rise sharply and then drops suddenly 
back, after which it tends to become horizontal. The system is 
rather insensitive and the potential readings are jerky and can 
be read only to the nearest 2 or 3 millivolts. 

JV/10-Nitric acid, with a silver electrode, gives correct end-points, 
and is very sensitive. For accurate work, involving a long titration 
time, it is conceivable that an error could be introduced owing to 
action of the acid on the silver electrode, but with ordinary titrations 
of a mixture of equivalent proportions, no error was observed. A 
platinum electrode is unsatisfactory with iV'/10-nitric acid. 

It follows from the foregoing that although the presence of certain 
dyes is beneficial in the case of bromide-iodide mixtures, they are 
not of general value. On the other hand, barium, sodium, and 
ammonium nitrate, and sodium acetate in 5% solution give correct 
end-points with bromide-chloride and bromide-iodide mixtures 
for a wide variation in the proportions of the constituents of the 
mixtures. The presence of these salts curtails the titration time 
by increasing the sensitiveness of titration and lowering the time 
required for equilibrium potential in the region of the end-points; 
even for the titration of a single halide in solution their presence is 
beneficial. In absence of added salts, the silver halides formed in 
the titration remain in colloidal suspension until the final end-point 
is reached; if a salt is present, however, the silver halides begin to 
precipitate shortly after the first addition of silver nitrate. 

The original object of this investigation was to study the applica¬ 
bility of electrometric methods to the examination of materials 
used in the manufacture of photographic emulsions, and to the 
analysis of emulsions themselves. In all the titrations made, this 
object was borne in mind. Consequently, in the examination of 
bromide-iodide mixtures, for example, low percentages of iodide in 
bromide were considered, rather than low percentages of bromide. 
A series of mixtures was studied in various circumstances to ascertain 
if it was easy to estimate a low percentage of one halide in the 
other. A limit of 0*2% of iodide in bromide and of chloride in 
bromide was set. The following table shows some results of 
measurements. The percentage composition refers to equivalents 
of one halide in another. The substances mentioned in the column 
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headed “ Notes ” were added to the electrolyte, 50 c.c. of a 5% 
solution being used in each case. 


Vol. in c.c. of 
Mixture taken. iV/10-conc. 

Found. 

Notes. 

100% Bromide. 

5,10 

100% Bromide.' 
100% Chloride. 

\ Same results in water. 

100% Chloride. 

5,10 

J- barium nitrate. 

100% Iodide. 

5,10 

100% Iodide. 

) sodium acetate, etc. 

50% Chloride in bromide. 

10 

50% Chloride. ‘ 

Barium nitrate, etc.. 

1*01% Chloride in bromide. 

10 

0*99% „ 

must be present. 
Barium nitrate. 

0-51% 

10 

? 

Sodium acetate; breaks 

0*50% 

20 

0-50% „ 

in curve not separ¬ 
ated. 

Barium nitrate. 

0*2% 

50 <0-25% „ 

Sodium acetate. 

0*2% 

50 

about 

0*1% „ 

39 5) 

0*2% 

100 

0*19% „ 

»t 99 

0*2% 

100 

0*22% „ 

Barium nitrate. 

50% Iodide in bromide. 

10 

50% Iodide. 

Barium nitrate, etc. 

1*6% 

10 

1*5% „ 

Barium nitrate. 

0*19% „ 

10 

0-2% „ 

99 99 

50% Chloride in iodide. 

10 

50% Chloride. 

In water alone; more 

0*2% 

50 

0-2% „ 

sensitive in presence 
of barium nitrate, etc. 
75 C.c. of 5% am¬ 

0*2% 

50 

0-18% „ 

monium nitrate. 

75 C.c. of 5% am- 


monium nitrate. 


The table shows that it is possible to estimate 0*2% chloride in 
bromide or iodide, and 0-2% iodide in bromide, with a fair degree 
of accuracy. The bulk of the halide was precipitated with Nj 10- 
silver nitrate, but for the estimation of halide present in the propor¬ 
tion of 1% or less, Nj 100- or Nj 1000-silver nitrate was used, an 
N /10-solution being employed only for precipitating the bulk of 
the halide in excess. The accuracy of estimation of a small per¬ 
centage of one halide obviously depends on its absolute amount. 
If the absolute amount is too small, it becomes impossible to estimate 
the chloride present in low ratio at all, because no distinction is 
observed between the two breaks in the curve. Using a mixture of 
N /10-strength, it is possible to estimate 0*2% chloride in iodide with 
50 c.c., but in the case of 0*2% chloride in bromide, if 50 c.c. are 
used the breaks in the curve are not separated, and at least 100 c.c. 
must be taken. 

The estimation of low percentages of chloride in iodide or bromide 
thus involves taking a big bulk of material; this makes the titration 
very long, and introduces a possible source of error in that some of 
the chloride solution may be occluded in the bulky silver bromide 
or silver iodide precipitate. Means were therefore sought by which 

cc* 2 
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the bromide or iodide could be destroyed, at the same time leaving 
the chloride free in the solution, where it could be titrated. 

Numerous methods have been devised for estimating mixtures 
of halides in which one halogen is removed by oxidation of its 
halide salt, leaving the other halide intact. Considering a chloride- 
bromide mixture, however, it is very probable that in the region 
of the point where practically all the bromide had been destroyed, 
some of the chloride would be attacked as well. A satisfactory 
method of operation would be to react with insufficient oxidiser to 
destroy all the bromide present, leaving, say, equal proportions of 
bromide and chloride, and then to titrate this mixture electro- 
metrically in the usual way. In this manner, a big bulk of mixture, 
in which the absolute amount of chloride is high enough for the 
accuracy required, can be used without the disadvantages already 
mentioned. There seems theoretically to be no limit to the 
minuteness of the trace of chloride which could be estimated in 
this way. 

Attempts to destroy all the bromide by means of ammonium 
persulphate (Engel. Compare Crookes's “ Select Methods in 
Chemical Analysis, 35 1905, p. 558) or potassium permanganate 
(Winkler, Z. angew , Chem ., 1915, 28, 477, 494) were not success¬ 
ful. In the former case all the bromide could not be destroyed, 
even when many times the theoretical quantity of persulphate was 
used, whilst in the latter case some chlorine was always lost in 
getting rid of the last traces of bromide. For example, a mixture 
of 2*3800 g. of pure potassium bromide with 0*0050 g. of potassium 
chloride in 350 c.c. of water was analysed by Winkler's permanganate 
method, and 0*0038 g. of chloride was found instead of 0*0050 g. 

Using just insufficient permanganate to react with all the bromide 
proved to be a very suitable and accurate means of determining 
low percentages of chloride in iodide and bromide. The procedure 
is best illustrated by an actual example, as follows: A mixture 
of 2*3800 g. of potassium bromide and 0*0050 g. of potassium 
chloride was dissolved in 350 c.c. of water, 25 c.c. of concentrated 
sulphuric acid were added, and the whole was boiled. A solution 
of N /2-chloride-free potassium permanganate was prepared. A 
blank test having shown that 43*5 c.c. of this solution were necessary 
to give a permanent pink colour with the halide mixture used, 
43*0 c.c. of permanganate were added slowly to the boiling acidified 
halide solution, and boiling was continued until all the bromine 
was removed and the solution became colourless. Ammonium 
nitrate (10 g.) was dissolved in the solution, which was then cooled 
and titrated electrometrically with JV/100-silver nitrate. The 
result was: chloride taken, 0*0050; found, 0*0051 g. 
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The presence of manganous salts in the titration beaker does not 
affect the titration adversely in any way. Owing to the presence 
of sulphuric acid in the solution, it is preferable to add amm oni um 
nitrate or sodium acetate, rather than barium nitrate, for the 
titration. Although a titration carried out with barium sulphate 
present gave accurate results, its presence is best avoided if the 
possibility of occlusion is to be eliminated. 

Estimation of Low Percentages of Bromide in Chloride . 

Although percentages of chloride in bromide from 50% down to 
0*2% have been shown capable of accurate estimation, very low 
percentages of bromide in chloride cannot be accurately determined 
by direct electrometric titration. It has been found quite impos¬ 
sible, by direct methods of electrometric titration, to determine 
bromide present to the extent of less than 5% in chloride. 

The following observations were made with 5% bromide in 
chloride of A/lO-strength: ( a) with 20 c.c. of mixture + 150— 
200 c.c. of 5% ammonium nitrate titrated with N /100-silver nitrate, 
a curve was obtained, with no sign of a sharp break, but merely 
a slight increase of slope over a long range of c.c. silver nitrate added. 

(6) (a) was repeated in presence of saturated ammonium nitrate 
solution with the same results. 

The absence of a sharp break is peculiar. When a mixture of, 
say, equal proportions of chloride and bromide is titrated, the 
composition varies until it passes through a stage at which there 
is 5% bromide in chloride, and yet a sharp bromide end-point is 
obtained. The only difference between this and the cases (a) and 

(b) above is that there is a bulk of silver bromide present, owing to 
precipitation of the first 45% of bromide. 

(c) In order to simulate these conditions, 20 c.c. of iV/10-ammon- 
ium bromide were titrated to the end-point with Ay 10-silver nitrate. 
20 C.c. of N/ 10-5% bromide in chloride were then added, and the 
titration was continued with N /100-silver nitrate. The same 
results were found as in ( a) and (6). By plotting the curves of 
(a), (6), and (c) on a more closed scale, a fairly sharp increase of 
slope was observed in the neighbourhood of the theoretical end¬ 
point, but it was impossible to locate the end-point with any degree 
of certainty. 

Titration with N /100-silver nitrate is thus useless for determining 
5% of bromide in chloride. The only way of obtaining satisfaction 
seemed to be to work with a higher concentration of silver nitrate, 
and a bigger bulk of halides. 

(d) 10 C.c. of 5% bromide in chloride + 50 c.c. of 5% barium 
nitrate, titrated with A/10-silver nitrate, gave a sharp break at 



706 CLARK : THE ELECTROMETRIC TITRATION OE HALIDES. 

0*5 c.c. of silver nitrate, the theoretical value. The degree of 
accuracy to be expected with a titre of 0*5 c.c. is, however, low. 

(e) ( d) was therefore repeated with 100 c.c. of 5% bromide in 
chloride. Solid ammonium nitrate was dissolved in this, and it 
was titrated with iV/10-silver nitrate, A definite break was 
obtained in the titration curve, and its inflexion point being taken 
as the bromide end-point, the theoretical bromide value was found. 
A quotation from Muller has already been cited, in which he states 
that bromide cannot be accurately determined in presence of 
chloride, unless the molar concentration of bromide exceeds that 
of chloride by five times. 

As shown above, however, it is possible to estimate 5% bromide 
in chloride of N /10-strength by titration of 100 c.c. with ^/10- 
silver nitrate. Percentages less than 5 cannot be so estimated with 
any degree of accuracy. The difficulty could probably be over¬ 
come by adding a known amount of bromide to adjust the ratio 
of Br~ : Cl~ to 1: 1, titrating this mixture, and obtaining the original 
bromide by difference. The objection to this seems to be that any 
error in the titration of the total halide would be thrown on to the 
small percentage of bromide originally present. 

Muller (“ Elektrometrische Massanalyse,” 2nd edn, 1923, p. 95), 
titrating 5% bromide in chloride directly, got accurate results * 
in presence of barium nitrate, but a + 16% error in the bromide in 
absence of barium nitrate. With a 2*5% bromide in chloride he 
got an error of + 16% in presence of barium nitrate, and + 36% 
in absence of added salts. These results have been substantially 
confirmed in the experiments described here. 

To estimate low proportions of bromide in chloride it thus 
appeared necessary to isolate the bromide as bromine either free 
from chlorine, or else with such an amount of chlorine as to give 
a preponderance of bromine, convert the bromine (and chlorine) 
into bromide (and chloride), and then titrate the bromide electro- 
metrically. The presence of a small amount of chloride from 
chlorine carried over with the bromine will not be harmful, since, 
as has been shown, low ratios of chloride in bromide can be readily 
estimated. 

Removal of bromine with bromate in acid solution was first 
tried. The method was satisfactory for 28*6% bromide in chloride, 
but for 1% bromide, it gave very variable results, and was therefore 
abandoned. 

The use of permanganate proved to be satisfactory. The 
apparatus consists of a conical flask fitted with a stopper (preferably 

* This appears from Muller’s table (p. 95) to be just a chance accuracy, 
and is contradictory to a statement by Muller quoted earlier in this paper. 
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of glass, ground in) carrying a graduated tap funnel for the per¬ 
manganate, and a tube with a trap, leading to a vertical condenser 
dipping into ammonia in a receiving flask. The bromide-chloride 
mixture is put in the conical flask together with plenty of sulphuric 
acid and boiled. Permanganate is run in drop by drop until the 
pink colour persists for a short time, and then a further addition of 
about the same volume of permanganate is made, and the solution 
is boiled for some time, until it loses its colour. The ammonia in 
the receiver is acidified, ammonium nitrate added and the solution 
titrated as usual. The following figures show that this method 
is capable of a fair degree of accuracy: 

Bromide in chloride. 


Mixture examined. Theoretical %. % Pound. 

200 C.c. of 1% bromide in chloride 1 (1) 0*95 

(Nl 10). (2) 0*9 

40 C.c. of 0*5% bromide in chloride 0*5 0*49 

(Nl 10). 


A further attempt to estimate bromide in chloride was made 
using the method of Willard and Fenwick (J. Amer. Ch&rn. JSoc 
1923, 45, 623), in which the halides are mixed with potassium 
cyanide solution and sulphuric acid and titrated electrometrically 
to the CNBr end-point with permanganate solution. The method 
was tried with a platinum electrode and calomel cell, but the 
potential readings were very inconsistent and jerky, and the rate 
of attainment of equilibrium of potential was very variable. The 
method of Willard and Fenwick depends on the same reaction as 
that employed by Muller and Schuch (Z. Ehktrochem ., 1925, 31, 
332) for estimating halogens in solution by electrometric titration 
with cyanide. Various modifications of this method were tried 
without success. 

The ingenious method of “ differential titration” due to Cox, 
already mentioned, was investigated for the titration of bromide 
with silver nitrate, and good results were obtained. An example 
of the method used is as follows : 10 c.c. of V/10-bromide + 200 c.c* 
of water were put into each of two beakers. The solutions were 
united by a bridge of saturated ammonium nitrate solution, and 
silver electrodes were immersed one in each solution and connected 
to the potentiometer. The two solutions were titrated simul¬ 
taneously with W/10-silver nitrate from two burettes, one being 
kept 0-2 c.c. ahead of the other, the E.M.F. being measured after 
each addition of silver nitrate as usual. A very sharp maximum 
was obtained, and equilibrium was practically instantaneous. 
Bromide found = 201 c.c.; theoretical = 20*14 c.c. of NJ 10-Ag*. 
The method is thus satisfactory for plain bromide solution. Its 
advantages are that it eliminates the use of the calomel cell, and 
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equilibrium is instantaneous at the end-point. Its disadvantage is 
that manipulation of two burettes is necessary. On the whole, 
however, it appears to possess no ultimate advantage over the 
ordinary method. 

The differential method was tried for the estimation of 1% 
bromide in chloride, but without success. At the bromide end¬ 
point the curve certainly tended to a maximum, but this could not 
be definitely located. 

Estimation of a Mixture of Three Halides . 

Since a pair of soluble halides can be estimated accurately under 
certain conditions, it is to be expected that a mixture of three 
halides could just as accurately be determined under similar 
conditions. 

A mixture containing 3% iodide and 1% chloride in N[ 10- 
bromide was examined. This ratio represents possible proportions 
of halide in a photographic preparation. 20 C.c. of the mixture + 
200 c.c. of 5% barium nitrate solution were taken; the bulk was 
titrated with N/ 10-silver nitrate and the end-points were deter¬ 
mined with N /100-silver nitrate. Taken: bromide, 19*48; 
chloride, 0*23; iodide, 0*59. Found: bromide, 19*48; chloride, 
0*22; iodide, 0*59 (the figures denote equivalents of jV/10-silver 
nitrate). 

Analysis of Silver Halides . 

In the analysis of silver halides by electrometric methods, two 
methods of procedure are possible. The first is to dissolve the 
silver halides in a suitable solvent and titrate directly the solution 
obtained. The second method is to set free the halogen from the 
silver halides in the form of soluble halides, which can be readily 
titrated by the normal methods. 

The only method of the first type known to the author is that 
due to Muller (Phot. Ind ., 1924, 305, 332). The silver halides are 
dissolved in a slight excess of potassium cyanide solution, and the 
resulting solution is titrated electrometrically -with silver nitrate. 
The theory of the titration and the method of deducing the results 
are lucidly described in Muller’s original paper. Muller claims 
satisfactory results in the titration of a single silver halide, and 
with mixtures of silver iodide with silver bromide or silver chloride. 
Numerous measurements made to check the accuracy of the method 
have fully substantiated Muller’s claims. The method suffers, 
however, from a serious limitation in that it does not distinguish 
between silver bromide and silver chloride. In the analysis of 
many photographic materials this should be of no account, since 
the majority of fast plates should consist entirely of silver bromide 
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and silver iodide mixtures. In the case of some plates, however, 
chloride is added in addition to the other two halides, and in most 
cases chloride is present unintentionally because the soluble iodide 
and bromide used in making the emulsions are rarely, if ever, free 
from chloride. For the analysis of chloro-bromide emulsions, 
Muller’s method would obviously be unsuitable. 

Owing to the limitations of Muller’s method, the second type of 
method, in which the silver halides are converted into soluble 
halides, was investigated. Samples of pure silver halides were 
first prepared in the following manner. The preparations were 
carried out in red light, and the products were stored in dark 
brown glass bottles. 

Silver chloride was prepared by adding silver nitrate drop by 
drop to a vigorously stirred solution of pure potassium chloride 
until the slightest excess of chloride remained. The precipitate 
was washed many times with water* and drained by suction. One 
sample of chloride was dried in a desiccator, but formed such hard 
lumps that it could not readily be dissolved in cyanide solution. 
The moist preparation was therefore used. 

Silver bromide was prepared from a sample of commercial potass¬ 
ium bromide containing about 1% of chloride. It was dissolved in 
6% ammonium nitrate solution, and silver nitrate, also in 5% 
ammonium nitrate solution, was run in drop by drop, the whole 
being vigorously stirred. Silver nitrate equivalent to 14/17 of the 
bromide was added during 3 hours. The precipitate was washed 
five times by decantation, collected, and dried in a desiccator. 

Silver iodide . Part of the damp sample made for the preparation 
of pure soluble iodide, as described earlier, was dried in an electric 
oven at 105°. 

Conversion of the Silver Halides into Soluble Halides . 

Two methods of reduction of the silver halides to give the halogen 
in the form of soluble halides were investigated: (a) Direct 

reduction of the solid silver halide. (6) Reduction of the silver 
halide in solution. 

Method (a).—The simplest method of getting the halide in the 
soluble form is direct reduction of the solid silver salt by a substance 
such as hydroxylamine. For electrometric titration it is necessary 
that the excess of the reducing agent be rendered harmless in some 
simple way which does not involve any loss of halogen. 

Destruction of any excess of hydroxylamine could be satisfactorily 
carried out by gentle ignition with excess of alkali at about 200°. 
Oxi dis ing agents, which would probably cause loss of halogen, 
should not be used. 
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Formic acid was unsuitable as a reducing agent, even on pro¬ 
longed boiling with the silver salts. Reduction was far from com¬ 
plete, and chocolate-brown products resembling the synthetic 
photo-halides were formed. Hydroxylamine sulphate in alkaline 
solution was very efficient, but the reduction of solid silver halides 
by its means, even on very prolonged stirring, was incomplete in 
the majority of cases. The spongy silver mass obtained invariably 
contained traces of unreduced silver halide, which could be detected 
by dissolving the silver in nitric acid. Attempts were made to 
peptise the silver halides before reduction and thus render the 
reduction quantitative. Octyl alcohol was useless for this purpose. 
Addition of a known excess * of potassium iodide gave a finely- 
divided suspension in the case of silver iodide, but the excess of 
halogen ions slowed down the rate of reduction so much as to 
render its use impracticable. 

Boiling a suspension of silver iodide in water with zinc and dilute 
acetic acid gave incomplete reduction. 

Method (6).—Reduction of the solid halide having proved useless 
for obtaining quantitative conversion to soluble halide, the reduc¬ 
tion of the solution of the silver halides in potassium cyanide solution 
was investigated. A solution of silver iodide in cyanide was treated 
with (a) alkaline hydroxylamine, (6) alkaline hydrazine hydrate, 
(c) sodium hydrosulphite [hyposulphite], and ( d ) diaminophenol 
(amidol). With (a) there was no reduction in 18 hours, and with 
(6) in the same time, only a trace of action. Hydrosulphite reduced 
the solution directly to silver; and amidol caused reduction on 
long standing, but there was simultaneous formation of undesirable 
oxidation products. 

When hydrosulphite is added to a solution of silver iodide in 
cyanide, precipitation of the silver iodide first occurs, and this is 
followed rapidly by its reduction. If the solutions are too concen¬ 
trated, coagulation of the silver iodide occurs before it is reduced, 
and results in a part of the silver halide inside the curds remaining 
unreduced. Complete reduction of the silver halide can be effected 
by working in dilute solution, and adding the hydrosulphite solution 
a little at a time. On each addition a yellow colloidal solution of 
silver iodide forms. The next addition of hydrosulphite should not 
be made until reduction of the colloidal suspension due to the 
previous addition begins. 

Attempts were made to prevent coagulation of the silver iodide 
by adding colloids before reduction. Gelatin and gum arabic 
effectively prevented coagulation, but their use resulted in the 
formation of a protected colloidal silver sol on reduction, and this 
could not be removed by filtration, even after prolonged boiling 
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with electrolytes. More satisfactory results were obtained with 
dextrin; the silver formed on reduction with hydrosulphite readily 
coagulated on boiling, and could be filtered off. 

The excess hydrosulphite can be destroyed by boiling with acid, 
which also removes all the cyanide ions, and the solution of soluble 
halides is then ready for titration, after addition of barium nitrate 
or other salt. 

Almost all commercial samples of sodium hydrosulphite contain 
appreciable quantities of chloride. This mates the hydrosulphite 
method dependent on the ability to obtain the chloride-free product, 
the application of a correction for chloride being undesirable. 
Attempts made to prepare pure hydrosulphite as required, e.g ., by 
passing sulphur dioxide gas into water containing metallic zinc, 
or into a solution of sodium sulphite containing zinc were not 
satisfactory. Combination of the two operations of preparing 
hydrosulphite and reducing the silver complex by passing sulphur 
dioxide into a cyanide solution of silver iodide containing sodium 
sulphite and metallic zinc did not give very satisfactory results. 

Reduction with Zinc .—Although hydrosulphite is very satisfactory 
for reducing the cyanide solution, the difficulty of getting samples 
free from chloride led to trials with other reducing agents, of which 
zinc dust or granulated zinc, with acetic acid, proved very satis¬ 
factory. 

Boiling the solution with granulated zinc and acetic acid gives 
complete reduction. On adding the acetic acid there is a tendency 
to form colloidal silver halide, but although in certain cases coagu¬ 
lation sets in, it is not of such a nature as to prevent complete 
reduction to silver. Addition of sodium acetate to the acetic acid, 
lowering the acidity to p K 4-8, did not prevent some silver salt 
being thrown out of solution. 

Results as satisfactory as those obtained with granulated zinc 
and acetic acid are obtained by boiling with granulated zinc or 
zinc dust without acid, and no precipitation of silver halide occurs 
in these cases. It is necessary, however, to add acetic acid after 
the reduction is over in order to remove the excess of cyanide. 
The disadvantage in the case of zinc dust is that many samples 
contain chloride, whereas granulated zinc can be readily obtained 
very pure. 

The conditions for titration of the reduced solution are as follows : 

(1) No free cyanide must be present. This is ensured by 
boiling with acetic acid. 

(2) Presence of free acetic acid has no adverse effect on the 
titration of mixed halides. In fact, sodium acetate has been 
shown to be advantageous. 
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(3) Undissolved zinc must be filtered off, otherwise further 
reduction will occur during the titration with silver nitrate. 

(4) Zinc ions present in the titration must have no adverse 
effect. That they do not affect the titration was shown by 
control titrations to which zinc sulphate had been added. 

(5) Boiling a solution of soluble halide -with zinc and acetic 
acid must not result in loss of halogen. Blank experiments 
showed that no such loss occurred. 

The method was then tested quantitatively, with known amounts 
of standard solutions of silver halides in potassium cyanide. Muller 9 s 
titration method {vide supra) was employed for standardising these 
solutions. Use of this method for estimating known weights of 
silver halide in cyanide solution gave very accurate results, and 
justified its use for the standardisation of solutions. 20 C.c. of 
the standard solutions of silver iodide, bromide, and chloride were 
equivalent to 17*20, 27*10, and 7*65 c.c., respectively, of N /10-silver 
nitrate. 

Both granulated zinc and zinc dust ^eduction gave accurate 
results with all three halides. The method finally used in all cases 
is illustrated by the following example : 

Stock silver iodide-potassium cyanide solution (20 c.c.) was 
diluted to about 100 c.c. with water and heated, 1—2 g. of granu¬ 
lated zinc in small pieces were added, the solution was boiled 
vigorously for 10—15 minutes, 50 c.c. of acetic acid (100 c.c. of 
glacial acid diluted to 1 litre with water) were added, and boiling 
was continued vigorously until all smell of cyanide had disappeared. 
The solution was then cooled and decanted through a filter, the 
metallic residue being carefully washed several times. Ammonium 
nitrate was added to the combined filtrate and washings to make 
about 5% concentration, and titration was carried out electro- 
metrically in the manner already described. 

The quantities taken and found, expressed as c.c. of AT/lO-silver 
nitrate, were: silver iodide, 17*20 and 17*20; silver bromide, 
27*10 and 27*10, 27*05; silver chloride, 7*65 and 7*65. The con¬ 
version of silver halide into soluble halide is thus quantitative. 
There should therefore be no more difficulty attending the estim¬ 
ation of mixed silver halides than was the case with mixtures of 
soluble halides already described. For this reason, exhaustive 
investigation of mixed silver halides was not made. For two 
mixtures of silver iodide and silver bromide, reduced with zinc and 
acetic acid, the values, in c.c. of N /10-silver nitrate, were: 
(1) Bromide: taken, 27*10; found, 27*05. Iodide: taken, 4*30; 
found, 4*30; (2) Bromide: taken, 27*10 found, 27*09. Iodide: 
taken, 0*43; found, 0*41. 
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Analysis of Photographic Emulsions . 

The method described above was applied to the analysis of 
photographic emulsions. 

Preliminary experiments were made to ascertain whether the 
reduction of silver halides could be satisfactorily carried out in 
presence of gelatin. A m i x ture of standard potassium cyanide- 
silver iodide solution, 100 c.c. of water, and 25 c.c. of 1% gelatin 
was heated to boiling, granulated zinc and 50 c.c. of 10% acetic acid 
were added, and the boiling was continued. In £ hour very little 
reduction had occurred, and the silver halide which had been thrown 
out of solution was carried away from the sphere of reduction by 
the frothing gelatin. Several hours’ boiling had not resulted in 
complete reduction. 

In another case, the emulsion was scraped off a soaked photo¬ 
graphic plate into water, which was heated to disperse the gelatin. 
Cyanide was added to dissolve the silver salts, and the whole was 
boiled with zinc and acetic acid. After several hours, reduction 
was again incomplete. 

It was obvious that the presence of gelatin was to be avoided. 
If the emulsion is boiled with nitric acid to destroy the gelatin 
there is an element of risk involved, in view of the known action 
of nitric acid in freeing halogen from silver halides. Lehmann and 
Bolmer (Phot. Ind. 9 1922, 467, 491) found that cold nitric acid 
above a concentration of 47%, and hot nitric acid above 5%, 
converts silver iodide into silver nitrate and iodine. If, however, 
5% nitric acid is used for destroying the gelatin, the halide remains 
in suspension and cannot be filtered. The workers mentioned 
recommended a mixture of 4% nitric acid in 20% acetic acid for 
isolating the silver halide. Yalenta (Phot. Korr 1914, 51, 122; 
“ Photographische Chemie und Chemikalienkunde,” 1,2nd edn, 1921, 
p. 151) used 20% nitric acid for destroying the gelatin. This 
practice is criticised by Lehmann and Bolmer, and is shown to lead 
to errors. 

It appeared preferable to avoid the use of oxidising acids for the 
destruction of the gelatin, in the case of plates, at any rate. The 
method of fixing out the silver halides with cyanide was therefore 
tried, with success; this has the advantage of eliminating the need 
for stripping the emulsion.* 

Numerous commercial plates were investigated, to ascertain the 
best conditions for analysis. With plates of fast, or special rapid 

* If stripping is considered desirable, it can readily be carried out by means 
of alkaline sodium benzoate, prepared by dissolving benzoic acid in excess of 
caustic soda solution. 
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type, one half-plate provides a suitable quantity of material for 
investigation, but in the case of thinly-coated plates of the process 
type, two half-plates should be used. 

The method of analysis finally adopted for a half-plate is as 
follows: 

The plate is fixed out in a dish with 100 c.c. of Nj 10-potassium 
cyanide, and washed by soaking (5 minutes) in three changes of 
100 c.c. of water. No silver salts can, in general, now be detected 
in the gelatin film. As a precaution, however, after washing, the 
plate is spotted with sodium sulphide; the absence of a brown stain 
indicates freedom from silver salts. The washings and fixing 
solution are combined, reduced with zinc and acetic acid, and 
treated as described for the examination of mixed silver salts. 
N/ 100- or N /10-Silver nitrate is used for titration, according to the 
amount of the particular halide being analysed. Owing to a slight 
action of the cyanide solution on the gelatin of the plate, a little 
gelatin sometimes goes into solution, but it only results in a some¬ 
what slower attainment of equilibrium of potential when dilute 
silver nitrate is used. With N /10-silver nitrate, equilibrium is 
attained at the normal rate. 

The following table shows the results obtained in the analysis 
of a few commercial plates. These plates were of unknown com¬ 
position, and so no check on the results was available. 


Plate. 

Size. 

Agl. 

AgBr. 

Total halide. 

%AgI. 

A. Special rapid. 

1 

0-41 

6-74 

7-15 

5-73 

» 9* 

Jr 

0-47 

8-18 

8-65 

6-44 

O . „ „ 


0-52 

13-88 

14-40 

3-61 

D. tf n 

i 

0-55 

13-61 

14-16 

3-88 

E. Process. 

i 

0-11 

9-30 

9-41 

1-17 


Plates A and B were of one brand. It does not follow from this 
that they are of identical composition, since variations often occur 
among plates of the same manufacture. Also it is improbable that 
the total amount of silver halide is identical on both plates. Similar 
remarks apply to C and D. The values in columns 3, 4, and 5 
refer to c.c. of A 7 /l0-silver nitrate equivalent to the halides. 

At the time when these measurements were made, only one 
emulsion of accurately known composition was available. Dupli¬ 
cate analyses were made of half-plates hand-coated with this 
emulsion, with the following results: 


Plate 1 
Plate 2 


Agl. AgBr. 

0-81 19-83 

0-80 19*57 


Total 

halide. 


% Agl. 

Found. Theor. 


20-64 3-92 3-95 

20*37 3-92 3-95 


The method thus appears capable of giving accurate results. It 
possesses the great advantage of ease and comparative rapidity. 
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CV .—The Absorption Spectra of Various Derivatives 
of Salicylic Acid . 

By John Edward Purvis. 

The author described (J., 1925,127, 2771) the absorption spectra 
of various compounds derived from salicylic acid in order to compare 
the influence of different types of nuclei. The investigation has 
been continued with the following coloured and colourless salts 
and other compounds of the acid. The substances were examined 
in the first instance in M /200-solutions, with the exceptions of 
3-nitrosalicylic acid and 5 - amino sulphosalicylic acid, which were 
not so soluble. These were examined in Mj 2000- and M /20,000- 
solutions. 

Lithium , calcium , and zinc salicylates. The curves (Fig. 1, upper 
curves) show in the lithium compound a band at 1/X 3350 (X 2984) 
comparable with that of salicylic acid (loc. cit.) t but the more 
refrangible band between 1/X 4120 (X2425) and 1/X 4300 (X2320) 
is not so well marked as that in salicylic acid. In the calcium and 
zinc salts, somewhat similar phenomena were noticed; and there 
are differences in the positions of the bands dependent on the 
respective molecular weight. The less refrangible band of the 
monobasic lithium salt is not, of course, so strong as that of the 
calcium and zinc salts. 

Lithium o-acetoxybenzoaie (Fig. 1, upper curves). The replace¬ 
ment of the hydroxyl hydrogen atom by the acetyl group has 
produced a similar change to that in salicylic acid and o-acetoxy- 
benzoic acid, and in theobromine salicylate and theobromine 
o-acetoxybenzoate (loc. cit.). The less refrangible band at 1/X 3740 
(X 2672) is very weak and is shifted towards the more refrangible 
regions; and the more refrangible band is represented by a more 
rapid extension of the rays from about 1/X 4020 {X 2486). As the 
author has previously pointed out in the case of o-acetoxybenzoic 
acid, this has produced an absorption comparable with that of 
benzoic acid. 

Copper salicylate (bluish-green). The curve (Fig. 1, lower curves) 
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shows the less refrangible band of salicylic acid well developed, 
and the more refrangible one is nearly obliterated. There is a rapid 
absorption of the rays between about 1/X2850 (X3506) and 
1/X2550 (X3919), extending well into the visible region. 

Uranyl salicylate (reddish-brown). The curve (Fig. 1, lower 
curves) has a somewhat similar form to that of copper salicylate, 

Fig, 1. 

Oscillation frequencies. 

24 23 32 36 40 44 



Upper curves. Lower curves. 

X. Lithium salicylate . T, Copper salicylate. 

II, Lithium o-acetoxyb enzoate. II, Uranyl salicylate* 

Calcium salicylate (—•—). 

Zinc salicylate (— - • —). 

but the band between 1/x 2940 (X3400) and 1 /X 2520 (X3967) ia 
better marked, and there is another band on the less refrangible 
visible parts at about 1/X2200 (X4544). The band at 1/X3400 
(X2940) is wider than the corresponding band of the copper salt. 

3 •Nitrosalicylic acid (yellow), 3: 5 -dinitrosalicylic acid (yellow). 
In each of these substances there is a large band extending into 
the visible region (Fig. 2, upper curves), and it is much wider than 
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the corresponding bands of the substances described above. The 
more refrangible band is merely indicated by the more rapid exten¬ 
sion of the rays from 1/X4000 (X2498) to 1/X4400 (X2271) in the 
nitro-compound, and from 1/X3920 (X2550) to 1/X4350 (X2298) 
in the dinitro-compound. These results are not unlike those 
described by the author (J., 1915, 107, 966) in the case of some 
nitro-compounds of benzoic and c innami c acids. 


Fig. 2. 

Oscillation frequencies . 



5-Sulphosalicylic acid, 5-aminosulphosalicylic acid. These two 
substances show (Fig. 2, lower curves) that the more refrangible 
band of salicylic acid is not so definite, but in each case the less 
refrangible one is well marked. In the amino-compound this band 
is not quite so strong as it is in the sulpho-compound, and there 
are differences in the persistency. 

5 -Nitrosuljphosalicylic acid (yellow). There is a wide band 
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(Fig. 2, lower curves) at 1 /X 3000 (X 3344) not unlike that of the other 
nitro-compounds, and extending into the visible region. The 
more refrangible one almost disappears. 

Sodium 3~niiro-5-aminosalicylate (reddish-brown). This substance 
(Fig. 2, lower curves) exhibits a large band at 1/X2750 (X3633) 
which extends rapidly into the visible regions. This band may be 
compared with that of the other nitro-compounds. There is also 
a shallow band from about 1 /X 3400 (X 2939) to 1 /X 3930 (X 2543). 

Hexamethylenetetramine , Hexamethylenetetramine salicylate . 
Through 56 mm. thickness of a M /200-solution hexamethylene¬ 
tetramine exhibited no band; and the rays were transmitted to 
X 2150. Its salicylate, on the other hand, exhibited an absorption 
band comparable with that of salicylic acid. Paraldehyde shows 
no specific absorption (J., 1925,127, 9); and it is suggested that, 
like paraldehyde, the condensation of formaldehyde with ammonia 
in the production of hexamethylenetetramine neutralises the free 
valencies of the aldehydic oxygen which produce a band in form¬ 
aldehyde itself. 

Results .—Considering these results with those of salicylic acid 
and its various salts ( loc . cit .), it appears that the specific absorption 
of the substances depends on the nature of the basic and of the 
acid radicals. Changes in the nature of the one or the other produce 
changes in the position and intensity of the bands characteristic 
of each. The author has already shown, in a study of the absorp¬ 
tion spectra of some organic and inorganic salts of didymium (Proc. 
Camb. Phil . Soc ., 1923, 21, 781), that the bands of didymium in the 
visible regions were modified in intensity according to the type of 
the negative radical united with this base. 

As regards the other derivatives of salicylic acid, the influence 
of the nitro-group in the benzene radical powerfully intensifies 
and shifts the less refrangible band of the acid, but appears to lessen 
that of the more refrangible one. Also the replacement of the 
hydrogen atom of the hydroxyl group by a radical, as in lithium 
salicylate and lithium o-acetoxybenzoate, changes the absorption 
capacity of the other parts of the molecule; and this is comparable 
with the phenomena of o-acetoxybenzoic acid, and of the o-acetoxy- 
benzoates of theobromine and quinine. 

Public Health Chemical Laboratory, 

Cambridge. [Received, January 8 th, 1926.] 
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CVI .—Elimination of the Amino-group of Tertiary 
Amino-alcohols. Part III. A New Method for the 
Preparation of Optically Active Ketones. 

By Alex. McKenzie, Robert Roger, and George Ogilvie Wills. 


Previous research (McKenzie and Richardson, J., 1923, 123, 79; 
McKenzie and Roger, J., 1924, 125, 844; McKenzie and Dennler, 
J„ 1924, 125, 2105; McKenzie and Wills, J., 1925, 127, 283) 
carried out in this laboratory on the behaviour of certain tertiary 
amino-alcohols towards nitrous acid has demonstrated that in no 
case was the glycol corresponding with the amino-alcohol isolated, 
although such glycols are readily enough accessible in other ways. 
The action is thus an abnormal one, the product invariably being a 
ketone (a dehydration product of the glycol). At once the simplest 
and the most obvious interpretation would be based on the assump¬ 
tion that the glycol is formed as an intermediate phase and then 
undergoes dehydration. This is an assumption which is, however, 
untenable, and the experimental evidence is conclusive in proving 
that a hydrocarbon residue migrates from one carbon atom to 
another adjacent to it. A process, such as this, for effecting the 
migration of groups was designated by McKenzie and Roger as 
“ semipinacolinic deamination ” from its analogy with the semi- 
pinacolinic changes which have come under the observation of 
Tiffeneau, Or6khov, and their colleagues. 

The latter chemists, as well as Meerwein, have studied the 
dehydration of glycols where the two hydroxyl groups are bound 
to contiguous carbon atoms by gripping forces which vary in 
intensity. Wherever the variation of this gripping force is very 
great, that is to say, when the one hydroxyl group is very firmly 
and the other very loosely bound, the investigation of the dehydra¬ 
tion of a glycol does occasionally provide a good indication of the 
inigrational aptitude of groups. But, especially in other cases, 
semipinacolinic deamination is proving of service where the evidence 
deduced from the dehydration of glycols as to migrational aptitude 
is rather inconclusive. In fact, the method possesses the advantage 
of being a general one for testing the migrational aptitude of groups, 
as the elimination of the amino-group necessarily involves group 
transposition: 


R 




H 

R. 


o|H| 


NHa 


V 



R 1 -CO*CH<^ 

R-CO*CH<Si 

±^2 


An extension of the method has lately been published by Orekhov 
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and Roger (Compt. rend., 1925,180, 70) to embrace tertiary amino- 
alcohols where the amino-group is attached to a secondary carbon 
atom. Thus, the action of nitrous acid on p-hydroxy-pp-diphenyl- 
ethylamine leads to the formation of deoxybenzoin and not of 
os-diphenylethylene oxide, whilst the interpretation advanced by 
us agrees with that of Orekhov and Roger. Again, the superiority 
of the migrational aptitude of the ^-anisyl as compared with the 
phenyl group is shown by the formation of p-methoxydeoxybenzoin 
from fi-hydroxy-(3-phenyl- (3-anisylethylamine : 


OMe*C 6 ®- 4 ' v >p_ 

Ph^Yj^H 

OH NH 2 


Ph*CO*CH 2 *C 6 H 4 *OMe. 


Further, when p-phenyl-P-(a-)naphthylethylamine is deaminated 
(Luce, Compt rend., 1925, 180, 145), the naphthyl group wanders 
more readily than does the phenyl group, since co-a-naphthyl- 
acetophenone is formed: 


Fh^p_p<^H 

C 10 H 7 ^Y<pH —> Ph-COCH 2 *C 10 H 7 . 

OH NECg 

In the present paper, an application of our method to optically 
active amino-alcohols is described. The products are ketones, and 
it is remarkable that optical activity is preserved in spite of the 
molecular rearrangement which is involved . 

It may be recalled that in the formation of diphenylacetone from 
p-hydroxy- aP-diphenylpropylamine a phenyl group migrates from 
a carbon atom to the adjacent one to which a phenyl group is already 
attached, and it would not therefore be anticipated (since diphenyl- 
acetone does not possess an asymmetric carbon atom) that the 
resulting ketone would be optically active if the starting point were 
the optically active amino-alcohol. The action of concentrated 
sulphuric acid on methylhydrobenzoin, the glycol corresponding 
with the above ami n o-alcohol, forms a striking contrast to the 
above, inasmuch as there is no group wandering, the change being 
what Tiffeneau calls “ vinyl dehydration ” : 


^TTll “*■ Me>°== 0 <rai -M**® 00 * 11 - 

iOHj OH 

Now when the dextrorotatory methylhydrobenzoin, obtained by 
acting on Z-benzoin with magnesium methyl iodide, is dehydrated 
with concentrated sulphuric acid, the resulting methyldeoxybenzoin 
is optically inactive, as it would necessarily be if the mechanism of 
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the action were that of vinyl dehydration. But McKenzie and 
Roger (J., 1924,125, 2148) have shown that, when the dehydrating 
agent is dilute sulphuric acid, the optical activity does not disappear; 
the product is not, however, an optically aotive methyldeoxy- 

benzoin, but the lsevorotatory diethylenic oxide, • 

It is possible that the r-methyldeoxybenzoin, which is formed when 
concentrated sulphuric acid is employed, is produced from the 
lsevorotatory diethylenic oxide formed as an intermediate phase, 
whilst racemisation accompanies the transformation of the oxide 
into the r-ketone. 

In the experimental section, the preparation of d-methyldeoxy- 
benzoin is described, d -Alanine was converted into its ethyl ester 
hydrochloride, from which 1- $-amino-aot-diphenyl-n-propyl alcohol 
was obtained by the action of magnesium phenyl bromide.* When 
the amino-alcohol, with [a] D — 82° in chloroform, is acted on by 
nitrous acid, it gives the ^-ketone with [a] D + 207° in the same 
solvent. On the interpretation of semipmacolinic deamination, 
the following mechanism is suggested : 


Ph_S/Me 

Phr V ? 


Ah k 


(X.) V/JUL JU-2 

(laworotatory.) 


Ph 


(&) 


Ph* 


>o 


A: 


(a) 

-c<^ 


H OH-N:N (II.) 


Ph 


Ph- 


> 


•C-( 


4- 

* ^ 

-c< 


l 

(IV.) 

(III.) (dextrorotatory.) 


In a discussion of the Walden inversion, Biilmann (Annalen, 
1912, 388, 330) depicts the action of silver nitrate on a-bromo- 
propionic acid as taking place between the silver ion and the acid 
ion on the lines : 

CH 3 -CHBr00-0andAg + —> CH 3 -CH-C0-0 and AgBr. 

The resulting <e Zwitterion ” then combines with the hydroxyl ion 
from water: 


CH 3 -CH-C0*0 and (OH)- 


0H 3 *CH(OH)-CO-O. 


* The designations d~ and Z- throughout this paper mean dextrorotatory 
and lnvorotatory, respectively, and do not refer to configurative relation¬ 
ships. The dextrorotatory alanine is converted in the above case into a 
Isevorotatory amino-alcohol which is, however, configuratively related to 
the parent amino-acid. 



782 MCKENZIE, BOGEB, AND WILLS : ELIMINATION OF THE 


Biilmann advanced this idea as a basis of some generalisations 
which are untenable, as they were framed on an imperfect recognition 
of the literature and were not in accordance with the experimental 
facts. McKenzie and Clough (J., 1913,103, 687), in their criticism 
of Biilmann’s paper, pointed out that since a “ Zwitterion ” is 
supposed to be electrically neutral, it cannot even be urged that a 
free electric charge plays the part of the fourth grouping which is 
necessary for the retention of asymmetry. At the same time, the 
conclusion was drawn that if Biilmann’s idea were accepted, the 
formation of an optically active structure containing a tervalent 
carbon atom must be admitted, a view for which there was not the 
slightest experimental evidence. 

It might be submitted that such evidence is now forthcoming 
in the retention of asymmetry during the formation of d-methyl- 
deoxybenzoin (IV) from Z-P-amino-aa-diphenyl-?i~propyl alcohol (I). 
Various interpretations could be advanced, and of these the one 
which we favour as being the least unsatisfactory is the following. 
After the elimination of the nitrogen from (II), the carbon atom 
(a), from which the nitrogen has been detached, retains an electric 
charge K; the oxygen atom attached to the contiguous carbon 
atom (b) also retains an electric charge K\ so that (III) would be 
written thus (A); 



Were those charges of opposite kinds, positive and negative, the 
formation of diphenylpropylene oxide (B) would have been antici¬ 
pated instead of that of the isomeric methyldeoxybenzoin. Now 
diphenylpropylene oxide (Stoermer, Ber., 1906, 39, 2288) is a stable 
compound, which under the experimental conditions adopted would 
have been isolated if it had been formed. Since it is not formed, 
the assumption—a very problematical one—is made that the 
electric charges as pictured above are of the same sign, and repel 
one another. During the transposition of a phenyl group to carbon 
atom (a), we are dealing with a reaction of substitution, the charge 
K playing the part of a group and being displaced by a phenyl 
group which,may or may not occupy the position vacated by the 
a min o-group, so that on this picture a Walden inversion is possible 
within the molecule itself . 

There is no evidence available as to whether d-methyldeoxy- 
benzoin has the same configuration as the d-alanine from which it 
is prepared; so far as is known, it may equally well have the 
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opposite configuration. Now one of ns in the course of work on 
the Walden inversion has shown - that displacement racemisation 
very frequently accompanies the displacement of groups in optically 
active compounds, especially in such as have a phenyl group 
attached to the asymmetric carbon atom, and it is thus rather 
significant that the crude product from the deamination of the 
Z-amino-alcohol gave a value for its specific rotation which is 
considerably below that of the optically pure ketone (see experi¬ 
mental part). In this product we probably had to deal with a 
mixture of the r- and ^-ketones, from which the latter was easily 
isolated by repeated crystallisation. 

There are several examples on record where an electric charge is 
put forward as playing the part of a group in retaining asymmetry. 
For example, Marvel and Noyes ( J. Amer. Ghem. Soc., 1920, 42, 
2259) point out that the electronic formula for an aliphatic diazo¬ 
compound suggests the possibility of such a compound exhibiting 
optical activity, although this is not apparent from the formulae 
either of Curtius or of Angeli and Thiele. Chiles and Noyes (J. Amer. 
Chem. Soc., 1922, 44, 1798) claim to have obtained several optically 
active aliphatic diazo-compounds which do not contain an asym¬ 
metric atom in the old sense of the term, thus diethyl diazoglutarate 
is formulated as (C) on the basis of the Angeli-Thiele scheme, 

(C.) N=N :F± C<^Q H2 . C02Et |> C <cH 2 2 <]H 2 -C0 2 Et (D,) 

+ 

which is in better agreement with the modem views of Lewis and 
Langmuir than is (D) on the Curtius scheme. Further observations 
by Levene and Mikeska (J. Biol. Chem., 1922, 52, 485; 1923, 55, 
795) on diethyl diazosuccinate indicate that a compound of the 

type N 2 —can exhibit optical activity, whilst Phillips 

(J., 1925,127, 2552) has described an optically active form of ethyl 

+ •— 

^-toluenesulphinate, EtOS(*0)*C 7 H 7 . In a recent historical survey 
{Die Naturwissenschaflen , 1925, 331) Walden has also directed 
attention to the asymmetry of the sulphur, selenium, and tin 
compounds prepared by Pope, and suggests that the sulphur atom in 

the optically active methylethylthetine ion, 

for example, has an electric charge which plays the part of a group. 

Other examples of the application of semipinacolinic deamination 
for the preparation of optically active ketones are now described. 
Whereas c?-alanine gives, by the action of magnesium phenyl 
bromide on its ester hydrochloride, an amino-alcohol of the opposite 
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sign of rotation, the ami n o-alcohol obtained from ^-phenylalanine 
by the same method has the same sign of rotation as that of the 
parent amino-acid, namely, dextrorotatory, and it has the same 
configuration. The deamination, however, caused a change of 
sign, d-p-amino-aa-diphenyl-p-benzylethyl alcohol giving Z-benzyl- 
deoxybenzoin: 

- ?h>9-f^ Ph - 

OH NH 2 OH OH-NiN 

(dextrorotatory) 

Pi-co-raK^ 

(|) ^ (lsevorotatory.) 

I 

Thus, whilst dextrorotatory alanine gives dextrorotatory methyl- 
deoxybenzoin, the ketone derived from dextrorotatory phenyl¬ 
alanine is lsevorotatory. In a similar manner, ^phenylalanine was 
converted into a lsevorotatory amino-alcohol which gave d-benzyl- 
deoxybenzoin, The configuration of the d- and Z-benzyldeoxy- 
benzoins in relationship to the parent amino-acids is unknown owing 
to the possibility of an intramolecular Walden inversion during the 
deamination of the amino-alcohol. 

The optically active ketones described are very readily racemised 
at the ordinary temperature when a few drops of alcoholic potash 
are added to their alcoholic solutions. For comparison, the effect 
of the catalyst on J-benzoin is described. The catalytic racemisation 
of Z-benzoin was first interpreted by Wren (J., 1909, 95, 1593) on 
the basis of a desmotropic change caused by the migration of a 
hydrogen atom, and on this assumption d-methyldeoxybenzoin 
undergoes racemisation through an enolic complex: 

d- ^®>CH-CO-P1 l — > g>0=0<g C — > r- p^CH-CO-Ph. 

Subsequent work by McKenzie and Wren on the hydrolysis of 
optically active esters by alcoholic potash (compare McKenzie and 
Smith, Ber., 1925, 58, 894) and by McKenzie and Smith on the 
catalytic racemisation of optically active acid amides (J., 1922, 
121, 1348) has provided evidence that the catalyst is potassium 
ethoxide, and it is suggested that the hypothetical enolic isomeride 
is formed only after the catalyst has combined with the ester or 
amide. A similar interpretation can be advanced with regard to 
ketones like methyldeoxybenzoin which contain (a) a phenyl group 
attached to the asymmetric carbon atom, and also (b) a hydrogen 
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atom attached to the asymmetric carbon atom which in turn is 
attached directly to a carbonyl group. The point is emphasised 
that the latter hydrogen atom has no migrational tendency in the 
ketone itself , and does not become mobile until an additive complex 
with potassium ethoxide has first been formed. 

We are continuing our work on semipinacolinic deamination, 
more particularly with reference to the preparation of optically 
active ketones derived from phenylaminoacetic acid, phenylala nine 
and alanine. A few additional observations on the action of 
magnesium benzyl chloride on d-benzyldeoxybenzoin, ethyl r-alanine 
hydrochloride, and ethyl r-phenylaminoacetate hydrochloride, 
respectively, and on the deamination of r - p - amino - (3 -phenyl - a a - 
dibenzylethyl alcohol are recorded at the end of the expe rim ental 
section. 


Experimental. 

Optically Active Methyldeoxybenzoin . 

Action of Magnesium Phenyl Bromide on Ethyl d -Alanine Hydro¬ 
chloride .—The final purification of the d-alanine employed was 
effected by dissolving the amino-acid in hot water, and then adding 
rectified spirit until crystallisation started. The amino-acid 
separated in long, silky needles, and, for comparison with the value 
of the specific rotation quoted by Fischer (Ber., 1906, 39, 464), 
0*8000 g. was made up to 10 c.c. with N -hydrochloric acid; this 
solution gaVe a D +1-17° in a 1-dem. tube, whence [a] D + 10-4° 
for the hydrochloride (c = 11*276), a value identical with Fischer’s. 

d- Alanine ethyl ester hydrochloride (15 g., 1 mol.) was added in 
instalments to an ethereal solution of magnesium phenyl bromide 
prepared from bromobenzene (150 g., 10 mols.), and the mixture 
was heated for 5 hours. The additive complex underwent slow 
decomposition when ice, ammonium chloride, and ammonia were 
added. When the decomposition was completed, the mix ture was 
extracted several times with ether, the ethereal solution was dried 
with anhydrous sodium sulphate, the ether was expelled, and the 
resulting oil recrystallised from light petroleum. The crystals 
obtained were washed with light petroleum, and then consisted of 
the optically pure amino-alcohol (5*8 g.). The light petroleum was 
evaporated from the filtrates, the diphenyl was removed by distil¬ 
lation in steam, and the residual oil was extracted with ether. 
The oil resulting from the ethereal solution was dissolved in hot 
aqueous alcohol, and a mixture of oil and crystals separated on 
cooling. The oil was separated from the crystals by means of light 
petroleum, and in this maimer an additional 5*2 g. of the amino- 
alcohol were obtained. Total yield = 11 g. 


D D 
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In another preparation the procedure was varied as follows. 
d- Alanine ethyl ester hydrochloride (8 g.) was added gradually to 
the Grignard reagent prepared from bromobenzene (98 g.), and 
the mixture after 3 hours’ heating was decomposed by ice and dilute 
hydrochloric acid. In this case the diphenyl remained in the 
ethereal layer, which was separated from the aqueous layer con¬ 
taining the solution of the hydrochloride of the amino-alcohol. 
The latter solution was then decomposed by ammonia, but the 
precipitate which formed contained, not only the free amino-alcohol, 
but also some of its hydrochloride; the latter was removed by 
treatment with hot water. Yield of pure amino-alcohol = 4 g. 
The homogeneity of the amino-alcohol from this and from the 
preceding preparation was established by repeatedly crystallising 
from aqueous alcohol and examining the crystals polarimetrically. 
The amino-alcohol prepared from d-alanine is Isevorotatory in 
chloroform, or in ethyl alcohol. 

l-$-Amino-a.oi-diphenyl-ii-propyl alcohol , CH 3 *CH(NH 2 )*CPh 2 *OH, 
separates from aqueous alcohol in needles, m. p. 101-5—102*5°. 
The r-isomeride (McKenzie and Wills, loc. cit.) also melts at 101-5— 
102*5°. The Z-amino-alcohol is very sparingly soluble in water or 
in light petroleum, and readily soluble in ethyl alcohol, chloroform, 
benzene, toluene, or acetone (Found: C, 79-1; H,7-7. C 15 H 17 ON 
requires C, 79*3; H, 7*5%). Its colour reaction with concentrated 
sulphuric acid is similar to that exhibited by the r-isomeride. Its 
specific rotation was determined in chloroform : l = 2, c = 1*6776, 
< - 2-76°, [«Jf - 82*3°; - 3*32°, MSf - 99-0°. In 

ethyl alcohol: l = 2, c = 1-6628, - 2*11°, [ajff* = - 63*4°; 

offlr-—2-51°, WiSS* - 75*5°. 

The Action of Nitrous Acid on 1-p- Amino-xv.-diphenyl~n-propyl 
Alcohol . —-A solution of sodium nitrite (2 g.) in water (10 c.c.) was 
added drop by drop in the course of -£ hour to 2*2 g. of the amino- 
alcohol dissolved in 75 c.c. of 25% acetic acid, the temperature being 
kept at 0° during the addition. The whole was kept at 0° for 
5 hours. The oil, which at first separated, crystallised slowly in 
needles, which were collected, washed with water, and as usual 
dried in a vacuum over sulphuric acid before a polarimetric deter¬ 
mination was made. Yield: 1-9 g. In chloroform: l = 2, 

c = 2*0092, ag’ + 6*33°, [a]g* + 158°. Thus the Isevorotatory 
amino-alcohol gave a dextrorotatory ketone. After one crystal¬ 
lisation of the product from aqueous alcohol, fine, silky needles 
were obtained giving the following value in chloroform: l = 2, 
c = 2*0096, ag -f- 7*15°, [a]jf + 178°. As the substance, however, 
was not yet optically pure, the deamination of the amino-alcohol 
was conducted in three additional experiments with 2*5 g., 4*3 g.. 
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and 5*2 g., respectively. The 9 g. of crude ketone thus obtained 
were crystallised repeatedly from aqueous alcohol until deter¬ 
minations of the rotatory power showed that the ketone had been 
obtained pure. Five crystallisations were necessary. Yield = 4 g. 

d-Methyldeoxy benzoin, C 6 H 5 *CH(CH 3 )*CO*C 6 H 5 , crystallises from 
aqueous alcohol in glistening, silky plates or needles, m. p. 34—35° 
(Found : C, 85*5; H, 6*7. C 15 H 14 0 requires C, 85*7; H, 6*7%). 
It is readily soluble in the commoner organic solvents. It gives a 
pale yellowish-green coloration when a trace is dissolved in cold 
concentrated sulphuric acid. Determinations of its specific rotation 
gave the following results. In chloroform for c = 1-0715 {1=2): 


A . 6563 5S93 5461 4861 4358 

a w * .. 4-3-39° +4*44° 45*57° 47*99° 411*86° 

[a]W . 4158° 4207° 4 260° 4373° 4553° 


In ethyl alcohol : 

l = 2, c = 2*2320, < + 9*41°, [a]lf + 210*8°. 

After 1 day at the ordinary temperature, the solutions exhibited 
no autoracemisation. 

Optically Active Benzyldeoxybenzoins, 

Resolution of x-Phenylalanine. —The method of Fischer and 
Schoeller (. Annalen , 1907, 357, 1) was employed. Formyl-r- 
phenylalanine was resolved by brucine in methyl-alcoholic solution, 
and the resulting d- and Z-formyl-acids were hydrolysed by hydro- 
bromic acid. The d-phenylalanine obtained gave in aqueous 
solution : l = 2, c = 2*043, ag" + 1*43°, [oc]g* + 35-0°, whilst the 
Z-amino-acid gave in the same solvent: l = 2, c = 2*043, a B — 1*42°, 
[oc] D — 34*8°. The values quoted by Fischer and Schoeller are: 
for the d-acid, + 35*14°, and for the Z-acid, [<x] D — 35*09°. 

For the preparation of the optically active phenylaminoacetic 
acids, the resolution of the r-acid by Reychler’s d-camphor- 
sulphonic acid * was in our experience (McKenzie and Wills, loc . cit.) 
more practicable than that described by Fischer and Weichhold (Ber., 
1908, 41, 1286) through the agency of the formyl-r-acid. Accord¬ 
ingly, attempts were made to prepare the optically active phenyl¬ 
alanines on s imil ar lines. The homogeneous dAdB salt was obtained 
by combining the r-amino-acid with an equimoleeular quantity of 
<Z-camphor sulphonic acid, and then crystallising the salt several 
times until the rotation was constant in value. 

d -Phenylalanine d- camphorsulphonate separates from water in 

* Recent work on the constitution of Reychler’s acid indicates that the 
sulphonic group occupies the 10-position in the camphor molecule with 
sulphonation of the methyl group (Wedekind, Schenk, and Stusser, Ber., 
1923, 56, 633). 


D D 2 
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needles. In aqueous solution: Z = 2, c = 2*0200, ajf 6 * + 0*74°, 
MS? r + 18*3°. We did not, however, find that this was a convenient 
method for effecting the resolution. Crystallisation took place 
too sluggishly, whether effected from water, benzene, aqueous 
alcohol or aqueous acetone, and the yield of the pure salt was small. 

The enantiomorphous salt was prepared by combining Z-phenyl- 
alanine with Z- camphor sulphonic acid in methyl-alcoholic solution. 

1 -Phenylalanine l-camphorsulphonate separates from methyl alcohol 
in plates, m, p. 109—110°. In aqueous solution : Z = 2, c = 2*0208, 
— 0*74°, M5T 5 * — 18*3°. 

The Action of Nitrous Acid on 1- Amino- olol- diphenyl-^-benzyl- 
ethyl Alcohol. —The Z-amino-alcohol was prepared by the action of 
magnesium phenyl bromide on ^-phenylalanine (compare the 
preparation of the (Z-amino-alcohol, McKenzie and Wills, loc. tit.). 
The mixture of 1*9 g. of the Z-amino-alcohol and 40 c.c. of 25% acetic 
acid was warmed until most of the solid had dissolved, and was 
then cooled to 0°. The gradual addition of a solution of sodium 
nitrite (1*3 g. in 10 c.c. of water) during 30 minutes caused the 
separation of a voluminous solid, which was kept for 4 hours at 0° 
in contact with the solution. This solid (1*25 g.) was strongly 
dextrorotatory , giving in chloroform solution [a] D + 233° for 
c == 1*346 (Z = 2). It consisted of the almost pure ketone, and was 
recrystallised twice from ethyl alcohol. 

d-Benzyldeoxybenzoin , CH 2 Ph*CHPh*CO*Ph, is sparingly soluble 
in ethyl alcohol, from which it separates in silky needles, m. p. 
121—121*5° (Pound : C, 88*3 ; H, 6*5. C 21 H 18 0 requires C, 88*1; 
H, 6*3%). It is readily soluble in chloroform, ether, or acetone. 
Its specific rotation was determined in chloroform : Z = 2, c = 1*348, 
ag* + 6*50°, [a]Sf + 241°. In ethyl alcohol: Z = 2, c = 0*392, 
ojf + 1*90°. 

The Action of Nitrous Acid on d- $-Amino-&oi-diphenyl-$-benzyl- 
ethyl Alcohol. —The deamination was conducted as in the preceding 
case. The crude product (0*8 g.) obtained from the d-amino-alcohol 
(0*9 g.) was strongly Icevorotatory in chloroform solution, giving 
Mr — 1^5° for c = 1*5984 (Z = 2). It was crystallised thrice from 
ethyl alcohol until the optically pure ketone was obtained. 

l-Benzyldeoxybenzoin crystallises from ethyl alcohol in silky 
needles, m. p. 121—121*5°. With concentrated sulphuric acid, a 
trace of the compound gives a faint greenish-yellow coloration. 
The following determinations of the specific rotation were made. 
In chloroform: Z = 1, c = 1*258, - 3*04°, Mb 5 ' - 242°. 

In acetone: 1=1, c = 1*118, 4 s * - 2*45°, Mjf-219 0 ; ~ 

3*00°, [«]& - 268°. 

It is very unusual to find an optically active compound and 
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its inactive isomeride melting at practically the same temperature. 
Several such cases have been noted, in the course of the present 
research; thus, r-(3-amino-aa-chphenyl-(3-benzylethyl alcohol melts 
at 144-5—145-5° (McKenzie and Richardson, J., 1923, 123, 91), 
whereas the d-isomeride melts at 143—144° (McKenzie and Wills, 
loc. cit p. 293). r-Benzyldeoxybenzoin melts at 121-5—122° 
(McKenzie and Richardson, loc. cit.; McKenzie and Roger, J., 
1924, 125, 849), whereas the optically active isomerides melt at 
121—121-5°, and reference has been already made to Z- and r-P-amino- 
aa-diphenyl-tt-propyl alcohols, which melt at 101*5—102*5°. 

Catalytic Racemisation of Optically Active Ketones . 

l-Benzoin. —This ketone was prepared by the action of magnesium 
phenyl bromide on Z-mandelamide (McKenzie and Wren, J., 1908, 
93, 309). A determination was made of its specific rotation in 
ethyl-alcoholic solution : Z = 2, c = 1-1550, a}f — 3-06°, [a]Jf — 
132*5°. To this solution in a 2-dcm. tube, four drops of ethvl- 
alcoholic potash (0-4487A) were added, and quickly mixed. 
Polarimetric readings were taken at intervals, and after 1 hour 
three additional drops of the alcoholic alkali were added. The 
initial reading immediately after the addition of the alkali was 
a D — 3*05°; t = interval (minutes) after addition of the catalyst, 
and 0° = observed angle : 

t . 15 30 45 60 65 80 100 120 140 

8° ... -2*77 -2*68 -2*61 -2*61 -2*49 -2*26 -2-00 -1*82 -1*72 

t . 180 220 250 280 340 400 23 hrs. 31 hrs. 5 days 

6° ... -1*48 -1*22 -1*06 -0*91 -0*70 -0*55 -0*24 -0*22 -0*22 

d -Methyldeoxybenzoin. —An ethyl-alcoholic solution of the ketone 
(c = 0*8095) gave a }f +- 3*37° in a 2-dcm. tube. Four drops of 
ethyl-alcoholic potash (0*4487^7) were mixed with the solution, 
and the fall in rotation was noted as below : 


t (mins.) . 1 10 20 30 40 50 60 90 

0° . +3*36 +3*25 +3*13 +3*04 +2*94 +2*83 +2*74 +2*54 

t (hours) 2 3 4 5 6 7 7* 23£ 29J 47 J 

8 ° . +2*32 +2*00 +1*70 +1*49 +1*25 +1*04+0*94+0*10+0*07 +0*00 


The alcohol was evaporated from the solution, and the solid was 
crystallised from ethyl alcohol; silky needles of r-methyldeoxy- 
benzoin, m. p. 49*5—50-5°, separated. 

d-Benzyldeoxybenzoin. —An ethyl-alcoholic solution of the ketone 
(c == 0-392) gave ajf + 1*90° in a 2-dcm. tube, and this value was 
unchanged after 1 day at the ordinary temperature. Three drops 
(0-05 c.c.) of ethyl-alcoholic potash (0*44871^) were then mixed 
with the solution and the fall in rotation was noted as below : 
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u 

e. 

u 

6. 

t 

8. 

1 min. 

+ 1-87° 

4 hours 

4-1*26° 

24 hours 

4-0*31° 

10 „ 

1*82 

5 „ 

1*15 

26 „ 

0*25 

20 „ 

1-78 

6 „ 

1*05 

32 „ 

0*16 

30 „ 

1-74 

7 „ 

0*96 

48 „ 

0*06 

1 hour 

1*63 

8 „ 

0*88 

64 „ 

0*05 

2 hours 

1*49 

11 „ 

0*74 

73 „ 

0*02 

3 „ 

1*37 

12 „ 

0*69 



Action of Magnes-ium 

Benzyl Chloride on 

d -Benzyldeoxybenzoin 


—The mixture of the ketone (0*6 g.) and the Grignard reagent 
prepared from benzyl chloride (2 g.) was boiled for 6 hours and 
then decomposed by ice and dilute sulphuric acid. The ethereal 
layer was dried, the ether expelled, and the oil triturated with hot 
light petroleum. The resulting solid was crystallised from light 
petroleum (b. p. 80—100°), d - a p - diphenyl - a (3 - dibenzylethyl alcohol, 
CH 2 Ph*CHPh*CPh(OH)*CK 2 Ph, separating in rosettes of needles, 
m. p. 167—168° (Found: C, 88*6; H, 7*0. C 28 H 26 0 requires 
C, 88*8; H, 6*9%). In chloroform : Z = 1, c = 1*306, a]J B + 2*02°, 
MS’ + 155°. 

We are indebted to Mr. Arthur Kelman Mills for the following 
observations. 

Action of Magnesium Benzyl Chloride on Ethyl t-A lanine Hydro - 
chloride. —The ester hydrochloride (1 mol.) was heated for several 
hours with the Grignard reagent prepared from benzyl chloride 
(9 mols.). The mixture was decomposed by ice and ammonium 
chloride, the ether layer separated, the ether expelled, and the 
dibenzyl removed by steam distillation. The product was purified 
by crystallising first from light petroleum and then from rectified 
spirit. 

T-fi-Amino-aiaL-dibenzyl-n-propyl alcohol , 

(PhCH 2 ) 2 C(OH)*CHMe*NH 2 , 

is moderately soluble in rectified spirit, from which it crystallises 
in plates, m. p. 93*5—94*5° (Found : C, 80*1; H, 8*4. C 17 H 21 ON 
requires C, 80*0; H, 8*3%). 

Action of Magnesium Benzyl Chloride on Ethyl v-Phenylamino- 
acetate Hydrochloride. —The ester hydrochloride (10 g., 1 mol.) was 
added to the Grignard reagent prepared from benzyl chloride 
(52*5 g., 9 mols.) and boiled for 3 hours. After decomposition with 
ice and ammonium chloride, the ethereal layer was separated and 
dried and from it an oil was obtained which was dissolved in hot 
light petroleum (b. p. 60—80°). 6*9 G. of solid crude amino- 
alcohol separated. This was recrystallised from rectified spirit; 
6*0 g. of p-amino-aa-dibenzyl-p-phenylethyl alcohol, m. p. 125—126°, 
were then obtained. This compound has already been described 
by Thomas and Bettzieche {Z. physiol. Chem., 1924,140, 244), who 
used somewhat different experimental conditions from the above. 
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Deamination of r- Amino- fi-phenyl-cta-dibenzylethyl Alcohol .—To 
the solution of the amino-alcohol (4 g.) in 25% acetic acid (120 c.c.) 
an aqueous solution of sodium nitrite (3 g.) was added while the 
whole was maintained at 0°. The white solid which at first separ¬ 
ated soon became viscous, and was extracted with ether. The 
product from the ethereal solution was dissolved in alcohol, and 
the solid which separated was crystallised twice from light petroleum 
(b. p. 40—60°). The resulting rosettes of needles consisted of 
benzyl ap-diphenylethyl ketone, CH 2 Ph*CHPh*CO*CH 2 Ph, m. p. 
74—75°. Por comparison, a-phenyl-pp-dibenzylethylene glycol 
was prepared from ethyl dZ-mandelate by the action of magnesium 
benzyl chloride, and dehydrated with concentrated sulphuric acid 
according to Orekhov (Bull. Soc. chim. 3 1919, 25, 111). When 
prepared in the latter manner, the ketone had m. p. 74—75° 
(Orekhov gives 75—76°), and there was no depression of the melting 
point when it was mixed with the product of the deamination. 

The Carnegie Trust for the Universities of Scotland afforded 
facilities for the prosecution of this work, and we desire to express 
our thanks both to them and to the Government Grant Committee 
of the Royal Society. 

University College, Dundee. 

University of St. Andrews, [Received, January 4 th , 1926.] 


CVII ,—Experiments on the Variation of the Angles 
of Crystals during Growth . 

By Ernest Sydney Hedges. 

The slight deviations from the theoretical angle which are to be 
observed in almost every crystal and the replacement of a theoretical 
face by a series of faces inclined to each other at minute angles are 
familiar to everyone who has carried out accurate measurements 
with a goniometer. In the practical measurement of these crystals 
it is customary to take the mean of such a set of readings, and in the 
majority of cases the method produces good results from a theoretical 
point of view. These vicinal faces are generally ignored, therefore, 
in determining the symmetry of the crystal. A study of the actual 
process of crystallisation, however, is incomplete if these forms are 
left neglected; in fact, regarded from a purely physical point of 
view, the existence of such faces may be a matter of some importance, 
and one which may help towards the elucidation of the process of 
crystallisation. 

Several investigators have been interested in these variations and 
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have made exhaustive measurements on crystals which have been 
removed from the mother-liquor. Pfaff ( Sitzungsber . Physik. Med. 
Erlangen , 1878, 10, 59), from a study of cubic crystals, concluded 
that the variations were exhibited by birefringent specimens, 
indicating a state of strain. Brauns ( Neues Jahrbuch , 1887,1, 136) 
could not confirm this opinion, and experiments with lead nitrate 
led him to suggest that the vicinal faces are really faces of low 
indices which have been distorted under the influence of gravity. 
Wulfl (Z. Kryst . Min., 1901, 34, 449) supposed the variations to be 
due to concentration currents playing over the crystal during its 
growth. 

In order to study this problem more fully, a special type of 
goniometer was devised by Miers (Phil. Trans., 1903, A, 202, 459), 
which permitted of the measurement of a crystal during its growth. 
The observations were concerned mainly with potassium alum and 
ammonium alum, and it was shown that the octahedral planes are 
invariably replaced by vicinal faces belonging to triakis oetahedra 
which are subject to continual variations during the growth of the 
crystal. 

The experiments described in the present paper are a continuation 
of this work, which the author has undertaken at the suggestion of 
Sir Henry Miers, using the same goniometer. The observations 
have been made over the course of the last three years and the work 
had to be discontinued abruptly. It is thought that the results 
so far achieved, although incomplete, may prove of interest and 
value. 

Experimental. 

Orthorhombic System .—For the purpose of studying the variations 
of angle exhibited by the vicinal faces during crystallisation, the 
crystal was im m ersed in a slightly supersaturated solution made up 
at a few degrees above room temperature and readings were taken 
at various time intervals for several hours. As a rule, imm ediately 
after imme rsion the images yielded by the vicinal faces became poor 
owing to a slight dissolution of the crystal. Crystallisation began 
quickly at first and subsequently became slower as the temperature 
of the solution approximated to that of the room. The substances 
used were sodium potassium tartrate and magnesium sulphate. 

Two important results were derived from these experiments. 
(1) During the growth of a crystal the number of vicinal faces 
increases at first, generally reaching a maximum about one hour 
after immersion, after which the number of images steadily 
diminishes. 

This process runs parallel with the rate of crystallisation, which 
increases to a maximum during the initial cooling and then slows 
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down as the crystallising temperature reaches that of the room. 
The following series of measurements, giving the readings for 
images from the vicinal faces occurring in a fixed portion of the 
prism zone of sodium potassium tartrate, illustrates this point. All 
columns of figures are to be read vertically. 

Table I. 


2.30 

p.m. 

2.45 

p.m. 

3.00 

p.m. 


3.15 p.m. 


4.25 £ 


269° 

42*' 

270° 

10' 

269° 

55*' 

270° 

0' 272° 

26*' 

271° 

2' 

270 

10 

271 

4* 

270 

5* 

270 

7* (A) 272 

31 

271 

10 

272 

35 

271 

14 

271 

8 

270 

15 272 

40 

272 

24 



271 

22 

271 

23* 

270 

57 


272 

47 



272 

10 

271 

59 

271 

24 








272 

27 

272 

0 








272 

35 

272 

17 





This series of results is representative of the behaviour observed 
with nine crystals of sodium potassium tartrate. Similarly, Table II 
shows the total number of faces in the prism zone of magnesium 
sulphate yielding definite images at various times during the growth 
of a crystal, and is characteristic of the general results obtained with 
numerous other crystals. 

Table II. 


Time . 1*25 p.m. 1-45 p.m. 2-10 p.m. 2*45 p.m. 

No. effaces . 9 13 16 11 


(2) During the process of growth, the positions of the faces undergo 
rapid variations of considerable magnitude. 

A rather extreme case was observed with the face marked A in 
Table I—an image chosen on account of its peculiar brightness. 
The image was kept under continuous observation for an hour and 
its position was read every minute. The readings vary in a very 
irregular fashion, the highest being 270° 10' and the lowest 269° 50'. 
The variation here is unusually large for an individual image, and 
this may correspond with the very rapid growth of the crystal which 
was observed in this particular experiment. The next series of 
readings, taken at five-minute intervals on a different crystal, is 
more characteristic of a general case: 205° 22', 205° 20', 205° 20*', 
205° 19*', 205° 20', 205° 20*', 205° 20'. 

An idea of the individual variations in the positions of the faces 
in the case of magnesium sulphate is gained from the following 
values for two bright images taken diuring growth. This example 
has been selected from series of readings taken with eleven different 
crystals of magnesium sulphate at various times. 

4.40 p.m. 5.35 p.m. 6.15 p.m. 

264° 7*' 264° 11*' 264° 14' 

264 16 264 13* 264 16* 

D D* 
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Tetragonal System .—A few experiments carried out with di- 
ammonium hydrogen phosphate confirmed the same general 
results. The faces on these crystals belong to two forms—prism 
and pyramid—and according to Groth no other forms have been 
observed. Both forms were found to be replaced by vicinal faces 
and the measurements of the prism zone given in Table III show that 
there is a maximum deviation of 20' from the right angle. 


Table III. 



2.40) 

p.m. 



3.10 p, 

.m. 



3.35 

P 

.m. 


o 
00 
H 
f—1 

38' 

298° 

36'1 

118° 

37}') 

298° 

4I'\ 

118° 

36' 


298° 

34' 



298 

33 / 

118 

36 / 

298 

35 / 






208 

37 

28 

34 

208 

35 

28 

34 1 

208 

33 


28 

34' 







28 

20 / 




28 

20. 


Cubic System .—More detailed experiments were conducted with 
sodium chlorate. Initially, the method was the same as in the 
foregoing case, i.e., the measurements were taken over the 
course of a few hours during the slow cooling of a solution. Under 
such conditions, the crystal is never in equilibrium with the mother- 
liquor. It is necessary to reproduce only one set of readings to 
represent the general results observed with nineteen crystals which 
have been examined. 

Table IV" records the complex images replacing the cube faces 
of a dextrorotatory sodium chlorate crystal. In addition to the exact 
position in the horizontal plane, the direction of those images which 
are out of the horizontal zone is indicated, although for the present 
purpose the distance above or below the zone was not measured. 


Table IV. 


193° 

192 

192 

193 
193 


1,45 p.m. 

sr 

33 


Pj-V. bright. 


2.15 p.m. 

192° 27' Below. 

192 33* Below. 

193 1* Two vert., v. 

bright. 


2.45 p.m. 


192° 28' 
192 45* 

192 59 

193 0 

193 2 


Below. 

On. 

V. bright. 


3.20 p.m. 
192° 28'Below. 
192 30 
192 43 On. 

192 54 

192 59 Two vert. 


282 

37 


282 

37* 


282 

46 

Below. 

282 

40 


282 

54 


282 

45 

Below. 

282 

58 

Above. 

282 

51 





282 

54 

V. bright. 




282 

56 

12 

31 


12 

30 


12 

37 


12 

36 


12 

57 


12 

56 


13 

1 ' 

) 

13 

0 I 

1 SI. above i 

13 

13 

3 

5 . 

rV. bright. 

13 

2 J 

I bright. 

102 

40 

Above. 

102 

36 

Above. 

102 

43 

Three vert. 

102 

39 


102 

46 

Above. 

102 

43 

11 

102 

55 

Two vert. 

102 

46 





102 

63 

On! 




102 

67 

Above. 


282 37* 

282 40 

282 52* Two vert. 


12 30 

13 0 

13 1* 


Bright. SI. 
above. 


102 43 Above. 

102 47 

102 52 On. 

102 54 Below. 


282 39 
282 48 

282 51 V. bright 


12 29 
12 35 

12 58 Above, v, 
bright. 


102 43 Above. 
102 47 „ 

102 51 On. 

102 53 Below. 



THE ANGLES OE CRYSTALS BERING GROWTH. 795 

In this case, the mean of the vicinal faces in the horizontal zone 
replacing the cube face is calculated, and Table V, where these 
values are grouped, indicates that it is impossible to ascertain the 
true position of the cube faces by taking the mean of such readings. 


Table V. 

Mean Positions. 


Time. 

A. 

B. 

C. 

D. 


1-45 

p.m. 

192° 

45J' 

282° 45V 

12° 52' 

102° 

49' 

2.15 

99 

193 

14 

282 48 - 

12 35 

102 

53 

2.45 

99 

193 

oi 

282 57 

12 46 

102 

52 

3.20 

99 

192 

57 

282 44£ 

12 32 

102 

51 




Suggested Cube Faces. 



1.45 

99 

193 

1* 

282 54 

13 1 

102 

55 

2.15 

99 

193 

14 

282 54 

13 1 

102 

53 

2.45 

99 

193 

0 

282 52| 

13 0 

102 

52 

3.20 

99 

192 

59 

282 51 

12 58 

102 

51 

The table also 

gives 

the readings which would correspond to the 


cube faces on the assumption that the vicinal faces in accordance 
with the symmetry of the crystal belong to forms {hko} in a hori¬ 
zontal zone on one face and {old} in a vertical zone on the adjacent 
face. The suggested cube face is the point of intersection of a 
vertical zone with a horizontal zone. The validity of the assumption 
is shown later. For example, at 2*15 p.m., the reading 193° 14' 
represents an image in the horizontal plane which is duplicated in the 
vertical plane, and an examination of the tables shows that this face 
is prominent throughout the growth. Parallel to this face there 
occur the readings 13° 0' and 13° 2' arranged symmetrically about 
the suggested cube face, and inspection shows these faces to be 
prominent throughout. On the other hand, at right angles to these 
faces there is nothing to correspond. If the probable positions of the 
other pair of cube faces are worked out by the same method, they 
have a mean value of 282° 53' and 192° 53'. 

The Vicinal Faces in Relation to the Symmetry. —The symmetry of 
sodium chlorate is the lowest type of the cubic system. There are 
no planes of symmetry, but there is a threefold axis passing through 
each solid angle of the cube and a two-fold axis normal to each cube 
face. If, therefore, the vicinal faces belong to the form {hko} and 
are consistent with the symmetry of the crystal, one would expect 
the vicinal faces replacing each pair of opposite cube planes to be 
disposed alike and to differ from the other pair in a perpendicular 
sense. This has been found to occur without exception in every 
crystal of sodium chlorate examined. In the cube faces A and C, 
the images are arranged mainly in the horizontal zone and in faces 
B and D they occur for the most part in a vertical zone. 

Additional evidence on this point is observed when the crystal 

D d* 2 
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is first immersed or during the incipient stages of dissolution when 
the temperature of the room rises. Under such conditions, a narrow 
band or haze of light appears in the field which represents either a 
rounded surface or a continuous series of facets etched on the crystal 
by the solvent. On one pair of parallel faces this band lies in the 
horizontal plane and on the other pair it is vertical. Conditions are 
often realised when such a vertical band is present simultaneously 
with well-developed images occurring either in the band or in the 
horizontal zone. This condition permits of a more certain way of 
determining the positions of the true cube faces, which is applicable 
even when the cube faces are themselves absent. Accurate measure¬ 
ments of sharp images appearing in the horizontal and vertical 
bands can be made and the point of intersection of the zones may 
be taken as the theoretical position of the cube face. 


Fig. 1. Fig. 2. 



Thus, in one crystal, the positions of the vertical bands yielded by 
the faces B and D were measured as 104° 10' and 284° 10', respec¬ 
tively. The true cube faces may be taken, therefore, as 14° 10', 
104° 10', 194° 10', 284° 10'. The images actually yielded by the 
faces A and C were : A = 13° 54', 14° 4', 14° 20'; C = 194° O', 
194° 20'. Although the cube faces are here not present, they are 
replaced by faces inclined symmetrically on either side. 

The images, however, are not confined solely to the horizontal 
plane or to the vertical plane, and several occur which do not belong 
to either zone. Fig. 1 represents the appearance of the field in view¬ 
ing the horizontally disposed face of a dextrorotatory crystal of 
sodium chlorate and may be compared with Fig. 2, which represents 
a similar state in a Isevorotatory crystal. 

Attention may be directed to the upward trend from left to right 
in the faces A and C of the right-handed crystal and the downward 
trend from left to right in the corresponding faces of the left-handed 
crystal. Similarly, the trend of faces B and D was in the opposite 
direction in the two enantiomorphs. The angles XOY and PQR 
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were measured as 16° and 17°, respectively. This effect was noticed 
in two other specimens (right- and left-handed, respectively) which 
originated in the same batch of crystals. In later experiments, 
however, such a differentiation between the optical isomerides was 
not observed. No cases have appeared where the disposition is in 
an opposite sense to this, but those images which do not belong to 
either zone have been arranged in an apparently haphazard way. 

Thus, although it is not possible to deduce the direction of optical 
rotation from the disposition of the vicinal faces, there is a tendency 
for these to be arranged in accordance with the optical properties 
of the crystal. 

1Experiments on Slow Growth .—With the object of studying the 
forms produced when the crystal is in true equilibrium with the 
solution, a crystal of sodium chlorate was induced to grow very 
slowly over a period of several weeks and readings were taken every 
morning about 9.30 a.m. before the room had warmed up. To 
realise favourable conditions for such experiments was a matter of 
considerable difficulty and in the damp Manchester atmosphere it 
was only found possible during the summer months; at other times 
of the year, the saturated solution tended to gain water often. 
When the necessary climatic conditions prevailed, the method 
adopted was to place a glass cover over the whole instrument during 
the night, when the crystal grew mainly by cooling, and to remove it 
during the day, when the crystal grew mainly by evaporation. In 
this way, crystallisation was always slow and a crystal did not 
increase in breadth by more than a quarter of an inch in a month. 

The arrangement of the images during the first stages of slow 
growth was precisely similar to that already described, during the 
rapid growth of sodium chlorate crystals, the complex faces A and C 
differing in a perpendicular sense from the faces B and D. Again, 
the total number of images present underwent a progressive decrease 
with time. In addition to this, however, there was observed a most 
marked flattening of the forms during the process—that is to say, 
the images gradually approached one another until finally what 
appeared to be a single perfect cube face remained. 

To take an example, a crystal was immersed on May 30th, 1924, 
and Table VI shows the horizontal extent of the complex face A 
(i.e., the difference in minutes between the extreme images) on 
successive dates. 

Table VT. 


Date. 

Extent. 

Date. 

Extent. 

Date. 

Extent. 

May 30th 

43J' 

June 4th 

H' 

June 16th 

0 

June 1st 

37 

„ 5th 

9 

„ 18th 

0 

„ 2nd 

8 * 

„ 9th 

14 

„ 20th 

0 

„ 3rd 

9 

„ 12th 

2 i 

„ 23rd 

19' 





„ 30th 

8 i 
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The readings 0 for June 16th, 18th, and 20th indicate that on those 
days there was a single image in the field. An unusual spell of sunny 
weather over the week-end June 20th—23rd, during which the glass 
cover was left on, caused a partial dissolution of the crystal, so that 
the process takes a new start from that date. 

Further, during slow growth, the forms flatten with time in both 
the horizontal and vertical zones, so that the four faces tend to 
become alike. The case was never realised where the crystal con¬ 
sists of four perfect cube faces existing simultaneously, although 
there seems to be no doubt that such a state may be arrived at under 
favourable conditions. Crystals have been observed where at 
different times each of the four faces in the zone has yielded an 
image corresponding to a true cube face. As a rule, only one pair 
of faces would give a single image in the theoretical place of the 
cube and the other pair would give duplicate images arranged 
symmetrically. For instance, a crystal after growing for a period 
of 24 days gave perfect single images at 195° 50' and 15° 50' and 
images of equal intensity arranged symmetrically at 285° 49', 285° 
51', and 105° 49', 105° 51'. The following morning, at 195° 50' and at 
15° 50' there were duplicate images placed one minute above and 
below the zone, respectively. It is difficult to conceive of a more 
faithful representation of the symmetry of sodium chlorate. 

The Movement of the Faces .—Evidence has been given of the con¬ 
tinual variation in the positions of the images, and this point has 
received comment by Miers (Zoc. cit.), who stated that with potash 
alum the faces replaced each other per salium in accordance with the 
law of rational indices. Throughout the present experiments, this 
has been the case with sodium chlorate and also with ammonium 
phosphate. 

On the other hand, with magnesium sulphate, and particularly 
with sodium potassium tartrate, two kinds of movement have been 
observed : not only do the images move by successive replacement, 
but certain of the images were observed to travel across the field 
in a continuous manner. This motion was quite rapid, the path 
generaEy being about five to ten minutes of arc traversed in about 
one second of time. The most usual form in which the movement 
was manifested was when two bright faces occurred on the crystal 
close together; there was often a continuous migration of less 
bright but perfectly definite images from one to the other, the rate 
being of the order of one every few seconds. In some instances, an 
image was observed to leave a relatively fixed face, move out some 
distance, and then return. The latter fact seems to remove any 
doubt as to whether the movements may be a spurious effect due 
to the optical deflection of an image by currents of solution of 
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varying refractive index. Such deviations do undoubtedly occur, 
particularly if the solution is gently stirred, but are in the nature 
of a quick tremor of relatively small displacement during which the 
outline of the image becomes indefinite. 

Theoretical. 

As an explanation of vicinal faces Miers has suggested that 
the density of packing of molecules in a crystal is considerably 
greater than the density of packing in the saturated solution and 
that the molecules of solute, as they separate out of the crystallising 
solution, cannot squeeze themselves into the very close packing of a 
face with simple indices. On the other hand, the reticular density 
of a face inclined at an angle of a few minutes to one of the principal 
planes of the crystal is very low and much more suitable for the 
deposition of new units of the structure. 

Some of the experiments which have been described above lend 
additional support to this view, for it is found that the crystal 
approximates more and more closely to the ideal form the slower the 
rate of growth. In fact, by carefully controlling the slow growth of 
sodium chlorate, single true cube faces may be obtained although 
these faces are generally absent in the ordinary way. Under such 
conditions of growth, it seems reasonable that the molecules of solute 
can easily take their places in a plane of high density. 

Summary. 

Measurements of the vicinal faces in crystals of sodium potassium 
tartrate, magnesium sulphate, diammonium hydrogen phosphate, 
and sodium chlorate, taken during the actual growth of the crystal, 
show that the number of faces undergoes an initial increase with 
time followed by a decline. The images undergo continual and 
rapid variations in position, generally by replacement, but in certain 
cases by continuous progression. The vicinal faces in sodium 
chlorate are consistent with the symmetry of the crystal, and a 
method is devised which enables the true positions of the ideal cube 
faces to be found even when they are absent. The slower the growth 
of the crystal, the more closely does it approximate to the ideal form. 
By carefully controlling the slow growth of sodium chlorate, single 
perfect cube faces may be developed. The experiments support the 
views of Miers on the cause of vicinal faces. 

In conclusion, the author wishes to express his cordial thanks to Sir 
Henry A. Miers, F.R.S., for the constant encouragement and advice 
which he has received from him throughout the course of this work. 

The University, Manchester. [Received, January I4$i, 1926.] 
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CVIII .—The Nitration of Benzamidines. 

By Robert Forsyth, Vishvanath Krishna Nimkar, and 
Frank Lee Pyman. 


Pyman and Stanley (J., 1924, 125, 2484) showed that nitration 
of 2-phenylglyoxaline and its 4(o)-monocarboxylic acid gave mainly 
the p-nitro-compounds (I and II), whereas 2-phenylglyoxaline- 
4 : 5-dicarboxylic acid gave mainly the m-nitro-compound (III). 


CR —W 
(I, R = BL 



II, R = C0 2 H.) 


ho 2 c*£>nh. 

H0 2 OC—N* 



(III.) 


In view of the fact that 2-phenylglyoxaline and its monocarboxylic 
acid yield salts with mineral acids whereas its dicarboxylic acid 
does not, they suggested that the different character of the doubly- 
linked nitrogen atom, that is, the nitrogen atom which takes part 
in salt formation (compare Burtles and Pyman, J., 1923,123, 361), 
was responsible for the different results. In 2-phenylglyoxaline, 
this nitrogen atom would be regarded as saturated or positive by 
combination with acid according as to whether the hypotheses of 
Flurseheim or Lapworth were employed, whilst in the dicarboxylic 
acid it would be regarded as unsaturated or negative. 

If this explanation were correct, then one would expect that 
nitration of benzamidine by the method employed for 2-phenyl- 
glvoxaline, that is, addition of the nitrate of the base to sulphuric 
acid, would yield mainly the o- and p-nitro-compounds, but as a 
matter of fact it proves to give more than 90% of ra-nitrobenzamidine 
(IV). . 

Various possible explanations of the essentially different results 
of nitrating 2-phenylglyoxaline and benzamidine have now been 
examined. It might be suggested that since glyoxalines do not 
readily yield acyl derivatives, we should not postulate nitroamine 
formation in this case, but might reasonably do so in the case of 
benzamidines. An explanation would then be furnished analogous 
to that devised by Holmes and Ingold (J., 1925, 127, 1800) to 
explain the difference between the results of nitrating secondary 
and tertiary benzylamines. Such an explanation, however, was 
found to be inapplicable in our case, since the nitration of benzenyl- 
trimethylamidine, which cannot yield a nitroamine, gave more than 
80 % of m-nitrobenzenyltrimethyfamidine (V). 


NH 


i>c O 

(IV.) N0 2 



ch 2 -nh 

CH„—N 


(VI.) 



(V.) NO, 
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Next, it might be thought that the different results of nitrating 
2-phenylglyoxaline and benzamidine might be due to the fact that 
the two nitrogen atoms were linked together by a closed chain in the 
former compound and might neutralise each other's influence. This 
view was disproved by the nitration of 2-phenyl-4 :5-dihydro- 
glyoxaline, which gave more than 80% of 2-m-nitrophanyl-4 :: 5- 
dihydroglyoxaline (VI). 

It seems to us that the noteworthy difference between the results 
of nitrating 2-phenylglyoxaline and its dihydro-derivative are 
probably associated with the fact that glyoxalines have aromatic 
character whereas their dihydro-derivatives have not. It thus 


appears that the amidinium ion, 



which is contained 


in the salts of benzamidine, benzenyltrimethylamidine, and 2- 
phenyl-4:5-dihydroglvoxaline, is strongly meta-directive, the 
nitrogen atoms exerting a similar influence to that of the oxygen 
atom in the carboxyl group. In the basic 2-phenylglyoxalines, the 
influence of the nitrogen atoms is suppressed, and the glyoxalinium 
ion produces an op-directive effect, due to the aromatic complex as a 
whole, and similar to that of phenyl in directing the p-nitration of 
diphenyl. The exceptional predominant m-nitration of the non- 
basic 2-phenylglyoxaline-4 : 5-dicarboxylic acid may be due possibly 
to the absence of salt formation in the case of this compound, and a 
difference in orienting properties between glyoxaline bases and 
glyoxalinium ions, for evidence of a difference in structure between 
glyoxalines and their salts may be found in the existence of the 
two isomeric bases 2:4- and 2 : 5-diphenylglyoxalines (VIE and 
VIII), which yield a common ion (IX) (Burtles and Pyman, loc. cit .). 


^NH >CP h 

cph-ir 

(VII.) 


IfiP-^XsaT «-■ fi pt ‘ NH >cph 
LCPh-NIi J CH—N 

(IX.) (VIII.) 


Nevertheless, the fact that the dicarboxylic acid yields 52% of 
the m- with 19% of thep-nitro-compound, whilst the monocarboxylic 
acid yields 52% of thep- with 19% of the ra-compound, shows that 
the introduction of carboxyl groups into the glyoxaline nucleus of 
2-phenylglyoxaline progressively diminishes the ratio of para- to 
meta-nitration of the benzene nucleus, and suggests, as an alternative 
explanation, for which we are indebted to Dr. King, that the results 
should be ascribed to the accumulation of acidic groups attached to 
the glyoxaline nucleus. In this sense, they are comparable with 
the results of nitrating benzyl chloride, benzylidene chloride, and 
benzotrichloride, where also the ratio of para- to meta-nitration is 
progressively diminished by the introduction of acidic groups 
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(Holleman, Sec. trav . chim. t 1914, 33, 1). On the other hand, we 
found no support of this explanation, possibly owing to experimental 
difficulties, on the nitration of 4 : 5-dibromo-2-phenylglyoxaline (X), 


, CJorvNJdL. „ / \ 

(X-) CBr—N^°\ / 


flBr-NH 
CBr—N 


>C 



(XI.) 


which might be expected to yield a considerable proportion of 
the m-nitro-derivative, for here 4 : 5- dibromo-2-p-nitrophenyl- 
glyoxaline (XI) was isolated in a yield of 63% together with only 
1-8% of an unidentified isomeride. 

Nitration of 4(5)-6romo-2 -phenylglyoxaline prepared by the re¬ 
duction of the dibromo-compound with sodium sulphite proceeded 
less uniformly, possibly owing to nitration of the glyoxaline nucleus, 
but here the only product isolated was again the para-isomeride, 
4:(5)-bromo-2-'p-nitrophenylglyoxaline. Another instance of the 
^-directive effect of the glyoxaline nucleus has been recorded by 
Troger and Thomas (J. pr. Chem 1925,110, 42), who find that the 
nitration of lophine gives 2:4:5-tri-^-nitrophenylglyoxaline. 
Para-nitration of phenyl groups attached to the 2-position of 
glyoxalines having basic character thus seems to be the rule. 


Experimental. 

Nitration of Bemamidine.—Benzamidine nitrate* prepared from 
the base and dilute nitric acid, crystallised from alcohol in large, 
colourless, rhombic prisms, m. p. 128° (corr.) after softening from 
124°, which are anhydrous and very easily soluble in water or hot 
alcohol (Pound ; 0,45*7,45*6; H, 4*9, 5*0; C 7 H 8 N 2 ,HN0 3 requires 
C, 45*9; H, 4*9%). This salt (10 g.) was added gradually to con¬ 
centrated sulphuric acid (20 c.c.) cooled in ice and salt. After 
| hour, the solution was heated for 2 hours at 100°, then diluted 
and mixed with aqueous solutions of barium hydroxide (50 g., 
hydrated) and barium chloride (46*7 g., hydrated). After removing 
barium sulphate, the aqueous solution was evaporated to dryness 
under diminished pressure, and the residue crystallised fractionally 
from alcohol, when 10*1 g. of pure ?n-nitrobenzamidine hydro¬ 
chloride were isolated, that is, 91*7%.f The salts remaining in the 
mother-liquors were hydrolysed by boiling with 40 c.c. of 17% 
aqueous sodium hydroxide until ammonia was no longer evolved. 
On addition of concentrated hydrochloric acid, 0-62 g. of m* 
nitrobenzoic acid (m. p. 135°) separated, whilst ether collected a 
further 0*08 g. of less pure material (m. p. 118—120°). Mixtures of 

. * This salt has not been described previously. The reference to it 
( Jahresber., 1888, 1133) quoted by Beilstein is a mistake, and applies to the 
nitrite. 

f All yields are expressed in percentage of the theoretical. 
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these products with pure m-nitrobenzoic acid melted at 137° and 
126—131°, respectively. The amount of these crops represents 
7*8% of the theoretical yield, making in all 99*5%, whence it is 
clear that the nitration of benzamidine yields almost wholly the 
meta-isomeride. 

m -Nitrobenzamidine hydrochloride crystallises from alcohol in 
clusters of cream-coloured, prismatic needles, m. p. 251° (corr.) 
after sintering from 248°. It is anhydrous and readily soluble in 
water or hot alcohol (Found: C, 41*9; H, 4*0; Cl, 17-6. Calc., 
C, 41*7; H, 4*0; Cl, 17*6%). Tafel and Enoch (. Ber ., 1890, 23, 
1552), who prepared this salt by the interaction of the hydrochloride 
of m-nitrobenziminoethyl ether with ammonia, give m. p. 240°. 
The identity and purity of our preparation were established by 
hydrolysing the salt (1 g.) with 8*5% aqueous sodium hydroxide 
(40 c.c.), and adding concentrated hydrochloric acid, when 0*564 g. 
of m-nitrobenzoic acid, m. p. 140° (corr.), separated, and 0*25 g., 
m. p. 139°, was collected by ether, the total yield being 98*2%. The 
identity of these crops with m-nitrobenzoic acid was established by 
the mixed-melting point method. The first crop was also analysed 
(Found : C, 50*3; H, 3*0. Calc., C, 50*3 ; H, 3*0%). 

Nitration of Benzenyltrimethylamidine.—Benzenyltrimethylamidine 
nitrate was prepared by the double decomposition of aqueous solu¬ 
tions of silver nitrate and the corresponding hydriodide, previously 
called dimethylamidobenzenylmethylimidine hydriodide (Pyman, 
J., 1923, 123, 3372). It crystallises from alcohol in large, colour¬ 
less, prismatic rods, m. p. 195—196° (corr.). It is anhydrous and 
readily soluble in water or hot alcohol (Found: C, 53*2; H, 6*5; 
N, 18*5. C 10 H 14 N 2 ,HNO 3 requires C, 53*3; H, 6-7; N, 18*7%). 
This salt (10 g.) was added gradually to concentrated sulphuric acid 
cooled in ice and' salt. The solution was kept for 1 hour at the 
room temperature, heated for 2 hours at 100°, diluted with water, 
and mixed with aqueous solutions of barium hydroxide (50 g., 
hydrated) and barium chloride (46*7 g., hydrated). After removing 
barium sulphate, the aqueous solution was evaporated to dryness 
under diminished pressure, when a pale yellow syrup was obtained. 
Since the hydrochlorides showed little tendency to crystallise, the 
syrup was diluted and mixed with excess of aqueous sodium iodide, 
when the hydriodides separated as an oil which soon solidified, is msi 
numerous crystallisations from alcohol, using sulphur dioxide as a 
decolorising agent, 11*01 g. of pure m-mtrobenzenyltrimethylamidine 
hydriodide were isolated (yield 73*9%). The substance remaining 
in the mother-liquors was hydrolysed with aqueous sodium hydr¬ 
oxide ; strong hydrochloric acid then precipitated 0*69 g. of m-nitro¬ 
benzoic acid, m, p. 133—137°. The filtrate was unfortunately lost. 
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On recrystallising the acid, 0*52 g. was obtained pure (m. p. 140°) 
and a further 0-164 g., m. p. 138°. They were identified as m-nitro- 
benzoic acid by the mixed-melting point method. The amount of 
these crops represents 9-3% of the theoretical yield, making in all 
83-2%. 

m-Niirobenzenyltrimethylamidine hydriodide crystallises from 
alcohol in pale lemon-yellow needles, m. p. 243—246° (corr.; 
decomp.). It is anhydrous, and sparingly soluble in water or cold 
alcohol, but readily soluble in acetone (Found : C, 35-8; H, 4*1; 
I, 37*9. C 10 H 13 O 2 N 3 ,HI requires C, 35*8; H, 4*2; I, 37*9%). 

The identity and purity of this salt were established by hydrolys¬ 
ing 1*675 g. with aqueous sodium hydroxide, and acidifying the 
solution, when 0*67 g. of m-nitrobenzoic acid, m. p. 140°, was preci¬ 
pitated, and 0*16 g., m. p. 130°, collected from the filtrate by means 
of ether, the total yield being 99%. Both crops w r ere identified as 
m-nitrobenzoic acid by the mixed-melting point method, and the 
first crop w r as also analysed (Found: C, 50*5; H, 3*0. Calc., 
C, 50*3; H, 3*0%). 

2-Phenyl-4 : 5 -dihydroglyoxaline .—Hofmann (Ber., 1888, 21, 
2334) states, without giving any details, that this base is best 
prepared by heating dibenzoylethylenediamine in a stream of 
hydrogen chloride, and this method was adopted after it had been 
found that dibenzoylethylenediamine was completely hydrolysed 
by boiling with concentrated sulphuric acid (3 c.c. per g.) for 10 
minutes, and was only slowly attacked by boiling concentrated 
hydrochloric acid (10 c.c. per g.) when, after 2 hours, 82% was 
recovered unchanged. Ten grams of dibenzoylethylenediamine 
(prepared from ethylenediamine monohydrate by the Schotten- 
Baumann method in 91% yield) were heated to 250°, and dry 
hydrogen chloride was passed through the molten substance for 
1 hour. The product was dissolved in hot water; on keeping, 
benzoic acid and 0*3 g. of unchanged material separated. The 
filtrate was basified and extracted with ether, which gave 4*56 g. of 
2-phenyl-4:5-dihydroglyoxaline, m. p. 100° (yield 83*7%). It 
crystallised from acetone in colourless, prismatic needles, m. p. 
102—103° (corr.). Hofmann gives m. p. 101°. 

The nitrate crystallises from acetone in large, colourless, rhombic 
prisms, which are hydrated to a variable extent. After drying at 
98°, it is anhydrous and melts at 118—119° (corr.) after softening 
from 117°. On cooling, it resolidifies and then melts sharply at 
123° (corr.), but on recrystallising this modification, it reverts to the 
original form, m. p. 118—119°. This salt was described previously 
by Forssel (Her., 1892, 25, 2135), who does not record its m. p. 

Nitration of 2-Phenyl-4: : 5-dihydroglyozaline. —The anhydrous 
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nitrate (10-55 g.) was added to concentrated sulphuric acid (21 c.c.) 
cooled in ice and salt. The solution was kept for 1 hour at room tem¬ 
perature and then heated for 2 hours at 100°. The product was treated 
with barium hydroxide and barium chloride, just as the nitration 
product of benzamidine, to give the hydrochloride, which was 
crystallised from alcohol, when 10*47 g. of pure 2-ra-nitrophenyl- 
4 : 5-dihydroglyoxaline hydrochloride were obtained, that is, 84-4%. 
The mother-liquors contained hydrochlorides (m. p. 195—200°) 
which could not be separated either as such or as hydriodide or 
picrate, and the material was therefore oxidised with alkaline 
permanganate, when a mixture of nitrobenzoic acids was obtained, 
from which pure m-nitrobenzoic acid was isolated in a yield 
°f 3%. 

2-m-Nitrophenyl-4 :: 5-dihydroglyoxaline hydrochloride crystallises 
from alcohol in coarse, yellow needles containing 1H 2 0, which is 
lost at 100°. After drying, it has m. p. 249— 251° (corr.). It is 
readily soluble in water or hot alcohol, but sparingly soluble in 
acetone (Found in air-dried salt: loss in a vacuum over H 2 S0 4 , 
74,7-3. C 9 H 9 0 2 N 3 ,HC1,H 2 0 requires H 2 0, 7-3%. Found in dried 
salt: C, 47-6; H, 4*3; Cl, 15*6. C 9 H 9 0 2 N 3 ,HC1 requires C, 47 5; 
H, 4-4; Cl, 15-6%). The hydriodide crystallises from water in pale 
yellow, prismatic needles, m. p. 207—209° (corr.), which are 
anhydrous and sparingly soluble in water (Found: I, 40*0. 
C 9 H 9 0 2 N 3 ,HI requires I, 39*8%). 

The picrate crystallises from water or alcohol in fine, lemon- 
yellow needles, m. p. 224—225° (corr.). It is anhydrous and 
sparingly soluble in hot water or hot alcohol, but very readily 
soluble in acetone. 

The orientation of the nitro-group in 2-m-nitrophenyl-4:5- 
dihydroglyoxaline was established by oxidation. The hydrated 
hydrochloride (1-23 g.) in hot water (50 c.c.) was boiled with 17% 
aqueous sodium hydroxide (20 c.c.) and sufficient aqueous potassium 
permanganate to give a permanently pink solution. After adding 
alcohol and filtering, the solution was concentrated and acidified 
with hydrochloric acid, when 0-577 g. of m-nitrobenzoic acid, m. p. 
140° (corr.), was deposited, whilst ether extracted a further 0-048 g., 
m. p. 125—128°, from the mother-liquor. Mixtures of the two 
crops with pure m-nitrobenzoic acid had m. p. 140° (corr.) and 
132—135°, respectively. The total yield is 74*9%. 

Bromination of 2-Phenylglyoxaline. —A solution of 1-75 c.c. of 
bromine (1 mol.) in chloroform (15 c.c.) was added gradually to 
2-phenylglyoxaline (5 g.) in chloroform (40 c.c.). After keeping 
for 15 minutes, the colourless precipitate of 4 : 5-dibromo-2-phenyl- 
glyoxaline hydrobromide, m. p. 250—255°, was collected, and this 
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gave on repeated treatment with cold water the base (4-3 g.), m. p. 
137—138°. The chloroform mother-liquors were distilled with 
steam to remove solvent and excess of bromine, and the aqueous 
residue deposited 0*5 g. of the crude dibromo-base, m. p. 136—138°. 
The total yield is thus 46%. The final mother-liquors were basified 
with sodium carbonate and gave crude 2-phenylgly oxaline (2*5 g.; 
m. p. 138—140°). 

4: 5-Dibromo-2-phenylglyoxali7ie crystallises from acetone in 
colourless cubes, which decompose at about 141° (corr.) after 
darkening earlier (Pound : C, 36*0; H, 2*0; Br, 52*8. C 9 H 6 N 2 Br 2 
requires G, 35*8; H, 2*0; Br, 53*9%). It is insoluble in cold water 
and resinifies when heated with water. It is soluble in warm 
dilute mineral acids, aqueous sodium hydroxide, or ammonia. It is 
readily soluble in alcohol or acetone, and fairly readily soluble in 
ether or chloroform. 

The hydrochloride crystallises from dilute hydrochloric acid in 
colourless needles, m. p. 235—237° (corr.). It yields the base on 
treatment with water. The picrate forms yellow plates, from alcohol, 
m. p. 170—172° (corr.). 

Nitration . Potassium nitrate (3*3 g.; 1 mol.) was added to a cold 
solution of 4 : 5-dibromo-2-phenylglyoxaline (10 g.) in concentrated 
sulphuric acid (40 c.c.). After heating for 2 hours at 100°, the solu¬ 
tion was poured into water, when 4: 5-dibromo-2-p-nitrophenyl- 
glyoxaline was precipitated; the filtrate was basified with sodium 
carbonate, when an isomeric base separated. After crystallising 
these products from alcohol, 7*0 g. of the p-nitro-compound (yield 
63%) and 0*2 g. of the isomeride (yield 1-8%) were obtained in a 
pure state. 

4: 5-Dibromo-2-p-nitrophenylglyoxaline crystallises from alcohol 
in orange needles, m. p. 220—222° (corr.) (Pound in air-dried base : 
loss in a vacuum over HgSO^ 9*3, 9*3. C 9 H 5 0 2 N 3 Br 2 ,2H 2 0 requires 
2HgO, 9*4%. Pound in dried base; C, 31*2; H, 1*8; N, 12*1; 
Br, 45*8. C 9 H 5 0 2 N 3 Br 2 requires C, 31T; H, 1*4; N, 12*1; Br, 
46*1%). It is insoluble in cold water, and resinifies on heating with 
water. It is insoluble in cold dilute mineral acids, tjjit dissolves 
slightly on warming. It dissolves in aqueous sodium hydroxide, 
ammonia, and sodium carbonate, giving red, orange, and yellow 
solutions, respectively. It is readily soluble in alcohol, acetone, or 
ether. On oxidation with alkaline permanganate, it gave ^p-nitro- 
benzoic acid, which was identified by the mix ed-melting point 
method. 4 : 5-Dibromo-2-o(oT m)-nitrophenylglyoxaline crystallises 
from dilute alcohol in lemon-yellow, glistening plates, m. p. 181— 
182° (corr.), which are anhydrous (Pound : C, 31*0; H, 2*0; N, 12*1, 
C 9 H 5 02N 3 Br 2 requires C, 31*1; H, 1*4; N, 12*1%). It is insoluble 
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in hot or cold water, slightly soluble in dilute mineral acids, and 
readily soluble in aqueous sodium hydroxide, ammonia, or sodium 
carbonate, giving red, orange, and yellow solutions. The quantity 
available did not permit the identification of the acid produced on 
oxidation. 

Reduction of 4 : 5-Dibromo-2-phenylglyoxaline. —Hot solutions of 
4: 5-dibromo-2-phenylglyoxaline (5 g.) in alcohol (125 c.c.) and 
hydrated sodium sulphite (20*5 g.) in water (200 c.c.) were mixed 
and boiled for 8 hours under reflux. After the alcohol had been 
removed, a crystalline precipitate (m. p. 185—187°) was deposited, 
which was separated, by fractional precipitation by hydrochloric 
acid from its solution in aqueous sodium hydroxide, into 4(5)- 
bromo-2-phenylglyoxaline (1*43 g.; m. p. 205—206°; yield 39%) 
and unchanged dibromo-base (1*36 g.). 

4(5 )-Bromo-2-phenylglyoxaline crystallises from dilute alcohol in 
small, white needles, m. p. 206—207° (corr.) (Found: C, 48*3; 
H, 3*1; N, 12*2; Br, 35*7. C 9 H 7 N 2 Br requires C, 48*4; H, 3*1; 
N, 12*6; Br, 35*9%). It is slightly soluble in hot water, readily 
soluble in alcohol or acetone, and moderately readily soluble in 
ether. It is soluble in warm dilute acids, aqueous sodium hydroxide, 
or ammonia, but insoluble in aqueous sodium carbonate. 

The hydrochloride crystallises from dilute hydrochloric acid in ‘ 
hard, white needles, which lose 1H 2 0 in a vacuum over sulphuric 
acid and then melt at 118—119° (corr.) (Found in air-dried salt: 
loss in a vacuum over H 2 S0 4 , 6*6. C 9 H 7 N 2 Br,HCl,H 2 0 requires 
H 2 0, 6*5%. Found in dried salt: Cl, 13*8. C 9 H 7 N 2 Br,HCl requires 
Cl, 13*7%). On heating at 100°, the vacuum-dried salt suffers a 
further loss owing to dissociation. The picrate crystallises from 
alcohol in yellow plates, m. p. (air-dried) 164—165° (corr.). 

Nitration . Potassium nitrate (0*76 g.; I mol.) was added to a 
cold solution of 4(5)-bromo-2-phenylglyoxaline (2 g.) in concentrated 
sulphuric acid (4 c.c.). After heating for 2 hours at 100°, the solution 
was poured into water, filtered from a yellow precipitate (1*0 g.; 
m. p. 95—110°), which was not worked up, and basified with sodium 
carbonate, when a further precipitate (1*7 g.; m. p. 180—182°) was 
collected. After crystallisation from dilute alcohol, this gave pure 
4(5)-bromo-2-p-nitrophenylglyoxaline (0*75 g.; yield 31%). 

4:{5)-Bromo-2--p-nitrophenylglyoxaline crystallises from glacial 
acetic acid in yellow needles, m. p. 222—223° (corr.) (Found : loss 
at 100°, 18*1. C 9 H 6 02 N 3 Br,CH 3 *C 0 2 H requires loss of CH^COgH, 
18*3%. Found in substance dried at 100° : C, 40*0; H, 2*5; 
N, 15*8, C 9 H 6 0 2 hT 3 Br requires C, 40*3; H, 2*2 ; N, 15*7%). 

It is insoluble in hot water, readily soluble in alcohol, ether, 
acetone, or glacial acetic acid, and moderately readily soluble in 
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chloroform. It is soluble in aqueous mineral acids, and dissolves 
in aqueous alkalis, including sodium carbonate, giving yellow to red 
solutions. 

On oxidation with alkaline permanganate, it gave p-nitrobenzoic 
acid, which was identified by the mixed-melting point method. 

Municipal College op Technology, 

University op Manchester. [Received, January 21 at, 1926.] 


CIX .—Derivatives of Tetrahydrocarbazole . Part V. 
Carboxylic Acids . 

By Wintered Maude Collar and Sydney Glenn Preston Plant. 

The tetrahydrocarbazolecarboxylic acids hitherto described have 
the carboxyl group either in the reduced portion of the carbazole 
molecule (Perkin, J., 1904, 85, 418; Baeyer and Tutein, Ber., 1889, 
22, 2184) or attached to the nitrogen atom (Perkin and Plant, J., 
1923, 123, 683). We have now prepared the four isomeric acids in 
which the carboxyl group is attached to the benzene nucleus (for 
the scheme of numbering the positions in tetrahydrocarbazole, see 
J., 1923, 123, 677) by Fischer’s method for the synthesis of indole 
derivatives. In this way, the hydrazones made by condensing 
cyclohexanone with o- and ^-hydrazinobenzoic acid lost ammonia 
and gave respectively tetrahydrocarbazole- 8- and 6- carboxylic acids , 
whilst the hydrazone from m-hydrazinobenzoic acid by the same 
process gave a mixture of two acids, one of which must have the 
carboxyl group in the 5- and the other in the 7-position. This 
experience is contrary to that w r hich was found in the case of cyclo- 
hexanone-m-nitrophenylhydrazone, from which only one of the two 
possible isomeric nitrotetrahydrocarbazoles, assumed to be 7-nitro- 
tetrahydrocarbazole, was obtained on closing the indole ring (Borsche, 
Witte, and Bothe, Annalen , 1908, 359, 68; Perkin and Plant, J., 
1921, 119, 1828). Baeyer and Tutein (loc. cit.) prepared an acid 
which may be tetrahydrocarbazole-2 or 4-carboxylie acid from the 
phenylhydrazone of cycZohexanone-3-carboxylic acid. 

The constitutions of these four tetrahydrocarbazolecarboxylic 
acids are confirmed by the fact that they easily give tetrahydro¬ 
carbazole on distillation with soda-lime. 

Experimental. 

Tetrahydrocarbazole-^-carboxylic Acid .—The crude hydrochloride 
of p-hydrazinobenzoic acid, prepared from ^-aminobenzoic acid 
(25 g.) by the method of Fischer (Annalen, 1882, 212, 337), was 
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dissolved in hot water (350 c.c.), treated with an excess of sodium 
acetate, and then with c^/cZohexanone (18 c.c.); on shaking, cyclo- 
hexanone-^-carboxyphenylhydrazone separated. It crystallised from 
glacial acetic acid in yellow prisms, m. p. 236° (decomp.) (Found : 
N, 12-5. C 13 H 16 0 2 N 2 requires N, 12-1%). 

The crude hydrazone was added to water (200 c.c.) and sulphuric 
acid (40 c.c.) and the mixture warmed to boiling. The tetrahydro- 
carbazole-6-carboxylic acid that separated crystallised from dilute 
alcohol in colourless plates, m. p. 282° (Found : N, 6*6. C 13 H 13 0 2 N 
requires N, 6-5%). 

The methyl ester was produced by boiling the acid with methyl 
alcohol containing a little sulphuric acid for 4 hours, and precipit¬ 
ating by the addition of dilute aqueous ammonia. It crystallised 
from dilute acetic acid in colourless leaves, m. p. 158° (Found : 
N, 5-9. C 14 H 15 0 2 N requires N, 6*1%). The ethyl ester was prepared 
in a similar way and separated from dilute alcohol in small, colourless 
prisms, m. p. 119°. 

Tetrahydrocarbazole - 8 - carboxylic Acid .—The hydrochloride of 
o-hydrazinobenzoic acid was converted by a process similar to that 
described above into cyoloheocanone-o-carboxyphenylhydrazone, which 
separated from benzene in pale yellow needles, m. p. 162° (Found : 
N, 12-0. C 13 H 16 0 2 N 2 requires N, 12*1%). On wanning the 
hydrazone (6 g.) with water (120 c.c.) and sulphuric acid (30 c.c,), 
tetrahydrocarbazole-S-carboxylic acid separated and, on recrystal¬ 
lisation from benzene, it was obtained in colourless prisms, m. p. 
203° (Found : N, 6*5. C 13 H 13 0 2 N requires N, 6*5%). 

The methyl ester crystallises from methyl alcohol in long, colourless 
prisms, m. p. 124° (Found : N, 5*9. C 14 H 15 0 2 N requires N, 6-1%). 
The ethyl ester separates from dilute alcohol in colourless needles, 
m. p. 76° (Found : N, 5*8. C 15 H 17 0 2 N requires N, 5-7%). 

Tetrahydrocarbazole -5- and 7-carboxylic Acids. — cycloHexanone- 
m-carboxyphenylhydrazone , prepared from m-hydrazinobenzoic acid 
in the usual way, crystallised from dilute alcohol in orange prisms, 
m. p. 176° (decomp.) (Found: N, 11*9. C 13 H 16 0 2 N 2 requires 
N, 12*1%). The crude hydrazone was converted into a mixture 
of tetrahydrocarbazole- 5- and 7-carboxylic acids on warming with 
dilute sulphuric acid. The two acids were isolated from the product 
by fractional crystallisation from either glacial acetic acid or 
aqueous acetone, and purified by conversion into their methyl 
esters, from which they were readily obtained on saponification. 
The acid which separated first in both cases was finally recrystallised 
from glacial acetic acid and obtained in colourless prisms, m. p. 
287° (Found : N, 6*6. C-^H^OgN requires N, 6*5%). Its methyl 
ester crystallised from methyl alcohol in colourless needles, m. p. 
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155°, and its ethyl ester from dilute alcohol in small, colourless plates, 
m. p. 146°. 

The isomeric tetmhydrocarbazolecarboxylic acid was ultimately 
obtained from glacial acetic acid in almost colourless prisms, m. p. 
210° (Pound : N, 6*1. C 13 H 13 0 2 N requires N, 6*5%). Its methyl 
ester separated from aqueous alcohol in colourless prisms, m. p. 93° 
(Found : N, 6*1. C^H^OgN requires N, 6*1%). 

The higher-melting acid (m. p. 287°) is the main constituent of 
the product of this reaction and from 30 g. of the crude material 
16 g. of this acid and 6 g. of the isomeride (m. p. 210°) were isolated 
in a pure condition. 

The Dysox Perrins Laboratory, 

Oxrord. [ Received , January 20 th, 1926.] 


CX .—The Oximes of 2 :4 -Dinitrobenzil and the 
Beckmann Change . 

By Gebald Bishop and Oscae L. Beady. 

In a previous communication (J., 1922, 121, 2364), two substances, 
regarded as monoximes of 2:4-dinitrobenzil, were described to 
which, on account of their behaviour in the Beckmann change, the 
following structures were assigned: 


(NO a ) 2 C 6 H s -CO-CPh 

(N 0 2 ) 2 C 6 H 3 *C-COPh 

a. HON 

HON p. 


Further investigation, however, has shown that the supposed 
P-oxime was a mixture and that its reactions were untrustworthy 
guides to its constitution. Consequently, our early view of the 
configurations of the substances requires modification. We are 
now of opinion that their reactions are best explained by adopting 
Meisenheimer’s view that the Beckmann change takes place in a 
irans- and not in a ds-sense (Ber., 1921, 54, 3206; 1924,57,276, 282, 
289), ring closure being assumed to involve no change in configur¬ 
ation (compare, however, Kuhn and Ebel, Ber., 1925, 58, 919; 
Boeseken, ibid., p. 1470; Meisenheimer, ibid., p. 1491). The 
tf-oxime has accordingly been given the configuration (I). The 
Beckmann change leads to benzonitrile and 2:4-dinitrobenzoic 
acid as previously described. By boiling with the calculated 
quantity of sodium dissolved in alcohol, the a-oxime is converted, 
by elimination of nitrous acid, into a brilliant scarlet compound 
which, on account of its colour, we consider to be 6-m£ro-3-Ado- 



2 : 4-dinitrobenzil and the beckmann change, 811 

2-phenyl-if/-indole-l-oxide (II), the a-oxime, since the oxygen atom 
is remote from the nitro-group, reacting in the nitrone form. This 
compound on treatment with excess of alkali gives benzaldehyde 
and an amorphous compound, thus behaving similarly to the 
a-oxime itself when treated with excess of aqueous sodium hydroxide. 
When the a-oxime is heated in alcohol to 165°, nitrous acid is elimin¬ 
ated and 7~nitroA-keto-%-phenyl-\ : 2-benzoxazine (III) is formed. 
That this compound is not produced by the action of alkali on the 
a-oxime suggests that at the high temperature the oxime undergoes 
an isomeric change analogous to that of the oximes of benzil under 
similar conditions; in the new oxime (IV) thus produced, the 
hydroxyl and nitro-groups are vicinal and consequently nitrous 
acid is readily eliminated. 7-Nitro-4-keto-3-phenyl-l: 2-benzox¬ 
azine on hydrolysis gives benzonitrile and 4-nitrosalicylic aeid. 
The benzoxazine melts, by an unfortunate coincidence, at the 
same temperature (169°) as 4-nitrosahcylonitrile, and we have found 
that the compound produced by the action of alkali on the supposed 
|3-oxime and described in our previous paper as 4-nitrosahcylo¬ 
nitrile (loc. cit p. 2369), and for the identification of which we 
relied on the melting point and hydrolysis to 4-nitrosalicylic acid, 
was in fact this benzoxazine. 

The reactions of the a-oxime may be summarised thus : 



The action of excess of free hydroxylamine on 2 : 4-dinitrobenzil, 
by which the supposed [3-oxime was obtained, yields a complex 
mixture, from which 7-nitro-4-keto-3-phenyl-l: 2-benzoxazine (IIJ), 
the a-oxime (I), and the pure (3-oxime (V) have been isolated. The 
formation of the benzoxazine suggests that the unknown oxime (IV) 
is first produced and loses nitrous acid with great ease in the presence 
hi excess of hydroxyla min e. 

The (3-oxime, in the Beckmann change, gives benzoic acid and 
2 :4-dinitrobenzonitrile, On heating with alkali, it gives benzoic 
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acid and 4-nitrosahcylonitrile through the unstable tsooxazole (VI). 
Its reactions may be represented thus : 


(NO 2 ) 2 C 6 H 3 -C-C0Ph Becimann 1 

(V.) HO-N L N-COPhJ 

l 


Alkali 


(VI.) 


/ 


NO, 


y-fi- 

*\A/ h 

o 


•COPh 


(N 0 2 )Ah 3 -cn c&jbojz 


Acn 

i 




There was also evidence that the crude oximation mixture 
contained the fourth oxime, (N0 2 ) 2 C 6 H 3 , C-C0Ph. The presence of 

N-OH 

this would account for the isolation, in the previously described 
experiments, of 2 :4-dinitroaniline after the supposed (3-oxime had 
undergone the Beckmann change. In a subsequent similar experi¬ 
ment with the crude oximation mixture, we were unable to separate 
the dinitroaniline from the other products, but isolated 2:4-di- 
nitrophenol by heating with concentrated alkali, acidifying, and 
distilling in steam. 

Experimental. 

a-2 : A-Diniirobenzilmonoxime. —The preparation is described in 
our previous paper. The a-monoxime (3 g.) was heated for 5 hours 
with absolute alcohol (5 c.c.) in a sealed tube at 165°. On cooling, 
a colourless, crystalline compound separated which after crystal¬ 
lisation from alcohol gave 7- nitroA-keto-%-phenyl- 1 : 2 -benzoxazine 
(HI), m. p. 169° (Found : N, 10-4. C 14 H 8 0 4 N 2 requires N, 10-4%). 
This compound was identical in properties with the supposed 
4-nitrosalicylonitrile previously obtained by the action of alkali on 
the impure (3-oxime (Bishop and Brady, loc. cit.) and on admixture 
did not depress its melting point. 7-Nitro-4-keto-3-phenyl-l : 2- 
benzoxazine was boiled for a short time with 10% sodium hydroxide; 
the odour of benzonitrile was observed and on distilling in steam 
this nitrile was obtained in the distillate; the residue, on being 
acidified, gave a precipitate from which 4-nitrosalicylic acid was 
obtained by crystallisation. 

The action of alkali in excess on the a-oxime was described in the 
previous paper. When, however, the oxime (5 g.), dissolved in 
absolute alcohol (20 c.c.) containing the calculated quantity of 
sodium to give the sodium salt (0*36 g.), was boiled for 15 minutes, 
a brilliant scarlet precipitate of §-nitro-3-keto-2-phenyl-\j/-indole 
1-oxide formed which crystallised from alcohol as a red, crystalline 
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powder, m. p. 198° (Found : C, 62-5; H, 3*1; N, 10*5. C 14 H 8 0 4 N 2 
requires C, 62*7; H, 3*0; N, 10*4%). Nitrite was detected in the 
mother-liquor from the preparation. Boiled with excess of aqueous 
alkali, the compound behaves in a similar manner to the cc-oxime, 
giving benzaldehyde and an amorphous product. 

p-2 : 4t-Dinitrobenzilmonoxime .—A solution of 2 : 4-dinitrobenzil 
in alcohol cooled in ice was treated with an alcoholic solution of 3 
equivalents of hydroxylamine. After a few moments, crystals of 
7-nitro-4-keto-3-phenyl-l : 2-benzoxazine began to separate and 
after 12 hours these were collected and the filtrate from them was 
diluted with water (J vol.); a small quantity of impure a-monoxime 
was then precipitated. The filtrate from the a-oxime was poured 
into excess of water, kept over-night, and the precipitate repeatedly 
crystallised from dilute alcohol until its melting point was constant; 
P-2:4-dinitrobenzilmonoxime, m. p. 168°, was thus obtained 
(Found : N, 13*4. Calc., N, 13*3%). 

A solution of the p-oxime in ether was cooled in ice, and the 
calculated quantity of phosphorus pentachloride added. After 12 
hours, ice-water was added, and the mixture then kept for 3 hours., 
The ether layer was shaken several times with 2 A T -sodium carbonate 
and evaporated; 2 : 4-dinitrobenzonitrile, identified by comparison 
with an authentic specimen, was thus obtained. The alkaline extracts 
on acidification and re-extraction with ether gave benzoic acid. 

The p-oxime was boiled under reflux for an hour with 22V-sodium 
hydroxide; no darkening or evolution of ammonia occurred as with 
the a-oxime, and on cooling and saturating with carbon dioxide 
4-nitrosalicylonitrile crystallised. This was identified by com¬ 
parison with a specimen prepared from 2 : 4-dinitrobenzaldoxime 
(Borsche and Oppenheimer, Annalen , 1912,390,10). The carbonate 
solution, after removal of dissolved nitrosalicylonitrile with ether, 
gave benzoic acid on being acidified and extracted with ether. 

The "FUt/ptt Forster Laboratories of Organic Chemistry, 

University College, London. [Received, January 25th, 1926.] 


CXI .—Synthetical Work on the iso Quinoline Alkaloids+ 
Part II. A Method of Opening the Rings of Cyclic 
Ketones. 

By George Alfred Edwards. 

The reactions herein described were investigated with the object 
of obtaining derivatives of p-o-cyanophenylpropionic acid and of 
o-carboxyphenylacetonitrile, such substances being required for 
attempts to synthesise ten-membered rings of the cryptopine type. 
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The sodium salt of l-nitroso-£-naphthol when heated to 180° 
with sand gives sodium o-eyanoeinnamate in poor yield (D.R.-P. 
116223). This reaction was examined in the hope of bringing 
about the same change by less violent means. 1-Nitroso-P-naphthol 
was converted by benzoyl chloride and cold caustic soda solution 
into a benzoyl derivative, which slowly hydrolysed in warm caustic 
soda solution, yielding benzoic acid and the o-cyanocinnamic acid 
of m. p. 137° (3XR.-P. 411955). The separation of the benzoic 
acid was rather troublesome, so it is fortunate that benzoyl chloride 
can be replaced by either benzene- or toluene-sulphonyl chloride, 
the acyl derivative produced being in each case easily hydrolysed 
to the above cyano-acid. 

This 2-eyanocinnamic acid was at first thought to be o -carboxy* 
cinnamonitrile , since on hydrolysis it gave o-carboxycinnamic acid, 
and since, if its formation followed the normal course of the Beck¬ 
mann reaction, ring opening might take place in two ways, thus : 
R*C(:N0H)*C0R'—>R-C0-NH*C0R'--> either R-C0 2 H and R'CN 
or RCN and R/'C0 2 H. o-Carboxycinnamonitrile was therefore 
synthesised as follows. Phthalylacetic acid (Neumann and Gabriel, 
Ber., 1893, 26, 952) was reduced eleetrolytically to phthalideacetic 
acid (I). This was converted through its acid chloride into phthalide- 
acetamide, which, when boiled in xylene solution with phosphorus 
pentoxide, lost water and gave phthalideacetonitrile (II). The 

/CH ; CH 2 .C0 2 H /yCH-CH 2 -CN /\ C h 2 . C h 2 . C o 2 h 

\/\CO/°(i.) \^\CO/°(n.) \/ CN (iii.) 

lactone ring of this substance was opened on treatment with caustic 
soda, and by carefully heating the sodium salt in a vacuum o-carboxy- 
cinnamonitrile was produced. 

If the acyl derivatives of 1-nitroso-p-naphthol are heated at 
140° for a short time, they will give the o-cyanocinnamic acid of 
m. p. 255—256° on hydrolysis. 

The low-melting acid itself, when heated above its melting point 
for a few minutes, is completely converted into the high-melting 
o-cyanocinnamic acid. Since both cyano-acids on electrolytic 
reduction give p-o -cyanophenylpropionic acid (III), the only 
possible conclusion is that these acids are geometric isomerides 
similar to cinnamic and a^ocinnamic acids. On the analogy of 
these, the low-melting acid has been called o-cyanoaZfccinnamic acid. 

As p-o-cyanophenylpropionic acid was required in quantity, the 
most suitable conditions for its preparation were investigated. A 
method is described, using toluenesulphonyl chloride, which is 
suitable for large-scale preparations; about 6% of the acyl derivative 
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is hydrolysed to 1 -nitroso-j3-naphthol, but this is easily separated 
owing to its insolubility in sodium carbonate solution. 

Since in these reactions 1-nitroso-(E-naphthoI obviously reacted 
in the oxime form, it seemed probable that substances containing 
the group •CHg'CO* in a ring, if first converted into their iaonitroso- 
derivatives, would react with acid chlorides in the same way. This 
was investigated in the case of the hydrindones. Hydrindone 
itself gave o-carboxyphenylacetonitrile in 92% yield, whilst 
5 : 6-dimethoxy- and 5 : 6-methylenedioxy-hydrindones gave the 
corresponding cyano-acids. These three cyano-acids have recently 
been prepared by Haworth and Pink (J., 1925, 127, 1369) by the 
action of phosphorus pentachloride on the nitrosohydrindones. 
They easily decompose on warming, but by cautious treatment 
with thionyl chloride may be converted into their acid chlorides, 
from which their esters, amides, and substituted amides may be 
obtained. 

Experimental. 

Action of BenzenesuIphonyl Chloride upon 1 -Nitroso-fi-naphthol .— 
1-Nitroso-p-naphthol (1 g.-mol.) is mixed with benzenesulphonyl 
chloride (1 g.-mol.), the whole is dissolved in the minimum quantity 
of cold acetone, and 8% caustic soda solution (1*2 g.-mols.) is added 
slowly, with shaking and cooling in ice. The benzenesulphonyl - 
1 -nitroso-Q-naphihol that separates crystallises from a little acetone 
in yellow prisms, m. p. 124—125° (decomp.) (Found: C, 61*6; 
H, 3-6. C 16 H n 0 4 NS requires C, 61-3; H, 3*5%). On being kept 
at its m. p. for a few minutes, it resolidifies and thereafter melts 
at 137—139°, having been converted into an isomeride which 
crystallises from acetone in cream needles, m. p. 141° (Found: 
C, 61*7; H, 3*5%). 

The low-melting acyl derivative is hydrolysed when dissolved 
in a slight excess of 8% caustic soda solution at 60°. The filtered 
cooled solution on acidification deposits o-cyanoaZZocinnamic acid 
m almost colourless needles. This crystallises from water, con¬ 
taining a little animal charcoal, in colourless, felted needles, m. p. 
137° (Found: C, 69*7; H, 4*4. Calc, for C 10 H 7 OsN: C, 69*4; 
H, 4*1%). When the benzenesulphonyl derivative, m. p. 141°, 
is treated in the same way, o-cyanocinnamic acid separates in a 
gelatinous form; it crystallises from glacial acetic acid in slightly 
brown, glistening plates, m. p. 256°, identical with the product of 
heating the sodium salt of 1 -nitroso-(3-naphthol with sand at 180°. 

Direct Preparation of o- CyaTwallocinnamic Acid. —A solution of 
1-nitroso-p-naphthol (43 g.) and toluenesulphonyl chloride (47 g.) 
in the minimum quantity of acetone is kept at 55—60° while caustic 
soda (8% solution) is added slowly, with constant shaking, so that 
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the solution is kept faintly alkaline. When the solution finally 
becomes permanently alkaline, it is cooled, filtered, and acidified, 
38 g. of crude o-cyanoaZZoeinnamic acid being precipitated. For the 
preparation of o-cyanophenylpropionic acid further purification 
is unnecessary. 

o-Carboxycinnamic acid, m. p. 182°, is produced when either 
of the o-cyanocinnamic acids is refluxed for 2 hours with 10% 
caustic soda solution, and is precipitated on acidification. 

(3- o-Cyanopkenylpropionic Acid (III).—A solution of crude o-cyano- 
aZZocinnamic acid (40 g.) in 14% sodium carbonate solution (150 c.c.) 
is filtered from insoluble gummy impurities and reduced electrolytic- 
ally for 3 hours at a lead cathode, the current density being 2 
amps./lOO sq. cm.; the anode cell consists of a lead electrode in 
20% caustic soda solution. The product on acidification deposits a 
slightly brown, sandy powder, which crystallises from w r ater in 
prisms, m. p. 127° (Found : C, 68*9; 11,5*0. C 10 H 9 O 2 N requires 
C, 68*6; H, 5*2%). 

o - Carboxycinnamonitrile , C0 2 H*C 6 HpCH!CH*CN.—Phthalyl - 
acetic acid (40 g.) dissolved in caustic soda (200 c.c. of 15% solution) 
is reduced electrolytically under the conditions described above. 
The hot solution is acidified with hydrochloric acid and filtered; 
on cooling, phthalideacetic acid separates in colourless plates, 
m. p. 151°, identical with the substance obtained by the reduction 
of phthalylacetie acid with sodium amalgam (Gabriel and Michael, 
Ber., 1877,10, 391). The acid (10 g.) is boiled with thionyl chloride 
(20 c.c.) for 15 minutes, the excess of thionyl chloride distilled away, 
the gummy residue dissolved in a little chloroform, and the solution 
slowly added to aqueous ammonia (60 c.c.; d 0*880) cooled in ice, 
the temperature being kept below 10° during the addition. The 
chloroform is then evaporated on the water-bath; on cooling, 
phthalideacetamide separates in rectangular plates, m. p. 182—183° 
(Found: N, 7*5. C 10 H 9 O 3 hT requires N, 7*3%). This amide 
(2 g.) is heated in boiling xylene (16 c.c.) with phosphorus pentoxide 
(4 g.) for 15 minutes. The boiling filtered xylene, on cooling, 
deposits pure white needles, m. p. 111°, of phthalideacvtonitrile, and 
more may be obtained by extracting the brown, gummy residue 
from the xylene with boiling water, the latter depositing slightly 
brown needles on cooling. The nitrile is insoluble in cold alkali, 
but dissolves readily on warming, ammonia being evolved from the 
boiling solution. 

A solution of phthalideacetonitrile in the theoretical quantity of 
warm caustic soda solution is evaporated to dryness on the water- 
bath, the residue kept at 200° in a vacuum for 10 minutes, cooled, 
and dissolved in water. On acidification a slightly yellow powder 
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separates which crystallises from water as a microcrystalline powder, 
m. p. 169—172° (Found: N, 7*3. C 10 H s O 3 N requires N, 7*3%). 
This is o-carboxycinnamonitrile and yields o-carboxycinnamic acid, 
m. p. 182°, on hydrolysis (as above). 

o-Carboxyphenylacetonitrile .—2-^oNitroso-l-hydrindone (7*2 g.) 
is dissolved in caustic soda (80 c.c. of 8% solution), and benzene- 
sulphonyl chloride (9 g.) added with constant shaking. The 
benzenesulphonyl derivative first separates as a white gum, which 
slowly dissolves on raising the temperature to 80° for a few minutes. 
The cooled filtered solution on acidification deposits o-carboxy- 
phenylacetonitrile as a white powder crystallising from water in 
colourless needles, m. p. 126°, identical with the substance obtained 
by Haworth and Pink (loc. eit .). 

2-Carboxyl : 5-dimethoxyphenylacetonitrile is obtained from 
dimethoxytaonitrosohydrindone (3 g.), caustic soda (3 g. in 25 c.c. of 
water), and benzenesulphonyl chloride (2*2 c.c.) by the method 
described above; it crystallises slowly in needles, m. p. 166—167°. 

2-Carboxy-4:: 5-methylenedioxypJienylacetonitrile , obtained in 
exactly the same way as the dimethoxy-compound, crystallises in 
slightly yellow prisms, m. p. 195° (Found : C, 58-3; H, 34. 
Calc., C, 58*5; H, 34%). 

The author wishes to express his thanks to the Research Fund 
Committee of the Chemical Society for a grant which covered the 
cost of the materials used in this investigation. 

Kura’s College, London. [Received, January 4ih, 1926.] 


CXII .—Trypanocidal Action and Chemical Constitu¬ 
tion. Part IV. Arylamides of Aminohydroxy - 
phenylarsinic Acids. 

By Leslie Frank Hewitt and Harold Kjng. 

In Parts I and II (King and Murch, J., 1924, 125, 2595; 1925, 
127, 2632) the preparation and properties of a number of arylamides 
of 4-aminophenylarsinic acid (I) were described. Inasmuch as 
Fourneau and his colleagues (Ann. Inst. Pasteur , 1923,37,551) have 
shown that on Trypanosoma brueei in mice, 3-amino-4-hydroxy- 
phenylarsinic acid (II) and 4-amino-2-hydroxyphenylarsinic acid 
(III) with chemo-therapeutic indices (curative dose/tolerated dose) 
of 1/5 and 1/8 respectively are superior to 4-aminophenylarsinic 
acid with an index of 1/1, it was thought of interest to introduce 
into these hydroxy-acids certain substituted aminobenzoyl radicals 

EE 
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which were shown in Part II to have a favourable influence on the 
trypanocidal activity of 4-aminophenylarsinic acid. 

H 2 N_ _ _0H 

0H<^J)As0 3 H 2 NH 2 <^>As0 3 H 2 nh 2 <J>a S 0 3 h 2 

(II.) \ (I.) / (III.) 

H,>N_ ^ OH H 2 N_ * _OH 

r/ ^>CONH<^ R<^ ^>C0-NH<^J>As0 3 H 2 

~ (IV.) "As0 3 H 2 ~ (V.) 

The types (IV) and (V), where R is H, OMe, or OH, were obtained 
by reduction of the corresponding nitro-acids by ferrous chloride 
and alkali, the preparation of the nitrohydroxybenzoyl derivatives 
(R = OH) necessitating the use of ethylcarbonatonitrobenzoyl 
chloride, where the hydroxyl group is protected by the carbethoxyl 
group. 

Although the ethylcarbonato-group in 3'-nitro-4'-ethylcarbonato- 
benzoyl-4-aminophenylarsinic acid (VI) is readily hydrolysed with 
negligible fission at the amide link by brief boiling with V-alkali 
(King and Murch, Part II), in the case of 3'- nitro -4'- eihylcarbojiato- 
benzoyl-%-amino-4c-hydroxyphenylarsinic acid (VII) hydrolysis of 
this group by cold V-alkali leads to appreciable fission of the amide 
link and much greater fission occurs on rise of temperature. 

0 2 N _ 

Et0 2 C-0/~])C0-NH<^^>As0 3 H 2 (VI.) 

O s N_ _As0 3 H 2 

Et0 2 C-<)/_/ C0 ‘ NH \_/ <vn.) 

OH 

The maximum dose tolerated by mice, expressed in milligrams 
per gram of mouse, and the minimum curative dose, where deter¬ 
mined, on an experimental infection of T. equiperdum in mice, of 
this group of twelve related compounds is shown below, R signifying 
the para-substituent to the amide group and r the number of days 
before relapse occurred. 

Type IV. Derivatives of 3-NH J 4-0HC 6 H s *As0 3 H 2 . 



Nitro- acids. 


Amino-acids. 


R . 

H. OMe. 

OH. 

H. 

OMe. 

OH. 

Dosis tolerata . 

. 0-075 0-2 

0-4 

0-3 

0*2 

0-3 

Dosis curativa ., 

— — 

— 

0-3 

0*15 

0*3 




(r = 13) 

(r = 4) 

(r=8) 

Type V. Derivatives of 4-NH 2 2-OHC fl H 3 - 

As0 3 H 2 . 



Dosis toleraia . 

. 0*2 0-2 

0-3 

0-1 

0-6 

0-2 

Dosis curativa .. 

— — 

— 

0*1 

0*3 

0-2 




(r - 12) 

(r> 30) 

(r = 12) 
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On comparing these results with those obtained for the corre¬ 
sponding derivatives of 4-aminophenylarsinic acid (Part II) it will 
be observed that there is here no enhanced trypanocidal activity 
such as might be expected from the relative activities of the parent 
mono-nuclear arsinic acids (I, II, and III). There is, however, a 
rough parallelism between the activities of the amides of 4-aruino- 
phenylarsinic acid and those of 4-amino-2-hydroxyphenylarsinic 
acid; in each case, the aminoanisoyl derivative is the only one of 
the three amides with permanent curative properties.* Expressed 
otherwise, one might say that the introduction of the 2-hydroxyl 
group into derivatives of 4-aminophenylarsinic acid has not radically 
altered the distribution of the main and residual affinities of the 
molecule on which trypanocidal activity as measured by the two 
determinants, curative dose and tolerated dose, ultimately 
depends. 

The possession by the six complex amino-arsinic acids above 
described of a free hydroxyl group emphasised the desirability of 
the preparation of the corresponding arseno-derivatives, which like 
salvarsan should be administrable by solution in alkali. The 
comparison of six arseno-bases with the parent amino-acids was all 
the more a desideratum because Fourneau has expressed the opinion 
that on the evidence available the arsinic acids are at least as active 
as the arseno-derivatives. Unfortunately this object was only 
realisable in part because, unexpectedly, the possession of a single 
hydroxyl group in the same nucleus as the arseno-group did not 
confer alkaline solubility, the sodium salts of the aminobenzoyl and 
aminoanisoyl derivatives being quite insoluble in water. In addi¬ 
tion, the hydroxyl group ortho to the arseno-group in derivatives 
of 4-amino-2-hydroxyphenylarsinic acid weakens the attachment of 
the arsenic atom to the nucleus, thus leading under very mild con¬ 
ditions of reduction by hypophosphorous acid to formation of pro¬ 
ducts containing polyarsenides. This is perhaps not surprising, 
because the parent acid, 4-amino-2-hydroxyphenylarsinic acid, 
when reduced by the same reagent gives no arseno-base but only 
free arsenic. The hydroxy aminobenzoyl derivatives (VIII) and 
(IX) were, however, alkali-soluble, the former substance being of 


' H 2 N_ 

oh/ ^>co-nh 

~ (VIH.) 





h 2 n oh 

oh/~^>co-nh/~'>a s : 


(IX.) 




* In t his series of co mmuni cations, the term ts permanent curative pro¬ 
perty ” indicates no relapse of some of the animals within 30 days, the blood 
being exa min ed almost daily over that period. As a rule, each dose is tried 
on five mice. 


ee2 
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special interest because of the duplication of the o-aminophenol 
grouping contained in salvarsan. The maximum tolerated and the 
minimum curative dose of these two arseno-bases in comparison 
with their parent arsinic acids are shown below. 


Acid. Arseno (VIII). Acid. Arseno (IX). 


Dosis tolerata . 0*3 0*075 0*2 0*075 

Dosis curativa . 0*3 0*03 0*2 0*02 


(r = 8) {r = 5) (r = 12) (r>30) 

Whilst there is little difference in activity between the arseno- 
derivative (VHI) and its parent acid, the arseno-derivative (EX) 
is permanently curative on one-fourth of its tolerated dose and is 
thus far superior to its parent acid. It should, however, be borne 
in mind that the arseno-derivative (IX) contains a certain proportion 
of polyarsenides, as has been indicated above. 

3'-Nitrobenzoyl-4z-amino-2-hydroxyphenylarsinic acid (X) on further 
nitration yields exclusively 3': 5-dinitrobenzoyl-4i-amino-2-hydroxy- 
phenylarsinic acid (XI), which on reduction yields the corresponding 
diammobenzoylaminohydroxyphenylarsmic acid . 


OsN OH 

\c0-NH(^~^>As0 3 H 2 
(X.) ~ 


o 2 n_ oh 

<^\c0-NH<^\As0 3 H 2 
(XI.) no 2 


In Part II it was shown that the diamino-arsinic acids were in 
general permanently curative, but this substance, either on its 
maximum tolerated dose or on lower doses, was completely devoid 
of action. Various reasons might be advanced for this, but it is 
not proposed to discuss them here. 

On hydrolysis of (XI) by alkali 5- niiro - 4z-amino-2-hydroxyphenyl- 
arsinic acid was obtained and this on reduction gave a new 4: 5- 
diamino-2-hydroxyphenylarsinic acid of which only one isomeride is 
known. The activity of this diamino-acid in comparison with the 
closely related 4-amino-2-hydroxyphenylarsinic acid (III) and 3- 
amino-4-hydroxyphenylarsmic acid (II) is shown in the following 
table: 

Diamino-acid. III. II. 


Dosis tolerata ... 0*3 0*5 1*5 

Boats curativa . 0*05 (r = 16) 0*2 0*3 


The diamino-acid was very erratic in its curative action and far 
inferior to (II) or (HI). It will be noticed that the indices for (II) 
and (IH) are not as favourable on T. equiperdum as those obtained 
by Fourneau (see opening paragraph) on T. brucei. 

4-Amino-2-hydroxyphenylarsinic acid (III), required in quantity 
in this investigation, was prepared by the Bart-Schmidt reaction 
from 5-nitro-2-aminophenol (Bauer, Ber 1915, 48, 1582). The 
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preparation of the latter from 2-aminophenol presents some points 
of interest to the student of orientation. Meldola and Wechsler 
(P., 1900,180) showed that CW-diacetyl-2-aminophenol on attempted 
mononitration gave exclusively 4 : 6-dinitro-2-aminophenol (picramic 
acid) after hydrolysis, and we find in support that both mono- and 
tri-acetyl-2-aminophenol on mononitration yield after hydrolysis 
almost exclusively picramic acid, although in the case of triacetyl-2- 
aminophenol traces of both 5-nitro- and 4- nitro- 2 -acetylaminophenol 
have been isolated. In D.R.-P. 165650, however, 5-mtro-2-amino- 
phenol is said to be prepared by the nitration of ethenyl-2-amino- 
phenol (XU). An examination of this reaction shows that 5-nitro- 
2-aminophenol (XIII) is indeed formed together with 4-nitro-2- 
aminophenol (XIV) in the ratio 4:1, the main bulk of the 5-nitro¬ 
compound after hydrolysis being separable owing to its lesser 
solubility in water. The remaining mixture can be separated by 
fractionally crystallising the acetates from benzene, which obviates 
both the tendency of the two isomerides to separate from water as 
brilliant red mixed crystals and the formation of the low-melting 
hydrate of the 4-nitro-derivative. 

o 2 n1 n/ In1 2 ' < ~ !^nh> co 

(XIV.) (XII.) (XIII.) (XV.) 

The sulphonation product of carbonyl-2-aminophenol (XV) is 
known to yield 2-aminophenol-5-sulphonic acid on hydrolysis 
(D.R.-P. 197496; King, J., 1921, 119, 1117), but although 5-nitro- 
earbonyl-2-aminophenol is prepared by the action of nitric acid on 
carbonylaminophenol and yields nitrocatechol on alkaline hydrolysis 
(Chelmieki, J. pr. Chem., 1890, 42, 441), there is no record of its 
hydrolysis by acids. This should also lead to the required 5-nitro- 
2-aminophenol. This has now been effected, but only with diffi¬ 
culty, as 5-nitrocarbonyl-2-aminophenol is very resistant to acid 
hydrolysis. Of the two possible routes to the required nitroamino- 
phenol, the one via the ethenyl derivative proved the more con¬ 
venient. 

Thus, whilst the nitration of any of the acetyl derivatives of 2- 
aminophenol yields as main product picramic acid in which the 
orienting power of the hydroxyl may be said to overwhelm that of 
the acetylated amino-group in agreement with the behaviour of 
4-aminophenol derivatives, in ethenyl- and carbonyl-aminophenol 
the reverse is true. The latter cases are also in agreement with the 
nitration of another cyclic derivative of 2-aminophenol, acetyl- 
phenoxazine, which yields 3; 9-dinitrophenoxazine, the nitro- 
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groups entering the para-position to the nitrogen atom (Kehrmann 
and Saager, Ber 1903, 36, 477). 

To Miss F. M. Durham and Miss J. Marchal of this department we 
again tender our thanks for the efficient and painstaking care 
bestowed on the biological side of our subject. 

Experimental. 

o-Aminophenol. —The large quantities of o-aminophenol required 
were prepared in part by an improvement on Grandmougin’s process 
(Ber., 1906, 39, 3561). o-Nitrophenol dissolved in 2N-sodium 
hydroxide (1 mol.) was treated with solid sodium hyposulphite 
(T6 mols.) and sufficient sodium hydroxide to keep the reaction 
mixture faintly alkaline, the solution being well stirred and the 
temperature kept below 30°. The yield of o-aminophenol, including 
ether-extracted material, was 67%. 

Nitration of Ethenyl-o-aminophenol (XII).—Ethenyl-o-amino- 
phenol was obtained in 90% yield by a simplification of Ladenburg’s 
method (Ber., 1876, 9, 1524). o-Aminophenol (carefully freed from 
inorganic salts) was distilled with 3 parts of acetic anhydride, and 
the distillate refractionated through a short column. The fraction, 
b. p. 200—210°, consisted of ethenyl-o-aminophenol. Of this, 
53*9 g. were dissolved in sulphuric acid (200 c.e.) below 0° and treated 
with nitric acid (d 1*42; 1*1 mols.) dissolved in an equal volume of 
sulphuric acid. On pouring on to ice, a bulky yellow compound 
was obtained, but attempts to isolate a pure nitroethenyl-o-amino- 
phenol from this were unsuccessful. (When dried in a vacuum, it 
lost 90% of its weight and liquefied, and repeated crystallisation 
from alcohol gave eventually pure 5-nitro-2-acetylammophenol.) 
The wet, bulky precipitate was heated at 100° with 325 c.c. of hydro¬ 
chloric acid (d 1*16) until dissolved, and the solution almost neu¬ 
tralised. Orange needles of 5-nitro-2-aminophenol (37 ; 7 g.) 
separated Immediately. On adjusting the reaction of the filtrate 
to neutrality, a red, crystalline solid (9*4 g.) separated which was 
almost pure 4-nitro-2-aminophenol. On one crystallisation from 
benzene with addition of glacial acetic acid, it yielded the pure 
acetate , yellow sheaves, which on drying at 95° gave 8*5 g. of the 
pure base. Ether extraction of the mother-liquors gave a semi¬ 
solid product which, fractionally crystallised as acetate from 
benzene and a little glacial acetic acid, gave further small quantities 
of 5-nitro-2-aminophenol (1*8 g.) and 4-nitro-2-aminophenol (3*0 g.). 
The total yield of pure nitroaminophenols was 83%. 

5-Nitro-2-aminophenol (XIII) when quite pure melts at 203— 
204° and crystallises from water in orange or dark brown needles 
(Friedlaender and Zeitlin, Ber., 1894, 27,192, give m. p. 201—202°). 
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This compound was also obtained as green plates, which melted at 
170°, but crystallised almost instantaneously, and then melted at 
203—204°. The velocity of transformation in contact with aqueous 
solutions is, however, slow. The 1ST -monoacetyl derivative, obtained 
by the action of acetic anhydride without the application of heat, 
is sparingly soluble in boiling alcohol and crystallises in stout, pale 
yellow prisms, m. p. 271—272° (Pound : C, 49*0; H, 4-1. C 8 H s 0 4 N 2 
requires C, 49*0; H, 4*1%). The ON -diacetyl derivative is formed 
very readily by boiling the aminonitrophenol with acetic anhydride. 
It is readily soluble in boiling alcohol and crystallises as a felt of 
fine needles, m. p. 193—194° (Found : C, 50*5 ,* H, 4*3. C 10 H 10 O 5 N 2 
requires C, 50*4; H, 4*2%). The triacetyl derivative was isolated 
from the acetylation mother-liquors of the preceding. It crystal¬ 
lises from absolute alcohol, in which it is readily soluble, in fern-like 
clusters of stout crystals, m. p. 138—139° (Found : C, 51*6; H, 4*5. 
C 12 H 12 0 6 N 2 requires C, 51*4; H, 4*3%). 

4-Nitro-2-aminophenol (XIV) forms an N -monoacetyl derivative, 
m. p. 279—280°, by the action of acetic anhydride at room temper¬ 
ature. It forms clusters of needles from absolute alcohol, in which 
it is very sparingly soluble at the boiling point (Found: C, 48*9; 
H, 4*2. C 8 H 8 0 4 N 2 requires C, 49*0; H, 4*1%). The ON-diacetyl 
derivative, formed with difficulty by long boiling with excess of 
acetic anhydride, crystallises from boiling absolute alcohol, in which 
it is readily soluble, in needles or prisms, m. p. 187—188° (Found : 
C, 50*2; H, 4*3. C 10 H 10 O 5 N 2 requires C, 50*4; H, 4*2%). 

Nitration of Carbonyl-o-aminophenol (XV).—Carbonyl-o-amino- 
phenol (0*5 g.) was warmed with 2 c.c. of nitric acid (d 1*42); a 
violent reaction then occurred accompanied by frothing. The 
mononitro-compound crystallised out and was isolated by pouring 
into water. The yield was 0*5 g., m .p. 255° (Bender, Ber. y 1886,19, 
2271, gives m. p. 256°). When boiled for 6 hours with 16% hydro¬ 
chloric acid, it was for the most part undissolved and unchanged, 
but neutralisation of the filtrate and ether extraction gave 0*15 g. 
of 5-nitro-2-aminophenol, m. p. 201°. The unchanged residue was 
boiled with hydrochloric acid (32%) and alcohol for 8 hours and gave 
a portion of unchanged compound and 0*2 g. of 5-nitro-2-amino- 
phenol. 

Nitration of N-Acetyl-2-aminophenol .—On nitration with nitric 
acid (1 mol.) as described for ethenyl-2-aminophenol, the sole 
product obtained was 4:6-dinitro-2-acetylaminophenol (aeetyl- 
picramie acid). 

Nitration of Triacetyl-2-aminophenoL —When nitrated with nitric 
acid (1 mol.) as for the ethenyl derivative, this phenol yields small 
quantities of the monoacetyl derivatives of 4- and 5-nitro-2-amino- 
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phenol, readily isolated by reason of their sparing solubility in 
alcohol. If, however, the nitration product be hydrolysed, 4 :6- 
dinitro-2-aminophenol (picramic acid) is readily isolated as the main 
product of the nitration. 

4z-Amino-2-hydroxyphenylarsinic Acid (IH).—4-Nitro-2-hydroxy- 
phenylarsinic acid was obtained in 78% yield from 5-nitro-2-a min o- 
phenol a§ described by Bauer (loc. tit.) except that the main bulk 
of arsinic acid separated on neutralisation to Congo-paper, without 
proceeding via the magnesium salt. On reduction with ferrous 
chloride by the method of Jacobs, Heidelberger, and Bolf (J. Amer. 
Chem. Soc 1918, 40, 1580) it gives an 84% yield of 4-amino-2- 
hydroxyphenylarsinic acid. The hydrochloride , nitrate , and sulphate 
all crystallise from the corresponding A-acids in acicular crystals, 
and with the exception of the sulphate are readily soluble on warm¬ 
ing. On addition of nitrite, a yellow colour is developed, and on 
adding to alkaline (3-naphthol, a red colour is produced. The 
same colour is produced by pouring into alkali, probably through 
self-coupling. Addition of excess of nitrite destroys the coupling 
property almost instantaneously. 

3'-Nitrobenzoyl-4:-amino-2-hydroxyphenylarsinic Acid (X).—The m- 
nitrobenzoylation was carried out exactly as described for the 
isomeric 3-amino-4-hydroxyphenylarsinic acid, an 89% yield of the 
amide being obtained. It is almost insoluble in hot glacial acetic 
acid, but slightly soluble in hot 90% formic acid, from which it 
crystallises in bunches of needles (Found : As, 19*5. C 13 H 1:l 0 7 N 2 As 
requires As, 19-6%). The sodium salt crystallises in fine needles. 

3 '-Aminobenzoyl- 4- amino-2-hydroxyphenylarsinic Acid (V; B = H). 
—This acid was prepared as described for the isomeric derivative 
of 3-amino-4-hydroxyphenylarsinic acid (vide infra) in 72% yield. 
Liberated from acid solution by sodium acetate, it separates micro¬ 
crystalline (Found: As, 20*8; 20*7. CigH^OslNTgAs requires As, 
21*3%). The sodium salt crystallises in platelets, the ammonium 
salt as a felt of needles. The hydrochloride, clusters of needles, and 
nitrate , minute needles, are readily soluble in their respective warm 
A-acids, but the sulphate , clusters of needles, is rather sparingly 
soluble in boiling A-sulphuric acid. 

The arseno -derivative prepared by the action of hypophosphorous 
acid at 60° contained 30% of As as against 24*8% (theoretical) 
and consisted therefore mainly of polyarsenides. It was insoluble 
in sodium hydroxide or mineral acids, but dissolved on adding 
nitrite. 

S': 5-DinitrobenzoylA-amino-2-hydroxyphenylar$inic Acid (XI).— 
The above-described mononitro-acid (11*3 g.) was dissolved in 
sulphuric acid (45 c.e.), cooled to 0°, and nitrated with a mixture 



AND CHEMICAL CONSTITUTION. PAET IV. 


825 


of 2-15 c.c. of nitric acid (d 1*42) and sulphuric acid (2 c.c.). On 
pouring on to ice, a yellow, microcrystalline precipitate separated. 
It was collected, dissolved in sodium carbonate, and reprecipitated by 
acid. The yield was 95% (Found: As, 17-7. C^H^OgNgAs 
requires As, 17*6%). This acid is sparingly soluble in boiling acetic 
acid and crystallises in microscopic needles, more soluble in formic 
acid, from which it separates in much longer needles. 

On hydrolysis by boiling with 15 volumes of A^-sodium hydroxide 
for 40 minutes, it gave pure m-nitrobenzoic acid, and 5-nitro- 4- 
amino - 2 - hydroxyph-enylarsini c acid , short, yellow prisms crystallising 
readily from hot water, in which it is fairly readily soluble. It is 
sparingly soluble in 3N -hydrochloric acid, but readily soluble in 
concentrated acid. It diazotises with nitrite and thereafter couples 
with alkaline p-naphthol. Excess of nitrite, however, destroys the 
coupling property (Found: As, 27-1. C 6 H 7 0 6 N2As requires As 
27*0%). 

3': 5-DiaminobenzoylA-amino-2-hydroxyp]ienylarsinic Acid .—This 
was obtained in 71% yield by reduction of the dinitro-acid with 
ferrous chloride and alkali. When liberated from the alkaline 
extracts of the ferric hydroxide, it separates in very fine needles, 
but occasionally as an amorphous, voluminous solid which becomes 
crystalline on warming the precipitation liquor (Found : As, 20*6. 
C 13 Hi 4 0 5 N 3 As requires As, 20*4%). The hydrochloride is very 
soluble in N -hydrochloric acid, but separates from stronger acid in 
narrow leaflets with domed ends; the sulphate , minute needles, 
is only moderately soluble in sulphuric acid, but the nitrate is 
very readily soluble in JV-nitric acid and crystallises from more con¬ 
centrated acid in needles and in lenticular prisms. On addition of 
nitrite, it diazotises and then gives the same red colour on pouring 
into alkali, probably owing to self-coupling, as on adding to alkaline 
p-naphthol. This acid is very resistant to hydrolysis. It is un¬ 
changed after boiling with A-alkali for an hour, or after 7 hours’ 
boiling with concentrated hydrochloric acid. It was recovered to 
the extent of more than 60% after 5 hours’ heating with concentrated 
hydrochloric acid under pressure at 150°. m-Aminobenzoic acid 
was identified as a hydrolytic product. 

4 : 5-Diamino-2-hydroxyphenylarsinic Acid .—5-Mtro-4-amino-2- 
hydroxyphenylarsinic acid (2*0 g.) was dissolved in 22 c.c. of N- 
sodium hydroxide (3 mols.) at 0° and to the vigorously stirred 
solution were added all at once 5*0 g. of sodium hyposulphite (1 mol. 
of 80% == 4*7 g.) with removal of the external bath. After being 
stirred for 2 hours, the solution was filled with fine needles of the 
required amino-acid. This was collected and washed with ice-cold 
water (yield 93%). For analysis and physiological testing, it was 
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dissolved in 20 c.c. of O^iV’-hydrochloric acid and reprecipitated by 
addition of saturated sodium acetate. On 1*65 g. there was a loss 
of 0*1 g. The diamino-acid crystallises from boiling water, in which 
it is sparingly soluble, in fine needles. It is very soluble in iV'-hydro- 
chloric acid and gives, on addition of nitrite, a red coloration, which 
becomes pale after a few seconds. This is followed by separation 
of the diazoimine, in rectangular leaflets. The diamino-acid reduces 
ammoniacal silver nitrate instantly at room temperature. In acid 
solution, potassium dichromate gives a port wine colour (Pound: 
As, 29*0. C 6 H 0 O 4 N 2 As,JH 2 O requires As, 29-0%). 

3' ~Nitroanisoyl- ^-amino-2-hydroxyphenylarsinic Acid. —Prepared 
in 83% yield in the same way as its isomeride (vide infra), this acid 
is almost insoluble in hot glacial acetic acid, but crystallises from 
hot 90% formic acid in spear-shaped needles (Pound : As, 18*4. 
Ci 4 H 13 0 8 N 2 As requires As, 18*2%). The sodium salt, silky needles, 
and ammonium salt, diamond-shaped plates, were only moderately 
soluble in water. 

S'-AminoanisoylA-amino^-hydroxyphenylarsinic Acid (V; R = 
OMe).—This acid, obtained in 77% yield by reduction of the 
nitro-acid with ferrous chloride and alkali at 0°, separates as a jelly 
on acidification of the alkaline extracts of the ferric hydroxide. It 
soon crystallises, however, in silky needles (Pound: As, 19*4. 
Ci^OeMsAs requires As, 19*6%). The sodium salt crystallises 
in prisms readily soluble in water. The hydrochloride, spiked leaflets, 
is readily soluble in warm ^-hydrochloric acid, but the sulphate, 
short, white needles and stout prisms, and nitrate, soft, woolly 
needles, are much less soluble in the warm acids. 

The arseno-b ase could not be obtained sufficiently pure for 
physiological testing. Reduction with hypophosphorous acid under 
the mildest conditions gave polyarsenides containing between 
26% and 56% of arsenic as against 22*6% required by theory. 
Reduction with hyposulphite even at 70° gave no trace of arseno- 
base. 

3'- Nitro- 4'- ethylcarbonatobenzoyl - 4 - amino-2-hydroxyphenylarsinic 
Acid. —3-Nitro-4-ethylcarbonatobenzoyl chloride (28*2 g.; 2 mols.) 
was added in several portions to 4-amino-2-hydroxyphenylarsinic 
acid (12 g.), dissolved in 2A'-sodium hydroxide (45 c.c.), saturated 
sodium acetate solution (50 c.c.), and water (20 c.c.), with vigorous 
shaking. The reaction mixture was acidified to Congo-paper, and 
the precipitate collected after being well washed with dilute acid 
and water. When dry, it was extracted in a Soxhlet apparatus with 
ether and reprecipitated from sodium carbonate solution by acid. 
The yield was 73% of the theoretical. This acid is practically 
insoluble in hot glacial acetic acid, but separates from 90% formic 
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acid in microscopic, fluffy needles (Pound : As, 15*9. C 16 H 15 O 10 N 2 As 
requires As, 15*9%). 

-NitroA'-hydroxybenzoylA-amino-2-hydroxyphenylarsmic Acid .— 
The preceding acid (18*5 g.) -was dissolved in 4 equivalents of N- 
sodium hydroxide (158 c.c.) and kept at room temperature for 18 
hours. On acidification carbon dioxide and ethyl alcohol were 
liberated and a white, microcrystalline precipitate was thrown down* 
This was collected, dried, and extracted with ether in a Soxhlet 
apparatus (yield 89%). This acid dissolves in alkali with a bright 
yellow colour, is almost insoluble in warm acetic acid, but crystal¬ 
lises from 90% formic acid in microscopic needles (Found : As, 18*8. 
Ci 3 H 13 0 8 N 2 As requires As, 18*8%). 

Z'-AminoA'-hydroxybenzoylA-amino-Z-hydroxyphenylarsinic Acid 
(V; R = OH).—Reduced as described for its isomeride (vide 
infra), this acid was obtained in 76% yield. Liberated from alkaline 
solutions by acid, it separates in a gelatinous condition, but rapidly 
crystallises, on warming, in elongated leaflets (Found: As, 20*0. 
C 13 Hi 30 6 N 2 As requires As, 20*4%). The hydrochloride , small 
needles, is readily soluble in ^-hydrochloric acid; the nitrate , 
diamond-shaped plates, is sparingly soluble in hot JV-nitric acid, 
and the sulphate , needles, is moderately soluble in warm ^sulphuric 
acid. On adding nitrite to a salt with mineral acids, a very sparingly 
soluble yellow diazo-oxide is precipitated, of amorphous appearance, 
but microscopically anisotropic. It couples intensely with alkaline 
P-naphthol. 

3'-Amino-4:'-hydroxybenzoyl-4:-amino-2-hydroxyarsenobenzene (IX). 
—The above-described arsinic acid (8 g.) was suspended in 15 c.c. 
of hypophosphorous acid (d 1*14), diluted with an equal volume of 
water, and stirred at 45° for hours after addition of a crystal of 
potassium iodide. The orange-yellow arsenohypophosphite was 
worked up as described for aminobenzoyl-3-amino-4-hydroxy- 
arsenobenzene. The yield was 1 *0 g. When dried, it formed a brittle, 
brownish-yellow powder, instantly soluble in sodium hydroxide to a 
pale yellow solution. It was not soluble in mineral acids, but 
dissolved on adding nitrite and then coupled with alkaline p- 
naphthol. On analysis, the product proved to contain polyarsenide 
(Found: As, 28*7. CagH^O^Asa requires As, 23*6%). When 
prepared at 55°, the proportion of polyarsenide was increased, as 
the arsenic content was 29*8%. 

-Niirobenzoyl-Z-aminoA-hydroxyphenylarsinic Acid, —To a 
solution of 3-amino-4-hydroxyphenylarsinic acid (7*4 g.) in 2N- 
sodium hydroxide (25 c.c.) and half-saturated sodium acetate 
solution (200. c.c.) was added 3-nitrobenzoyl chloride (11*8 g.) 
dissolved in ether. The mixture was vigorously shaken, and sodium 

ee*2 
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hydroxide solution run in from time to time to maintain a slight 
alkalinity to phenolphthalein. On completion of the reaction, the 
mixture was made neutral to Congo-paper, the precipitated solid 
collected, washed with dilute acid, and, after drying, extracted 
thoroughly with ether. It was dissolved in alkali, reprecipitated by 
acid, dried, and again extracted with ether. The yield was 90%. 
This nitro-acid is almost insoluble in hot glacial acetic acid, but 
crystallises from hot 90% formic acid in silky needles (Found: As, 
19-6. C 13 H u 0 7 N2As requires As, 19*6%). The ammonium salt 
is sparingly soluble and crystallises in tufts of needles. 

Z'-Aminobenzoyl-Z-amino A-hydr oxyphenylarsinic Acid (IV; 
B, = H).—The nitro-acid (7-6 g.) was dissolved in 72 c.c. of 2N- 
sodium hydroxide solution at 0°, and ferrous chloride (28 g.) dis¬ 
solved in 40 c.c. of water run in slowly with vigorous stirring. A 
further quantity (72 c.c.) of 2V-sodium hydroxide was then run in 
under the same conditions. After stirring for 90 minutes, the 
ferric hydroxide was filtered off and extracted twice by thorough 
disintegration with 150 c.c., each time, of O-flA-sodium hydroxide. 
The combined alkaline filtrates were neutralised to Congo-paper, 
and the crystalline precipitate was collected. It was dissolved in 
150 c.c. of A-hydrochloric acid and reprecipitated by addition of 
saturated sodium acetate solution. The yield was 44%. This 
amino-arsinic acid, so prepared, separates in microscopic plate¬ 
lets of indefinite shape (Found: loss at 100°, 4-9, 4-7, 5*1. 
C 13 Hi 3 0 5 N2As,H 2 0 requires H 2 0, 4*9%. Found in anhydrous 
material: As, 20*8. requires As, 21*3%). It is 

readily soluble in warm JV-mineral acids, the hydrochloride crystal¬ 
lising in microscopic, narrow leaflets, the sulphate in rectangular 
leaflets, and the nitrate in microscopic plates. 

3'-Aminobenzoyl - 3 - amino - 4 - hydroxyarsenobenzene.— The corre¬ 
sponding arsinic acid (1 g.) was suspended in a mixture of 30% 
hypophosphorous acid (5 c.c.), glacial acetic acid (5 c.c.), and water 
(5 c.c.), with addition of a crystal of potassium iodide. After 
stirring for 2 hours at 57°, the orange-yellow solid was centrifuged 
off, and the deposit washed several times with boiled-out water. 
It was then made alkaline by addition of aqueous sodium hydrogen 
carbonate and washed free from alkali by repeated centrifuging with 
water. The product was dried in a vacuum (yield 0*53 g.). This 
arsenobenzene is insoluble in aqueous acids or alkalis, but soluble 
in warm 90% formic acid. In acid solution, it dissolves immedi¬ 
ately on addition of nitrite and then couples with alkaline (3-naphthol 
with a deep red colour (Found : As, 24*8. CggH^O^Asg requires 
As, 24*8%). 

B'-Nitroanisoyl-S-aminoA-hydroxyphenylarsinic Acid .—This acid 
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was obtained in 80% yield by the same process as is described for 
the corresponding 3'-nitrobenzoyl derivative. It is practically 
insoluble in boiling glacial acetic acid, but crystallises from 90% 
formic acid in square leaflets (Found : As, 17*9. C^H^OglSTgAs 
requires As, 18*2%). The sodium salt, acicular crystals, is readily 
soluble in water. 

Z'-Aminoanisoyl-Z-aminoA-hydroxyyphenylarsinic Acid (IV; 
H = OMe).—The reduction of the nitro-compound was carried 
out precisely as described for the preparation of the 3'-aminobenzoyl 
compound. The yield was 61%. Liberated from acid solution by 
sodium acetate, this acid crystallises in colourless plates (Found: 
As, 20*0. C 14 H 15 0 6 N 2 As requires As, 19-6%). The hydrochloride, 
rosettes of needles, is readily soluble in hot 27-hydrochloric acid, the 
sulphate, microscopic, square leaflets, is less soluble in hot 27-sulphuric 
acid, and the nitrate, long, silky needles, is sparingly soluble in hot 
JV-nitric acid. 

Z'-Aminoanisoyl-S-aminoA-hydroxyarsenobenzene. —Prepared in 
the same way as the previously described arsenobenzene in 77% 
yield, this is a yellow powder insoluble in acids or alkalis, but 
instantly soluble in acid solution on addition of nitrite. It then 
couples with alkaline (3-naphthol (Found : As, 22*7. C 2 gH 26 0 6 N' 4 As 2 
requires As, 22*6%). 

3'- Nitro -4' - ethylcarbonatobenzoyl - 3 - amino - 4 - hydroxyphenylarsinic 
Acid (VII).—3-Amino-4-hydroxyphenylarsinic acid (11*6 g.) was 
dissolved in 100 c.c. of water with addition of 5*3 g. (2 mols.) of , 
sodium carbonate. After addition of 100 c.c, of saturated sodium 
acetate solution, 27*3 g, (2 mols.) of 3~nitro-4-ethylcarbonatobenzoyl 
chloride were added in three portions with a few c.c. of ether, and 
well shaken. After J hour, the solution was made definitely acid to 
Congo-paper, and the mixture of acids collected, dried, and divided 
by ether extraction into 17*0 g. of the required arsinic acid, insoluble 
in ether, and 16*0 g. of recovered nitroethylcarbonatobenzoic acid, 
soluble in ether. This arsinic acid is readily soluble in cold 90% 
formic acid and crystallises therefrom in microscopic needles; from 
glacial acetic acid, in which it is readily soluble when hot, it separates 
either as needles or rectangular leaflets (Found: As, 16*1. 
Ci 6 H 15 O 10 N 2 As requires As, 15*9%). 

3' -Nitro-4 ' -hydroxybenzoyl- 3 -aminoA-hydroxyphenylarsinic Acid . 
—The foregoing ethylcarbonato-acid (10 g.) was dissolved in 27- 
sodium hydroxide (4 mols.) and kept for a day. It was diluted with 
an equal volume of water and precipitated with concentrated hydro¬ 
chloric acid. On war m ing the m ixture, the precipitated acid became 
partly crystalline. The dried acid, when extracted with ether to 
remove hydroxJynitrobenzoic acid, was obtained in 84% yield. The 
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aqueous mother-liquors, extracted with ether, gave nitrohydroxy- 
benzoic acid and also contained 3-amino-4-hydroxyphenylarsinic 
acid, as was proved by its coupling strongly with alkaline (3-naphthol 
after diazotisation. The required arsinic acid dissolves in alkali 
with a bright yellow colour. It crystallises in diamond-shaped 
spicules from either boiling glacial acetic acid, in which it is sparingly 
soluble, or boiling 90% formic acid, in which it is readily soluble 
(!Found: As, 19-2. C 13 H 12 0g]Sr 2 As requires As, 18-8%). 

3'-AminoA'-hydroxy benzoyl-3-a?nino-4:-hydroxyphenylarsinic Acid . 
(IV; R = OH).—The nitro-acid (8*8 g.) was dissolved in 33 c.c. 
of water with the aid of two equivalents (23 c.c.) of 2A-sodium 
hydroxide, and ferrous chloride (31 g.) in 42 c.c. of water added 
slowly with vigorous stirring at —5°. Sufficient sodium hydroxide 
(167 c.c. of 2 N) was now slowly added to make the reaction of the 
fluid distinctly alkaline to litmus. The filtered ferric hydroxide 
was thoroughly extracted, each time, with 170 c.c. of 0*2A-sodium 
hydroxide. On rendering the combined extracts neutral to Congo- 
paper, a copious separation of crystalline amino-acid ensued. This 
was purified by solution in 100 c.c. of iV-nitrie acid at 50° and 
precipitation with sodium acetate, and gave 4*0 g. The main 
mother-liquors were rapidly concentrated below 50° to a small 
volume and gave a mixture of the amino-compound and the 
corresponding azoxy-compound, readily separable by dilute nitric 
acid into 0*75 g. of azoxy-compound (9% yield) and 1*0 g. of 
amino-compound. The total yield of amino-compound was 62% 
(Found: As, 20*4. C^H^O^gAs requires As, 20*4%). The 
amino-acid diazotises with production of a deep yellow solution, 
from which an insoluble diazo-oxide crystallises in dense clusters of 
needles. It couples readily with alkaline p-naphthol. The hydro¬ 
chloride, microscopic needles, is very sparingly soluble in boiling 
A-hydrochloric acid; the sulphate , leaflets, is sparingly soluble in 
warm JVsulphuric acid; and the nitrate, microscopic needles, is 
readily soluble in warm A-nitric acid. 

The azoxy-compound crystallises very readily from boiling 90% 
formic acid, in which it is readily soluble, in pale brown, truncate, 
diamond-shaped plates. It dissolves in ammonia with a pale yellow 
colour and gives an insoluble magnesium salt on addition of 
magnesium chloride. 

3' -AminoA'-hydroxyb enzoyl- 3 - amino - 4 - hydroxyarsenobenzene (VIII 
was obtained in quantitative yield, allowing for recovered acid, by 
reduction of the corresponding acid (4*0 g.) with 20 c.c. of hypo- 
phosphorous acid (d 1*14), 20 c.c. of water, 10 c.c. of acetic acid, and 
a crystal of potassium iodide at 50—55° for 3 hours. The pure 
arseno-base was isolated as described for the preceding members. 
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It is a yellow powder soluble in caustic alkalis, but forming insoluble 
orange salts with acids. It is instantly soluble to a yellow solution 
on addition of nitrous acid. Prom more concentrated solutions, 
the amorphous diazo-oxide separates; this couples with alkaline 
p-naphthol (Found : As, 23-8. C 26 H 22 0 6 N 4 As 2 requires As, 23*6%). 

The* National Institute for Medical Research, 

Hampstead, N.W. 3. [ Received , January 22nd , 1926.] 


CXIII.— Liquid-line Corrosion . 

By Ernest Sydney Hedges. 

There are many instances of enhanced corrosion occurring at the 
liquid line, when a solid is partly immersed in a liquid which has 
a chemical action on it, or which simply dissolves it. The phe¬ 
nomenon was first described by Spring (Z. physical . Chem ., 1889, 
4, 658) for calcite dissolving in hydrochloric acid and for sucrose 
and sodium carbonate dissolving in water. He concluded that the 
extra dissolution was due to an enhanced reactivity of the solvent 
at the surface. This explanation was denied by Klobukow (ibid., 
1890, 5, 180), who suggested that the greater portion of the solid 
was protected by the downward streaming of the product, whilst 
fresh solvent was always being drawn in at the liquid surface. 
Ganguly and Banerji ( Z. anorg. Chem., 1922, 124, 140) believe that 
the phenomenon is related to the surface tension of the liquid, 
since the effect was diminished in the cases they investigated by 
covering with a layer of oil. 

The water-line corrosion of metals offers a special case of great 
practical importance. Here it is generally held that atmospheric 
oxygen assists in the corrosion near the surface of the liquid. Evans 
(compare “ Corrosion of Metals,” Arnold, 1924, p. 106) takes a 
more definite point of view and ascribes the effect to the automatic 
removal of ions from the metal in the vicinity of the water line, 
through the relatively cathodic nature of the portion above. 
Watson and Watts {Trans. Amer. Electrochem. Soc., 1923, 44, 1) 
investigated many cases of slow corrosion of metals in aqueous 
solution and concluded that the effect was due to protection of the 
rest of the metal through the downward flow of the reaction 
products. 

Experimental. 

During the course of several years’ work on the dissolution of 
metals in various reagents the author has been continually con¬ 
fronted with this phenomenon, and has had opportunities of studying 
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it, where the reaction velocity is fairly rapid.. These seem to be 
more suitable and trustworthy conditions than the slow corrosion 
over periods of several weeks previously investigated. 

Strips of zinc and magnesium were partially immersed in .^-hydro¬ 
chloric acid. The strips were eaten through along a line about 
0-5 mm. above the water line some considerable time before the 
rest of the metal dissolved. Owing to the vigorous evolution of 
hydrogen, the reaction products were washed in an upward direction 
instead of downward, and the effect cannot be due in this case to 
protection of the metal thereby. Watson and Watts (loc. tit.) state 
that water dine corrosion does not take place when zinc dissolves in 
hydrochloric acid with disengagement of hydrogen. This state¬ 
ment, however, must be due to error of observation. 

The effect has also been repeatedly obtained in the dissolution 
of magnesium in ammonium chloride solution, dilute sulphuric acid 
and dilute nitric acid, with zinc in dilute sulphuric acid and dilute 
nitric acid, and with aluminium in solutions of caustic soda and 
hydrochloric acid. Scarcely any effect was observed in the dissolu¬ 
tion of iron in hydrochloric acid. 

In all these cases the rate of gassing was sufficient to prevent 
any downward streaming of the reaction products. It seemed 
possible, however, that the depolarising action of oxygen contained 
in the surface of the solution could account for the increased velocity 
of corrosion. The experiments were therefore repeated in an 
atmosphere of hydrogen. Identical results were obtained, and 
thus it is established that the water-line corrosion of metals occurs 
in absence of the two causes which have been discussed. 

Further evidence against the necessity for oxygen is furnished by 
the strong preferential liquid-line corrosion when strips of copper 
or iron are partly immersed in strong solutions of nitric acid. Here, 
the solution itself is a much more active depolariser than atmospheric 
oxygen. Again, although iron was not observed to undergo 
appreciable extra corrosion at the water line in hydrochloric acid, 
the effect is very marked when a mixture of hydrochloric and 
nitric acids is used. An idea of the magnitude of the effect is gained 
from an experiment in which copper sheet 0*022 inch in thickness 
, dissolved in a mixture of 25 c.c. of nitric acid, 10 c.c. of hydrochloric 
acid, and 65 c.c. of water. When the water line was completely 
cut through, the thickness of the undissolved metal was 0-010 inch. 

The excessive corrosion takes place just above the water line, at 
the place where a film of liquid creeps up the metal, and it seems 
that the increased velocity of reaction is a property of this film. 
Further evidence supporting this suggestion is gained from some 
observations on the dissolution of magnesium and zinc in dilute 
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acids. At suitable rates of reaction the ascending bubbles of 
hydrogen coalesce near the end of their course, forming a large 
bubble , 9 n either side of the metal sheet just under the water line. 
The bubble bursts in a short time, but is immediately formed again. 
Thus, during the greater part of the reaction, there exists just below 
the water line a thin film of solution in contact with the metal and 
bounded by the large bubble of hydrogen. Subsequent examination 
of the metal showed in every case a roughly circular patch indicative 
of strong preferential corrosion in the region adjacent to the bubble. 

This explanation appears to account for the observation by 
McCulloch (J. Amer . Chem. Soc. 9 1925, 47,1940) that when a rubber 
band is wrapped tightly round a piece of iron which is then immersed 
in dilute hydrochloric acid, the iron is strongly corroded under the 
rubber band. 

The author has also repeated Spring’s experiment, dissolving 
sticks of marble in 0• 52V-hydrochloric acid and in JV'-nitric acid. 
Under these conditions, the upward wash of carbon dioxide bubbles 
causes a visible upward streaming of the soluble product, which 
can be observed to fall subsequently down the sides of the vessel. 
Excessive corrosion at the water line occurred in both cases. Here 
the oxygen theory or the electrolytic theory cannot enter. Gur- 
witsch also (Z. physiJcal. Chem. 3 1924, 109 , 375) has performed experi¬ 
ments where the product of solution is specifically lighter than the 
solvent and yet found increased activity at the surface of the 
solution. 

In experiments where little or no gas evolution occurred and the 
reaction products were allowed to flow down the metal, the effect 
was quite different when the metal broke off at the water line. 
The piece of metal was found to be progressively thinned from the 
bottom to the water line, resembling a fine wedge. In the other 
cases, where downward streaming was prevented, the fallen metal 
was of uniform thickness as though it had been sawn. 

Whilst it may be ad mi tted that the downward streaming of 
reaction products and depolarisation by oxygen may assist in 
preferential corrosion at the liquid line in suitable circumstances, 
these experiments indicate that the phenomenon takes place in 
absence of these causes, thus supporting the original hypothesis of 
Spring, 

Bedford College tor Women (University of London), 

Regent’s Park, N.W. 1. [Received, February 9th, 1926.} 
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CXIV.— Observations on Liquid Boundaries and 

Diffusion Potentials . 

By Sydney Raymond Carter and Frederick Measham Lea, 

During an investigation (J., 1925, 127, 487, 499) on the E.M.F. 
of systems involving potassium chloride and concentrated acid 
solutions, it was necessary to set up chains of connecting solutions 
having potentials which would be readily reproducible and be 
subject to the minimum fluctuation with time. 

Various types of liquid junctions were studied, therefore, and 
the main results are collected in this paper. Thus in maWng up 
the oxidation cell (Pt)jOxid. salts, £A T -HCl|(u) . . . (b) 
iV-KCl,Hg 2 CL>[Hg or (Pt)|Oxid. salts, anV-HClj(a) . . . (b) 
V.H 2 S0 4 ,Hg 2 S0 4 |Hg the chain xN-TLCl\(a) . . . (6)|V-KC1 or 
sV-HCl|(u) . . . (6)|V-H 2 S0 4 may be completed by connecting the 
points (a) and (b) in one of the following ways, (i) directly, (ii) 
through JV’-hydroeklorie acid, (iii) through saturated potassium 
chloride solution. 

A. Acid-Acid Boundaries of the Type tfV-HCljV-HCl.—This type 
of boundary occurred in scheme (ii), and two modes of formation of 
this boundary will be described. 

(1) The connecting tube from (a) carries a tap and dips into 
hydrochloric acid of the same concentration (ahV-HCl). Connexion 
is made to a vessel containing V-hydrochloric acid by means of an 
inverted U tube filled with V-hydrochloric acid and, as in other 
cases, plugged at the ends with filter-paper. It makes but little 
difference, however (about 0-001 volt), if this connecting tube be 
filled with the ad\ 7 -hydrochlorie acid. Diffusion potentials at boun¬ 
daries so set up show little fluctuation with time. 

(2) If the open end of the tube with tap from (a) is immersed 
directly in V-hydrochloric acid, complete mixing of the two acid 
solutions takes place as far as the tap and it is here that the actual 
liquid junction occurs. If the zV-hydrochloric acid be 5N } this 
method gives diffusion potentials differing by about 0*006 volt from 
those obtained by method A (1). 

In the work on the cupric-cuprous potentials, as well as 
that on the diffusion potentials, method A (1) was invariably 
employed. 

B. Acid-Bait Boundaries of the Type HC1|KC1.—(1) Direct con¬ 
nexion between zA 7 -hydrochloric acid and A-potassium chloride is 
equivalent to scheme (i) and leads to considerable fluctuations of 
E.M.F. when the value of x is high. 

(2) An intermediate solution of A 7 -hydrochloric acid between the 
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two solutions in (1) gives the combination #A-Hd]A-Hd|A-KCl, 
which is scheme (ii). 

The #A-Hd|A-HCl boundary has already been described, and the 
A-HC1JA-KC1 boundary is made as follows. The connecting tube 
is filled with A-potassium chloride, in which case the diffusion 
potential is constant to about 0*0010 to 0*0015 volt on standing. 
If the connecting tube be filled with A 7 -hydrochloric acid, a diverg¬ 
ence of about 0*002 volt from the above is observed. Our practice 
has been to use the potassium chloride solution. 

Methods B (1) and (2) give values which differ considerably for 
the total diffusion potential between xN - hydrochloric acid and 
A-potassium chloride. For very strong hydrochloric acid solutions 
(10A—11A) this difference may amount to as much as 0*020 
volt. 

C. Saturated Potassium Chloride Solutions. —The interposition of a 
saturated potassium chloride solution between xN -hydrochloric acid 
and A-potassium chloride reduces the diffusion potential, but does 
not eliminate it completely for strong hydrochloric acid solutions. 
For concentrations of hydrochloric acid up to A, the conclusion of 
various workers is that saturated potassium chloride has no diffusion 
potential against the hydrochloric acid; but this does not hold for 
stronger hydrochloric acid solutions. Thus between 9A-hydro- 
ehlorie acid and A-potassium chloride the interposition of a saturated 
potassium chloride solution reduces the diffusion potential from 
approximately 0*090 volt to 0*050 volt. A direct connexion a*A-HCl| 
A-KC1 always gives a lower diffusion potential than that obtained 
when an intermediate A-hydro chloric acid is introduced; for 
9iV-hydrochloric acid it is about 0*015 volt lower. 

For 9A-hydrochloric acid the approximate values of the follow¬ 
ing diffusion potentials are : #A-HC1|A~KC1, 0*090 volt; adV-HClj 
A-HC1|A-KC1, 0*105 volt; #A-HCl|Sat. KCI|A-KC1, 0*050 volt. 

D. Liquid Junctions with Sulphuric Acid of the Type a;A-HCl| 
A-H 2 S0 4 .—Very little difference is observed if direct connexion be 
made between the xN -hydrochloric acid and A-sulphuric acid or 
A-hydrochloric acid be interposed, giving the aA-HCl(A-HCl| 
A t -H 2 S0 4 combination. 

Variation of Diffusion Potentials .—For corresponding concentra¬ 
tions, an acid|salt boundary shows more variation with time than an 
acidjacid boundary. The latter, even for A-hydrochloric acid 
against 10A-hydrochloric acid, shows little variation, in general 
not more t h an 0*001 volt and usually less. If, however, the xN - 
hydrochloric acid contains a high concentration of some salt in 
solution, then the xN -Hd| A-HC1 boundary may show a fluctuation 
of several millivolts. 
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In making potential measurements, the most consistent results 
were obtained when fresh boundaries were used wherever possible, 
and this is the experience of other workers. 

The authors desire to express their thanks to the Advisory Council 
of the Department of Scientific and Industrial Research for a grant 
to one of them (F.M.L.) which has enabled this investigation to be 
carried out. 

UNIVERSITY OF BIRMINGHAM, 

Edgbaston, [Received, February 6th, 1926.] 


CXV .—The Hydrolytic Action of Low-pressure Super¬ 
heated Steam on Salts of the Alkaline-earth Metals * 

By Percy Lucock Robinson, Harold Cecil Smith, and 
Henry Vincent Aird Briscoe. 

Although it is generally realised that many salts are attacked 
by steam at high temperatures, and it is well known, as an extreme 
case, that salts like magnesium chloride are largely hydrolysed at 
temperatures little above the boiling point of water, there is little 
definite information in the literature as to the general incidence 
and extent of the hydrolytic action of steam. The recognition 
that many chlorides and bromides could thus be decomposed, even 
by the relatively low concentration of steam formed during their 
dehydration, led to the general use of the well-known Harvard 
bottling apparatus in atomic weight determinations, but it is in 
relation to technical processes of thermal decomposition that most 
references to such phenomena are found, and the following notes 
indicate their general nature. 

The thermal decomposition of witherite is facilitated by the 
presence of steam (Priestley, Phil . Trans., 1788, 78, 852; Lenoir, 
Jahresber 1867, 13, 256; Heinz, Chem. News , 1902, 85, 206) and 
a similar result is observed, apparently, when mixtures of barium 
carbonate with calcium carbonate and carbon (Jaequelain, Compt . 
rend., 1851, 32, 877), and with sodium carbonate {Dingier's Jour., 
1884, 254, 436), are employed. 

A patented process describes the hydrolytic decomposition of 
barium sulphide by steam (Leroy and Segay, D.R.-P. 100969, 
1897). Fremy stated that fluorspar is decomposed by steam at a 
red heat, yielding calcium oxide and hydrogen fluoride (Ann. 
Ohim. Phys., 1856, 47, 17), but Poulenc later found that strontium 
fluoride is not decomposed by steam at a red heat (ibid. 9 1894, 
2, 5). It has been reported (Kunheim, “ Ober Einwirkung des 



OF LOW-PRESSURE SUPERHEATED STEAM OK SALTS, ETC. 837 

Wasserdampfes auf Chlormetalle bei hoher Temperatur,” Gottingen, 
1861) that when calcined in steam calcium chloride is decomposed 
less readily than magnesium chloride, but more readily than barium 
chloride, that this hydrolysis of calcium chloride is incomplete 
(Pelouze, Compt. rend., 1861, 32, 1267), and that it is accelerated 
when silica, alumina, or china clay are present (Solvay, Dingier's 
Jour., 1885, 255, 307). 

When steam is passed over a red hot mixture of calcium sulphate 
and sodium chloride, sodium sulphate, lime and hydrogen chloride 
are produced (Tilghmann, Dingier's Jour., 1847, 106, 196). 

Siemens (ibid., 1863, 169, 207) reported that if water vapour is 
passed over a molten mixture of sodium chloride with twice its 
weight of calcium sulphate, hydrochloric acid, sulphur dioxide, 
and hydrogen sulphide are evolved, while a mixture of steam and 
carbon dioxide under the same conditions yields only sulphur 
dioxide and hydrochloric acid; the residue contained undecom¬ 
posed sodium chloride, sodium hydroxide, calcium sulphide, calcium 
oxide, and small traces of sodium thiosulphate and sodium sulphide. 
It has been pointed out (Buff, ibid., 1864, 172, 282 ; Knapp, ibid., 
1872, 202, 513) that in such reactions the materials of the con¬ 
taining vessel, e.g., iron and silica, may play an important part, 
and the obvious incompatibility of some of the foregoing statements 
may well be due to such causes. 

A recent investigation (Thompson and Tilling, J. Soc. Ghent. 
Ind., 1924, 43, 39t) has shown that the ferrous sulphide formed, 
together with free sulphur, on heating pyrites in an inert atmosphere 
is decomposed (to form ferric oxide and hydrogen sulphide) at a 
lower temperature in steam than in carbon dioxide or air. 

Thus it is evident that the previous investigations of the hydrolytic 
action of steam are few in number, and with the exception of the 
last cited, purely qualitative in kind. It has been the object of 
the present investigation to secure some numerical data in a few 
typical cases. A weighed quantity of the salt under investigation 
was heated to a known temperature for a definite time in a current 
of steam, and the issuing steam was condensed. Titration of this 
condensate with standard alkali gave a measure of the extent of 
hydrolytic decomposition which had occurred. 

Experimental. 

Steam was passed at a constant rate over a weighed quantity 
of material in a porcelain boat placed in a silica tube heated electric¬ 
ally to the desired temperature. In the hot zone, the silica was 
protected by a liner-tube of stout sheet nickel. Temperatures 
were measured by means of a platinum-platinum-rhodium thermo- 
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couple and a Paul milhvoltmeter, the hot junction of the couple 
being held immediately above the boat containing the salt under 
investigation. The couple and millivoltmeter were standardised 
before and after use at 100° and at the melting points of tin, lead, 
zinc and sodium chloride, and found to give consistent readings 
trustworthy to about ± 5°. 

Temperature readings were taken every ten minutes (or oftener) 
throughout the run, and at the end the condensed steam was 
titrated with ^/10-sodium carbonate solution and methyl-orange, 
or, in the case of carbonates, by adding N /10-caustic soda solution 
and back-titrating with Nf 10-sulphuric acid, with phenolphthalein 
as indicator. 

Chlorides, Bromides, and Carbonates .—The table gives the data 
relative to these salts. 

Acid 

produced Wt. of salt 


Salt. 

Weight 

(g.). 

Temp. 

Time 

(mins.). 

as c.c. 
of Nl 10- 
aeid. 

decomposed 
in 30 mins, 
(calculated). 

Calcium chloride. 

1-0 

970° 

30 

99*53 

0*553 

33 93 

1-0 

970 

60 

154*53 

0*428 

» 99 

0-5 

812 

60 

65*5 

0*182 

99 99 

0-5 

425 

60 

4*5 

0*014 

Strontium chloride ... 

1*0 

970 

60 

90*9 

0*361 

93 99 

0*5 

812 

60 

6*5 

0*026 

99 99 

0*5 

641 

60 

4*0 

0*016 

99 99 

0*5 

638 

60 

0*5 

, 0*002 

Barium chloride . 

1*0 

970 

30 

7*0 

0*073 

» 99 

1*0 

970 

60 

19*1 

0*099 

99 39 

1*0 

825 

30 

0*3 

0*003 


0*5 

809 

60 

Nil. 

Nil. 

Calcium bromide ... 

0*5 

690 

30 

31*6 

0*316 

99 99 

0*5 

516 

30 

6*0 

0*060 

99 99 

0*5 

463 

30 

4*8 

0*048 

99 99 

Strontium bromide ... 

0*5 

348 

30 

1*2 

0*012 

0*5 

780 

30 

20*0 

0*248 

99 99 

0*5 

575 

30 

6*2 

0*076 

99 39 

0*5 

443 

30 

1*0 

0*013 

Barium bromide.. 

0*5 

770 

30 

5*0 

0*075 

33 99 

0*5 

640 

30 

’ 3*1 

0*046 

Calcium carbonate ... 

1-0 

558 

45 

13*7 

0*046 

99 33 

1*0 

437 

60 

5*3 

0*013 

39 99 

1*0 

390 

60 

Nil. 

Nil. 

Strontium carbonate. 

1*0 

679 

60 

9*5 

0*035 

99 99 

1*0 

598 

60 

5*8 

0*022 

99 99 

1*0 

455 

60 

0*3 

0*001 

Barium carbonate ... 

1*0 

9S0 

60 

38*6 

0*190 

99 99 

1*0 

684 

60 

17*1 

0*084 


Sulphates .—At 970° the sulphates of calcium, strontium, and 
barium were not appreciably decomposed. From the first sample 
of barium sulphate used, a trace of sulphuric acid, equivalent to 
1*2 c.c. of JVyiO-acid, was produced in the first 5 minutes. This 
was proved to be due to ferric sulphate present as an impurity. 
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The production of acid did not continue, there was no evidence 
of true hydrolytic action, and the residue was not alkaline. 

Phosphates .—Calcium phosphate only was examined. This gave 
no evidence of hydrolytic decomposition even at 970°. 

Discussion. 

The data recorded above make no claim to great precision, but 
the authors believe that they may properly be held to justify the 
following general conclusions. 

The chlorides and bromides of calcium, strontium, and barium 
are all hydrolysed by steam under atmospheric pressure at high 
temperatures, the ease of decomposition decreasing with increasing 
atomic weight, the lowest temperature at which it is appreciable 
being as follows: 

Calcium chloride . . . 425° Calcium bromide .... 348° 

Strontium chloride . . . 640° Strontium bromide . . . 443° 

Barium chloride . . . 970° *Barium bromide .... 640° 

* Barium bromide appears to be appreciably volatile at 770°. 
These figures afford some evidence that the bromides in general 
are more easily hydrolysed than the chlorides, and, in conjunction 
with the well-known difficulty of iodide preparation and the work 
of Fremy and Poulenc (loc. cit.) on the fluorides, show that the 
ease of decomposition for any alkaline-earth metal increases in 
the order fluoride, chloride, bromide, iodide, whilst for any par¬ 
ticular halide it increases in the order barium, strontium, calcium. 

In the case of the carbonates of strontium and barium the boat 
was obviously attacked and this renders the interpretation of the 
results doubtful. Calcium carbonate evidently decomposes appreci¬ 
ably at 440° in steam and it is interesting to compare this result 
with the previous observation (Pott, “ Studien uber die Dissoziation 
von Calcium-Strontium- und Barium Karbonat,” 1905) that measur¬ 
able dissociation is observed at 525°. 

Qualitative experiments with sodium and potassium nitrates 
showed that these were largely decomposed at temperatures just 
under 600°, leaving a strongly alkaline residue in the boat. The 
gaseous products comprised both nitric acid and oxides of nitrogen, 
but further investigation of this decomposition was abandoned, 
as it was likely to require an elaboration of experimental procedure 
disproportionate to the results anticipated. 

The authors desire to acknowledge a grant from the Department 
of Scientific and Industrial Research enabling one of them (H. C. S. 
to take part in this work. 

University or Durham, Armstrong College, 

Newcastle-upon-Tyne. [Received, February 4 th, 1926.] 
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CXVL —Studies with the Microbalance . Part IIP 

The Filtration and Estimation of very small 
Amounts of Material 

By Ebnst Johannes Habttjng. 

Quantitative micro-analytical work involving precipitation and 
filtration is beset with considerable difficulty because errors due 
to adsorption, mechanical loss of material, solubility of precipitates, 
and accumulation of dust are apt to assume serious proportions in 
spite of the greatest care on the part of the operator. Moreover, 
the difficulty of estimating the magnitudes of these errors makes 
subsequent attempts to correct the experimental results very 
uncertain. In view of its importance, some preliminary work on 
the general analytical technique for dealing with 1—2 mg. of 
material was carried out in this laboratory in 1910 by G. A. Ampt, 
using the Steele-Grant microbalance. For filtering operations, he 
employed asbestos in small perforated silica crucibles weighing 
about 1 g. and transferred the precipitate into them in various 
ways. The results of his work (unpublished) showed that asbestos 
was unsuitable as a filtering medium for small amounts of material 
owing to mechanical and chemical alterations in weight, and that 
serious losses of precipitate were inevitable in any method of trans¬ 
ference from one vessel to another. The obvious remedy is to 
carry out precipitation in the crucible itself and to adopt reversed 
filtration through a tube packed with platinum sponge for removal 
of mother-liquor and washings. Emich (“ Mikroehemisches Prakti- 
kum,” 1924, p. 62) has described such a device for use with 5— 
10 mg. of material; asbestos is employed instead of platinum 
sponge and the precipitation vessel with its filtering tube (3—4 g.) 
is weighed on a Kuhlmann balance to the nearest 0-005 mg. A 
few examples of analyses are given in which the errors are quoted 
as usually below 1—2 parts per 1000. As far as the author is 
aware, however, no general methods for the accurate analysis of 
amounts of material weighing less than 1 mg. have hitherto been 
described. When, therefore, the need arose for estimating with 
precision the composition of very small quantities of mixtures of 
silver and silver iodide by a procedure involving filtration, the 
capabilities of the Steele-Grant microbalance were utilised in 
investigating the conditions for successful quantitative work. 
The original problem has not yet been solved satisfactorily owing 
to the great difficulty of separating completely silver iodide from 
silver, but the methods which have been developed are fairly 
general in application and may be of use to others who are con- 
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strained to work with very small amounts of material* The appar¬ 
atus required consists of a sensitive microbalance (weighing to 
10- 4 mg.), a silica crucible and filtering tube, a dust-free enclosure 
for carrying out filtration, an evaporator and electric oven, sundry 
small appliances such as silica pipettes, tubes, etc., and specially 
prepared reagents. 

The Microbalance .—Two Steele-Grant instruments were avail¬ 
able, each carrying a load of 100 mg. and weighing accurately to 
10’ 4 mg. It was impracticable to work with a crucible and filtering 
tube which weighed together less than 500 mg. and consequently 
one of the balances was modified to enable it to carry this load 
without material reduction in its absolute sensitiveness. In the 
usual form of the instrument, a constant weight fused to one end 
of the beam counterpoises a load hanging from a silica fibre attached 
to the other end. This load consists of a very light rack carrying 
the object to be weighed, certain small weights and a silica bulb 
by means of which the beam is equilibrated through alteration of 
air pressure in the balance case. The bulb constitutes the major 
portion of the load, since it must be stoutly blown in order to 
resist deformation with varying external pressure. By removing 
the bulb from the rack and fusing it to the other end of the beam 
as part of the constant weight, almost the whole of the load on 
the fibre is available for the object to be weighed. It is, of course, 
necessary to determine the displacement value of the bulb in its 
new position, since the ratio of the lengths of the balance arms 
now enters into each weighing, but this may easily be done by 
means of a small known weight, the value of which has been found 
against the bulb of an unmodified instrument in the usual manner. 
This procedure was followed with one of the two available balances, 
and weighings consistent to the nearest 10“ 4 mg. could then be 
made in a load of 500 mg., or 1 part in 5 X10 6 parts. It is perhaps 
scarcely necessary to remark that, when material other than silica 
is weighed, certain corrections are required for the difference in 
density between silica and the material; but for quantities less 
than 1 mg., these may usually be neglected. 

Filtering Apparatus .—The silica crucible in which the analytical 
operations are conducted is 5—6 mm. in diameter and about 
16 mm. in depth (Fig. 1, E), with a capacity of 0-3 c.c. It is pro¬ 
vided with two hooks for handling and suspension, the lower of 
which is shaped to act, in addition, as a support for the filtering 
tube during weighing so that the point of the tube does not rest on 
the bottom of the crucible. The tube (Fig. 1, F) is also made 
from vitreous silica, 30 mm. in total length and 0-3 mm. in bore. 
It is bent at a right angle in its upper portion and near the lower 
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end is a constriction above a 3—4 mm. column of platinum sponge. 
This is made by igniting ammonium chloroplatinate and introduced 
by suctiorMn water, followed by careful compacting with a platinum 
wire. The lower orifice of the tube is then somewhat constricted 
in the oxy-gas flame. A suitable rate of passage of water through 
the finished filter with strong suction is about 3 c.c. per hour and 
finely-divided precipitates are completely retained by it. Care 
must be taken, however, that the filter is never ignited above a 
low red heat, otherwise the platinum sponge tends to shrink and 


Fig. 1. Fig. 2. 



may leave channels which impair its filtering quality. Attempts 
were made to replace the platinum by finely-ground silica, firmly 
compacted and then sintered together, but shrinkage was so marked 
that the resulting filters were useless. 

The dust-free enclosure in which filtration is carried out is shown 
in Fig. 1. A ground glass plate, A, with central perforation is 
demented with pitch on top of an ordinary tripod with the ground 
surface upwards. On this rests a glass “ dialysing jar 53 with 
ground ends, B, about 12 cm. in diameter and 10 cm. deep; this 
is closed above with the ground glass plate, C. On the ledge 
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inside the jar stands a light glass framework, D, provided with 
suitable hooks from one of which the crucible, E, hangs. The 
filtering tube, F, is inserted in a short length of clean rubber tubing, 
G, on the end of the arm of the ground cap, H, of a vertically 
clamped glass tube, J, which passes snugly through the central 
perforation of the base plate of the chamber. The enlarged upper 
end of this tube encloses a silica crucible, K, of rather more than 
1 c.c. capacity, which hangs from a hook cemented to the inside 
of the ground cap. By this device, the filtrate from E may be 
collected in K without contamination or loss. The lower end of 
the tube J is connected to an exhaust pump or an evacuated receiver 
during filtration. The crucible E is introduced by means of a 
bent silica rod after raising C, and the filtering tube is inserted 
by a pair of narrow-pointed forceps into the moistened end of G 
after raising B. The tips of these forceps require special prepar¬ 
ation ; if they are made of smooth metal or ivory, there is great 
risk of the silica tube slipping out, whilst if the metal is roughened, 
some of it is gradually transferred to the smooth silica tube where 
it is visible as greyish weighable stains. This trouble was obviated 
by arming the tips with good quality calendered writing paper, 
cemented on with a little varnish and subsequently trimmed to 
shape with a razor. After placing the filtering tube and crucible 
in position, they are easily and safely adjusted for filtration by 
raising or lowering J and sliding B on A. No lubricant is used on 
any of the ground surfaces except that of the cap H and, if care 
be taken that none is allowed to soil the interior of the enlarged 
end of the tube J, the crucible K may be readily introduced or 
removed without fear of contamination. By means of this appar¬ 
atus, distilled water and pure concentrated nitric acid may be 
passed repeatedly from the crucible through the filtering tube 
without changes in weight greater than 0*0001 mg. Such con¬ 
stancy is not possible, however, if crucible and tube are made of 
glass, owing to the solubility and hygroscopic character of this 
substance. For these reasons also, it is advisable to prevent 
contamination of the filtrate where this is undesirable, by making 
the ground cap H and its arm from vitreous silica. 

Evaporator and Electric Oven .—An evaporator is necessary in 
which liquids may be evaporated, or kept hot in order to coagulate 
precipitates, *Vith complete protection from dust. A simple and 
efficient form is shown in Fig. 2; the wide glass tube, A, is 3*5 cm. 
in diameter and 18 cm. long and is closed above by a loosely fitting 
cap, B, carrying a vertical glass rod with a hook from which the 
crucible, C, hangs. The lower portion is immersed in a glycerol 
bath, E, regulated in temperature by hand, and a stream of pure 



844 HABTTOG : STUDIES WITH THE MICBOBALAHCE. PART HI. 

dry filtered air is passed continuously through the tube D. In 
this way, exclusion of dust is assured and, if the glycerol be kept at 
130—150°, aqueous solutions may be rapidly evaporated in a few 
minutes without loss by boiling or spraying. A small electric 
oven is used for ignitions up to a dull red heat; it consists of a 
vertical silica tube sealed at the lower end and surrounded with 
the usual heating coils and packing. The lid is a silica watch-glass, 
to the convex lower side of which is sealed a silica hook for sus¬ 
pending the objects to be heated. This cover is provided with a 
small silica ha ndle and the upper part of the oven is covered with 
an inverted glass basin as a protection from dust. 

j Reagents .—Special purification of all reagents was found to be 
necessary, particularly as regards freedom from dust. Water was 
twice distilled in a silica apparatus in the usual way and preserved 
in a capped silica flask. The residue on evaporation corresponded 
to 1 mg. per litre, which included any dust contamination during 
the operation and was insignificant as a source of error. Acids, 
ammonia, and other liquids were distilled immediately before use 
by heating them in conical flasks and exposing to the vapours the 
outside of a clean silica test-tube full of water. Tbe condensed 
drops were removed by an ignited silica pipette, fashioned like a 
medicine dropper, and either added at once to the crucible, or 
diluted to the required degree with water in small, covered silica 
tubes. Solid reagents were obtained by twice crystallising the 
best commercial analytical reagents in silica vessels, special care 
being taken to avoid contamination with fibres and dust. 

The general technique for carrying out an analysis is as follows : 
The crucible and tube are cleaned by boiling concentrated nitric 
acid, washed repeatedly with water, dried over a small alcohol 
flame, and weighed together. During these operations, the crucible 
is handled on the end of a silica rod and, when clean, hangs from 
a silica hook mounted on a cork and protected from dust by a 
glass cover. After weighing, the filtering tube is removed from 
the crucible by forceps, the sample introduced, the tube replaced 
in its support so that tbe lower end does not come in contact with 
the sample, and the whole reweighed. The filtering tube is then 
put in place in the filtering apparatus, and the material in the 
crucible is dissolved by introduction of one or two drops of the 
appropriate solvent by a silica pipette, followed by heating, if 
necessary, in the evaporator. It has been found that even if 
effervescence takes place during solution, e.g., calc-spar in acid, no 
loss by spraying occurs owing to the depth of the crucible and the 
very small amount of gas evolved. The precipitating agent is 
then added and the crucible is heated in the evaporator until 
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clotting of the precipitate, or sufficient increase in grain size, has 
taken place. The crucible is then cooled in the filtering chamber, 
the liquid removed by the filtering tube, and the precipitate washed. 
The only satisfactory criterion of complete washing is the con¬ 
stancy in weight of the residue, but three or four applications of a 
few drops of the washing liquid are usually ample, since the filtering 
tube removes the liquid completely. Should the tube become 
choked, making filtration very slow, it may be freed by detaching 
the vertical tube, J (Tig, 1), from the exhaust pump and blowing 
into it for a few moments. When washing is finished, the filtering 
tube is detached from the rubber and placed in its support in the 
crucible, after its upper end has been rinsed with a drop or two of 
water. The whole is then dried in the evaporator, ignited, if 
necessary, and finally weighed. Analogous methods may also be 
applied to the filtrate in the crucible K (Tig. 1), should further 
analysis of this be desired. 

In order to test the general accuracy attainable with this appar¬ 
atus, certain standard analyses were performed after the various 
inherent sources of error in each case had been discovered and 
guarded against. The results are summarised in Table I, in which 


Table I. 

Estimation of 'positive radicals in pure salts. 


Expt. 

1 

2 

3 * 

4 

5 

6 
7 
8* 
9 

10 

11 

12 

13 

14 

15 

16 





Weight 

%of 


Pure salt 

Salt. 

Weight 

Estimated 

of ppt. 

positive 

in mg. 

as 

in mg. 

radical. 

requires 

AgN0 3 

0-6833 

AgCl 

0*5763 

63*47] 



99 

0-3994 

99 

0-3355 

63*22 

-■ 

63*50 

99 

0*1877 

99 

0*1548 

62*1 J 



KCl 

0-8895 

KC10 4 

1*6455 

52*20] 




0-7829 

99 

1*4529 

52*37 

- 

52-44 

** 

0-0965 

99 

0*1808 

52*9 J 



Pb(jro 8 ) s 

0*9024 

PbS0 4 

0-8242 

62*38] 



99 

0*8245 

99 

0-7498 

62*11 

- 

62*55 

99 

0-1649 

99 

0*1503 

62*25j 



BaC! t 

99 

0*9288 

0*2856 

BaS0 4 

CaCoO* 

1-0309 

0-3173 

65*33] 
65*40J 

1- 

65-94 

Ca00 3 

0*4469 

0-5767 

40*38] 

i 


99 

0*3510 

0-4471 

39-86 



99 

0-1482 

CaCO s 

0*1474 

39*8 ' 

L 

40*04 

99 

0-0878 

CaS0 4 

0*1209 

40*5 j 



99 

0*0844 

99 

0*1161 

40*5 J 

I. 



* Known source of error. 


all weights are given in milligrams; they have not been specially 
selected and are therefore typical of the methods described. Care¬ 
fully purified and tested salts were used, and the positive radicals 
were estimated in each case. Inspection of the figures shows that 
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the analyses are reasonably accurate even for quantities of material 
as small as 0*1 mg., where the errors in the examples tried have 
not exceeded 1%, and for larger amounts the errors are usually 
much less proportionately. 

There are several sources of error which, though easily controlled 
in or din ary routine, are apt to assume serious proportions in micro- 
analytical wort of this kind. The most variable of these is due to 
acc umula tion of dust, particularly when the crucible and tube are 
wet; however, a number of trials has shown that, by reducing to a 
minimum the time during which the apparatus and reagents are 
freely exposed, by avoiding agitation of liquid reagents, and by 
washing down the outside of the pipette with a few drops of water 
immediately before introducing any liquid into the crucible, errors 
due to dust are insignificant except when dealing with less than 
0*1 mg. of material. Mechanical loss of precipitate is another 
source of error which has caused some trouble, especially when 
dealing with very finely-divided precipitates w r hich cannot be made 
coarse-grained by the usual analytical methods. For example, 
it is practically impossible to precipitate at boiling temperature 
without loss in a small crucible with 2 or 3 drops of solution, and 
the only remedy is fairly prolonged heating after precipitation 
until the solid settles readily. Further, when washing such a 
precipitate as calcium oxalate, it is essential to allow the drops 
of was hing liquid to fall into the crucible without forming a bridge 
between this and the point of the pipette, otherwise some of the 
solid will spread on the latter and be lost. Errors due to adsorption 
are also diffi cult to control and are generally much more serious 
than in ordinary analytical work, for a fraction of a drop may 
mean a large excess of reagent. For example, calcium oxalate 
precipitated with a considerable excess of ammonium oxalate may 
con tain as much as 10% of its weight of the ammonium salt, which 
cannot be removed by washing; in this case, careful ignition of the 
precipitate to the carbonate at 400° removes the difficulty com¬ 
pletely, but the general remedy is to use dilute solutions of reagents 
of known concentration. When adsorption cannot be prevented, 
it is sometimes possible to wash out the adsorbed material after 
ignition of the precipitate, as with barium chloride on barium 
sulphate (Pregl, “ Organisehe Mikroanalyse,” 1923, p. 147), or to 
estimate it by some means, as with silver nitrate or silver iodide 
by evaporation with a drop of dilute hydrochloric acid. The most 
serious of all sources of error is, however, the solubility of the pre¬ 
cipitate, especially in the washing liquid. The reason is that the 
amount of liquid necessary is out of all proportion to the amount 
of precipitate, because it is mainly used in washing the interior of 
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the crucible. It is rarely possible to employ less than 0-5 c.c., 
which, for 0*5 mg. of precipitate, corresponds to 1 litre per g. and 
involves a possible error of 1%, if the solubility of the precipitate 
is 10 mg. per litre. In Table I, Experiment 3 shows the effect of 
using too great an excess of hydrochloric acid in precipitating silver 
chloride, owing to increased solubility of the salt. Expt. 8 shows 
the effect of washing with dilute sulphuric acid, in which lead 
sulphate has the minimum solubility of 5 mg. per litre, instead of 
diminishing the solubility still further by addition of alcohol, as in 
Expts. 7 and 9. Some error due to solubility is inevitable, but it 
may be diminished by careful regulation of the conditions of pre¬ 
cipitation, proper choice of the washing liquid, and strict economy 
in its use. It is, of course, possible to employ a saturated solution 
of the precipitate itself for washing, but great care is necessary to 
avoid introduction of solid particles. This procedure has not been 
adopted in obtaining the results given in Table I, nor have cor¬ 
rections for any possible sources of error been applied. 

The technique described may easily be extended to a large 
number of micro-analytical problems, provided that these are 
not too complex. There is, of course, no point in using the micro¬ 
balance for analysis when sufficient material for the usual laboratory 
procedure is available, although in some cases, the instrument offers 
a more accurate and much more expeditious method. For example, 
the composition of a mixture of sodium and potassium chlorides 
may be determined rapidly and accurately by evaporating less than 
0*5 mg. with a single drop of nitric acid and weighing the mixed 
nitrates in the residue. Apart, however, from the fact that the 
chance of accidental error is always greater when dealing with 
very small quantities, the application of the Steele-Grant micro¬ 
balance to analytical problems has certain limitations. Volatile 
liquids cannot be weighed without much trouble, although, when 
the composition of a liquid is in question, it may be measured with 
a small pipette. The simplest way to calibrate a pipette for use 
with the microbalance is to make up an aqueous solution of some 
stable anhydrous salt (e.g. 9 potassium chloride) of known con¬ 
centration in the usual manner; a pipette-full of this solution is 
then evaporated to dryness and the residue weighed on the micro- 
balance. Volatile solids and hydrated salts cannot usually be 
weighed without special contrivances, and also correct sampling of 
small amounts of heterogeneous material is extremely diffi cult. 
Further, some gelatinous precipitates are awkward to manipulate 
with the filtering tube owing to the tendency to become impacted 
in the end of it. Nevertheless, in spite of these limitations, the 
apparatus and micro-analytical methods here described have a 
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considerable range of application with accuracy, and it is hoped 
that they may be of use to other investigators who find it necessary 
to work with very small amounts of material. 

University of Melbourne* [Received, "February 15 th, 1926.] 


CXVIL —The Ternary System Sodium Thiosulphate- 
Sodium Sulphate-Water. 

By Richard Randolph Garean. 

The system sodium thiosulphate-sodium sulphate-water has been 
examined at 0*8°, 18°, 25° and 40°, the temperature being main¬ 
tained constant to within 0*02° in the last three cases and to within 
0*1° in the first. The transition between deeahydrated and 
anhydrous sodium sulphate in presence of sodium thiosulphate 
has also been studied. 

Mixtures, prepared as indicated in the descriptions of the various 
isotherms, were rotated in stoppered glass tubes in a thermostat 
for periods varying from 3 to 24 hours; then, after allowing the 
solid to settle, a definite volume of solution was drawn off by means 
of a pipette fitted with a cotton-wool filter and weighed in a tared 
bottle; the solid was rapidly drained on a Buchner f unne l and a 
portion of it weighed. The solution was diluted and the solid 
dissolved to known volumes in each case and aliquot parts of these 
were taken for analysis. The values of the densities of the solutions 
are probably not accurate beyond two or three units in the third 
decimal place. 

Thiosulphate was determined by adding a known small excess 
of standard iodine solution and titrating this excess with a solution 
of sodium thiosulphate the normality of which was obtained from 
a hydrochloric acid solution (standardised against calc-spar) by 
means of a mixture of potassium iodide and iodate. 

For the determination of the sulphate, the following methods 
were decided upon after many trials : 

(i) The solution was evaporated to dryness with excess of sulphuric 
acid, and the residue heated to convert it completely into sulphate 
and to drive off the excess of acid and the sulphur which was 
formed. From the total weight of sulphate present and the known 
amount of thiosulphate, the amount of sulphate originally present 
was readily calculated. 

(ii) The solution of thiosulphate was oxidised, by heating with 
bromine water in the presence of a little alkali, in accordance with 
the following equation (Mayr and Peyfuss, Z. anorg. Chem 1923, 
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127, 123; 1924, 131, 203): Na 2 S 2 0 3 + 4Br 2 + 5H 2 0 = Na 2 S0 4 
+ H 2 S0 4 + 8HBr. After tiie excess of bromine had been expelled, 
the sulphate was precipitated as barium sulphate and the amount 
of sodium sulphate originally present calculated as above. 

(iii) When thiosulphate was present in large excess, method (ii) 
was found to be untrustworthy. The sulphate present was then 
precipitated as barium sulphate in cold neutral solution (barium 
thiosulphate is soluble under these conditions), allowed to settle for 
24 hours, and washed three times by decantation, being allowed to 
settle during 18 to 24 hours each time. The precipitate was then 
boiled with dilute hydrochloric acid to make it coarser, filtered off, 
and weighed. This method was found to be trustworthy, but the 
time required was considerable. 

The isotherms at 0*8° and 25° are based entirely on analyses by 
the first method: that at 18° almost entirely, and that at 40° 
partly, on the second and third methods. Compositions are 
expressed as percentages of components by weight, and mixed 
crystals are indicated in the tables by M.C. followed by the formula 
of the major constituent. 

Discussion of Results . 

The results obtained at 0-8° and 18° are shown in Tables I and 
II and are plotted in the usual triangular diagram in Fig. 1. Only 
the solution curves at 0-8° are shown, as the two systems are of 
similar general form. Suitable mixtures were prepared from water, 
pure (A.R.) crystals of sodium thiosulphate pentahydrate and pure 
commercial (BJD.H.) crystals of sodium sulphate decahydrate, and 
heated to homogeneity in stoppered tubes which were then rotated 
in a thermostat for several hours (generally over-night) after the 
solid had settled out. In a few cases, in solutions containing a 
preponderance of thiosulphate, it was necessary to seed the mixture 
in order to induce crystallisation. 

In Fig. 1 the curve ab denotes solutions in equilibrium with solids 
along the line a'b f , which is so short that it gives only very slight 
evidence of mixed-crystal formation between hra^S 2 0 3 ,5H 2 0 and 
(possibly) Na 2 S0 4 ,5H 2 0. The curve be denotes solutions in 
equilibrium with solids along the line b"c\ and here there is definite 
evidence of mi xed-crystal formation between dec ahy drates. The 
extent of this at 0*8° and 18° is approximately the same. 

The two-phase dried solids along the line b r b ,f , which are in 
equilibrium with the solution at the condensed triple point b, were 
obtained by prolonged drying of the moist solid on blotting paper 
in a desiccator over the solution b at the temperature of the isotherm. 
Washing with alcohol resulted in partial dehydration of the crystals. 
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Table I. 
Isotherm at 0-8°. 


Solutions. Wet solids. 



% 

% 

% 

%' 


Density. 

Na 2 S0 4 . 


Na 2 S0 4 . 

NajSjjOjj. 

Solid phases. 

3-040 

4-60 

0*00 

— 

— 

NajS0 4 ,10H 4 0. 

1-065 

3*13 

4*48 

36*30 

1*08 

1*105 

2*31 

9*63 

35*48 

2*25 


3*159 

1*88 

16*03 

31*91 

4*95 


1-190 

1*247 

1*87 

1*56 

19*62 

25*63 

34*68 

32*14 

5*41 

S*38 

► M.C. Na s SO 4 ,10H s O. 

— 

1*34 

30*07 

30'10 

10*39 


3*312 

1*27 

32*26 

32*84 

9*28 


1-324 

1*58 

33*91 

29*10 

12-47 

* 

— 

_ 

— 

32*80 

14-86 \ 


1*314 

1*22 

32*72 

15*49 

36*80 

M.C. NasjSO^lOHjX) 

_ 

_ 

_ 

15*83 

39*67 

- and 

— 

— 

— 

12*82 

44*51 

M.C. Na 2 S 2 0 3 ,5H a 0. 

3*317 

1*15 

32*77 

9*10 

45*07 

1*317 

1*44 

32-72 

'0*56 

61*12 

M.C. Na 2 S,0 3 ,5H 3 0. 

1*315 

— 

33*57 

— 

— 

NajSASHA 



* 

Metastable. 





Table II. 





Isotherm at 18°. 



Solutions 


Wet solids* 


r 






% 

% 

% 

% 


Density. 

Na 2 S0 4 . 

Na 2 S 2 0 3 . 

Na 2 S0 4 . 

NaaSA- 

, Solid phases. 

1*130 

34*11 

— 

— 

— 

Ka 2 SO 4 ,10H 3 O. 

1*150 

12*31 

4*01 

39*21 

0*75 > 

1*180 

10*71 

9*36 

40*14 

1*21 


1*194 

9*83 

11*34 

37*22 

2*75 


1*225 

8*45 

15*86 

38*75 

2*52 


1*248 

7*65 

19*16 

35*84 

4*75 


1*276 

1*301 

7*14 

6*01 

22*46 

25*53 

38*64 

33*34 

3*60 

7*45 

► M.C. Na 2 SO 4) 10H 2 O 

1*314 

5*97 

27*00 

37*59 

5*11 


1*338 

6*04 

29*57 

29*66 

11*65 


1*356 

6*32 

32*31 

33-92 

9*18 


1*374 

5*94 

33*66 

33*20 

10*14 


1*390 

6*14 

35*07 

34*12 

9*63 j 


1*399 

6*26 

35*42 

33*40 

22*64 

14*30 1 
30*40 

1 M.C. ]STa 2 SO 4 ,10H a O 

■ — 

— 

— 

19*40 

13*99 

35*46 
43*59 - 

1 and 

( M.C. Na 2 S a 0 3 ,5H a O. 

1*394 

6*31 

35*46 

1*02 

60*02 ' 


3*395 

4*87 

36*61 

0*79 

60*73 

l M.C. Na*S a O*,5H a O. 

1*384 

1*65 

39*12 

0*65 

58*54 

1*378 

— 

40*36 

— 

— 



The positions of these solids in the diagram along the line Joining 
the end members, b' and b‘\ of the two series of mixed crystals 
provide strong evidence for the existence of the two series. 
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The isotherm at 40° (see Table III and Fig. 2) also consists of 
two curves, ad denoting solutions in equilibrium with solids along 
the line afd', and df solutions in equilibrium with solids along the 
line d"f. Again the larger range is that of mixed crystals at the 
sulphate end, but at this temperature between anhydrous salts, 
whilst that showing mixed-crystal formation between Na 2 S 2 0 3 ,5H 2 0 


Fig. 1. 



Isotherms at 0*8° and 18°. 


and (presumably) M'a 2 S0 4J 5H 2 0, although more extensive than at 
lower temperatures, is still very small. The dried solids along 
the line d/d” were obtained by washing the moist solid with warm 
methylated spirit and drying carefully between folded blotting 
paper. It was found veiy difficult in this case to remove all 
moisture from the solid owing to the finely-divided nature of the 
anhydrous sodium sulphate which was formed. The complexes 
in this isotherm were prepared by evaporation, under diminished 

ff2 
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Table III. 


Isotherm at 40°. 



Solutions. 


Wet solids. 


% 

% ' 

% 


Density. 

N%S0 4 . 

Na 2 SjO a . 

Na s S0 4 . 

Na 2 S s O a . 

— 

32-37 

— 

— 

— 

— 

29-36 

3-79 

95-25 

0-37 

1-326 

24-79 

9*06 

96-23 

0-84 

1-334 

18-68 

16*73 

90-67 

1-84 

— 

14-76 

22-95 

90-50 

2-87 

1-367 

11-14 

28-06 

87-65 

3-98 

— 

10-40 

30-44 

90-85 

3*29 . 

1-383 

8-13 

34*35 

91-85 

3-93 

— 

6-90 

39-74 

86-98 

6-80 

1-444 

4-28 

43-06 

81-30 

8-81 

1*484 

2-46 

48-78 

85-56 

8-29 

_ 

1-79 

51*04 

51-47 

27-10 

_ 

2-03 

52-10 

76-77 

16*38 

_ 

_ 

_ 

95-33 

2-87 

1-496 

2-27 

49-38 

65-72 

23-80 

1-496 

2-08 

49*72 

41-80 

37-03 - 

1-494 

2-24 

49-73 

23-68 

48-26 

_ 

2-09 

49-97 

13-82 

54-14 

— 

3*61 

49-60 

4-06 

60-68 

1*493 

2-14 

49-88 

1-51 

62-00 

— 

2-46 

49-98 

0-28 

63-41 - 

— 

1-68 

50-15 

0-00 

63-26 

1-492 

0-67 

50-49 

0-00 

64-58 

1*488 


51-23 

♦ 

Metastable. 



Solid phases. 
Na 2 S0 4 . 


M.C. Na 2 SO*. 


* 

* 

M.C. NajSO* and 
M.C. Na 2 S*0 3 ,5H*0. 

* 

M.C. Na 3 S 2 0 3> 5H 2 0. 
Na 3 S 2 0 3 ,5H 2 0. 


EiQ. 2. 
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pressure, of solutions unsaturated at 40°, using the method employed 
by Rivett and Lewis (J., 1924, 125, 1163). 

The transition point between decahydrated and anhydrous 
sodium sulphate will be depressed by the addition of sodium thio¬ 
sulphate to the solution. With an appropriate mix ture in a 
Dewar flask fitted with thermometer and stirrer, temperature-time 
curves on heating and cooling were obtained. The mixture was 
heated at 70° for an hour to hasten the formation of mixed crystals 
and then cooled to 15°, being well inoculated with crystals of 
Na 2 S 2 0 3 ,5H 2 0 and Na 2 S0 4 ,10H 2 0. On slow re-heating, this gave 


Fig. 3. 



H*0 10 30 IOHjO 50 5H fi O 70 90 Na a S0 4 

Isotherm at 25°. 


a well-defined arrest at 20-30° and on cooling at 19-80°. These 
temperatures were accurately reproducible, both with the same and 
with fresh mixtures. The cooling curve was of the usual form, 
showing undercooling followed by a rise in temperature to the arrest 
point on seeding. Samples of the solutions in equilibrium with the 
three solid phases at the arrest points, both on heating and on 
cooling, were drawn off and analysed, the mean composition being 
7-95% of sodium sulphate and 35*0% of thiosulphate. The differ¬ 
ence between the two temperatures is probably accounted for by 
the slow rate of diffusion in the solid phases, the mixed crystals 
forming above and below the quadruple point being of slightly 
different compositions. The true transition point should lie between 
these two temperatures, at about 20*05°. 
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Table IV. 
Isotherm at 25°. 



Solutions. 


Wet solids. 


Density. 

% 

Na a S0 4 . 

% ^ 
x a? s 2 0 s . 

' % 


< Solid phases. 

1-204 

23-60 

— 

— 

— 

Na^CVOHaO. 

1*215 

19-74 

3-48 

43-43 

0-34 > 

1-236 

18-44 

7-30 

40*30 

106 


1-253 

17-12 

10*14 

39-79 

1*56 


1-271 

16-13 

13-22 

39-88 

2-23 

> M.C. Ka a SO 4 ,10H a O. 

1-288 

14-86 

16-16 

37-80 

3-50 

1-311 

33-97 

19-35 

40-07 

2-94 i 


— 

13-62 

22-02 

36-85 

5-51 ! 


1-350 

12-97 

24-96 

— 

_ j 


_ 

_ 

_ 

47-50 

4-44 1 

i M.C. Na a SO 4 ,10H 2 O, 

— 


_ 

66-38 

3-60 

— 

12-72 

26-86 

56-17 

8-65 

> and 

— 

12-72 

26-65 

67-08 

7-77 

1 M.C. Ma a S0 4 . 

— 

13*27 

26-12 

92-50 

3-53 I 

♦ 

1-379 

12-15 

28-00 

91-15 

4-70 


— 

10-28 

30-31 

84-66 

5-52 


1-401 

7-73 

34*72 

65-45 

12-94 

- M.C. Na a S0 4 . 

— . 

6-06 

38-07 

75-62 

10-08 

— 

4*53 

41-86 

— 

- 

* 

1-453 

4-87 

43-32 

_ 

— J 

* 

— 

5-59 

3S-83 

65-72 

17-16 1 


— 

5-66 

38-67 

51-92 

29-11 

M.C. Ha E S0 4 and 

1-426 

5-64 

38-97 

36-12 

38-99 

1*420 

5-42 

38-85 

21-86 

48-30 

' M.C. Ha 2 S 2 0 3 ,5H a 0. 

— 

5-20 

38-96 

3-36 

60-33 


1-418 

4-69 

39-45 

0-92 

61-97 I 


1-412 

3-13 

40-92 

0-00 

63-46 1 

> M.C. K aa S 2 0 3 ,5H t O. 

1-411 

2*01 

41-53 

0-51 

61*14 ] 

1-410 

0-23 

43*52 

0-22 

62-32 j 




43-50 

* 

(from tables) 
Metastable. 

KajS^.SHsO. 


The isotherm at 25° should then show three curves, since three 
solid phases may exist at this temperature. The results obtained 
are in Table IV and are plotted in Fig. 3. The isotherm consists 
of three curves: ad denoting solutions in equilibrium with mixed 
crystals along the small range a'd' (mainly Na 2 S 2 0 3 ,5H 2 0) J de 
denoting those in equilibrium with mixed crystals along the line 
d tf e n {mainly anhydrous NagSO^), and e/, where the equilibrium is 
with mixed crystals along e’f (mainly Na^O^lOHaO). The solids 
along e"e' were dried on blotting paper and those along d'd" were 
washed with spirit. 

The existence of mixed crystals of decahydrates of the two salts 
and of a very small range of pentahydrates is clearly shown. The 
evidence obtained here for the series of mixed crystals of anhydrous 
salts is not definite, but the work at 40° points to the existence of 
an analogous series at 25°. The solutions in this isotherm were 
prepared by dissolving the salt constituent which should mainly 
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constitute the solid phase in the total amount of water required, 
then adding the other salt, and rotating the tube in the bath. 

The sodium sulphate solution curve has been extended into the 
metastable region at 0*8°, 25° and 40°, and in each case it shows a 
decided increase in curvature. If the metastable solution curve 
in a system where mixed crystals are formed could be fully realised, 
it should form a closed loop, and this is indicated by the shapes of 
the curves in the metastable region. 

Summary. 

1. The system sodium thiosulphate-sulphate-water has been 
examined at 0-8°, 18°, 25°, and 40°. 

2. The existence has been demonstrated of a very short series of 
mixed crystals of pentahydrates at all four temperatures; of a 
series of deeahydrates at 0*8°, 18°, and 25°; and of a series of 
anhydrous salts at 25° and 40°. 

3. The quadruple point at which four phases co-exist, three being 
mixed crystals and one a solution, is at a temperature very close 
to 20°. 

The author is indebted to Professor A. C. D. Eivett for suggesting 
this work and for advice during its progress. 

TTnivebsity or Melbotj&ne. [Received, February 9th, 1926.] 


CXVIIL —The Ternary System Sodium Sulphide- 
Sodium Sulphate-Water . 

By Arthur Robert Hogg. 

The fact that anhydrous sodium sulphite and sulphate, and their 
corresponding hydrates, crystallise together within limits (Rivett 
and Lewis, Bee . trav. chim 1923, 42, 954; J., 1924, 125, 1156, 
1162) suggested an inquiry into the relations between sodium sulphide 
and sodium sulphate. This has been carried out at each of the five 
temperatures 0-1°, 18°, 25°, 31° and 40°, the complete ternary system 
being described in each case. 

For the most part the salts used have been of analytical reagent 
(B.D.H.) standard. Mixtures of these and water in varying amounts 
have been brought to equilibrium in rubber-stoppered glass tubes, 
the proportions taken being such that about 6% of the total was 
present as solid when equilibrium was attained. Three methods of 
attaining equilibrium were employed; (i) cooling homogeneous 
solutions from higher temperatures, inoculating, if necessary, with 
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the appropriate solid phase (systems at 0*1° and 18°): (ii) heating 
heterogeneous mixtures from lower temperatures (systems at 25° 
and 31°): (in) evaporating homogeneous solutions under reduced 
pressure at the temperature of experiment until sufficient solid 
appeared (system at 40°). When all phases were present, the tubes 
were mechanically rotated in a thermostat for from 4 to 40 hours. 

The second method is satisfactory in giving the course only of the 
solution curves : it will not give aceuratfce information as to composi¬ 
tions of solid phases, but it sufficed in the cases where it was used. 
The third method was carried out in tubes fitted with vertical side 
limbs and connected in batches of six with a small cooled receiver 
exhausted to about 40 mm. pressure. The tubes were clamped 
horizontally to a tilting platform in the bath and were gently rocked 
during the evaporation, which generally occupied about 3 hours. 
In order to avoid possible loss of hydrogen sulphide, the mix tures 
were kept in connexion with the pump for as short a time as possible, 
the vacuum being maintained by condensation. The distillate from 
six tubes was collected and tested for sulphide. The amount found, 
part of which was due to priming, was insufficient to affect the 
analyses appreciably. When sufficient solid had separated, the 
vacuum was broken and the rocki n g continued for from 2 to 12 
hours. 

On attainment of equilibrium, a sample of the solution was with¬ 
drawn in a pipette (suitably heated or cooled) through a cotton¬ 
wool plug, and weighed. Densities so obtained are correct to one 
or two units in the third decimal place. Dilution to an appropriate 
extent gave the solution which was analysed. The moist solid was 
obtained by rapid filtration on a Buchner funnel and a weighed 
amount was dissolved to a known volume. In some cases, the wet 
solid was washed with alcohol and dried between folds of blotting 
paper. In analysis, sulphide was determined by titration against 
standard acid, with phenolphthalein as indicator, and sulphate was 
determined gravimetrically as barium sulphate. 

Discussion of Results. 

The experimental results are given in Tables I to VI. Composi¬ 
tions are expressed in % of anhydrous salt by weight. In the last 
column, mixed crystals are indicated by M.C. followed by the formula 
of the major constituent. 

The first point to be noted is that at 0° sodium sulphide has been 
obtained as a deeahydrate, a form apparently not hitherto described. 
Analysis of the solid, after washing with alcohol and drying with 
blotting paper, gave Ka^S, 30-04% : Na^lGHgO requires 30*23 and 
NagS,9H g O requires 32*49%. In the ternary system at 0*1° the 
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Table I. 
Isotherm at 0*1°. 



Solutions. 


Wet solids. 


% by weight. 

^ % by weight. 


Na 2 S. 

Na 2 S0 4 . 

Na 2 S. 

Na 2 S0 4< 

1-122 

11-33 

_ 

30-0 

— 

1125 

11-34 

0-63 

23*4 

0-12 

— 

11-22 

0*93 

23-1 

0-43 

1-137 

11-94 

1-16 

— 

— 

1-131 

11-21 

1-23 

29-6 

0-96 

1-130 

11*14 

1-25 

25-1 

7-30 

1-131 

11*23 

1*19 

21-1 

13*54 

1*129 

11-16 

1-16 

18*49 

16-53 

1-129 

11*18 

1*23 

18-34 

16-53 

1-132 

11-23 

1-18 

14-49 

21-0 

1-129 

11-11 

1-19 

0-47 

43-2 

1-124 

10-77 

1-24 

5-56 

23-6 

1-110 

9-49 

1*27 

4-49 

24-2 

1-099 

8-32 

1-28 

2-59 

33-5 

1-091 

7-36 

1-48 

3-60 

23-6 

1-081 

6-16 

1-54 

2-48 

28-9 

1-066 

4*79 

1-68 

1*64 

30-6 

1-052 

3*16 

2-11 

1-49 

27-5 

1-041 

1-44 

2-99 

0-45 

32-5 


1 

J 


Solid phases. 


M.C. 

Na a S,10H 2 0. 


M.C. 

JSTa 2 S,10H 2 O 

and 

M.C. 

Na 2 SO 4 ,10H 2 O. 


M.C. 

Na 2 SO 4 ,10H 2 O. 



solution curve for this decahydrate is short (see Fig. 1), but there is 
definite indication of the separation of mixed crystals containing a 
very little Na 2 S0 4 ,10H 2 0. 

At the sodium sulphate end the mixed-crystal formation is greater, 
the limiting member of the series containing 42% of sulphate and 
1-5% of sulphide. -The points in Fig. 1 marked by crosses within 

EE* 
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circles represent mixtures of two solid phases in equilibrium with 
the solution at the intersection of the two solution curves. The 
solids were obtained almost free from mother-liquor by washing 
with alcohol and (hying with blotting paper. It will be seen that 
they all lie very near to the line joining the end corresponding to 
mixed crystals of (mainly) Na^SO^lOH^O containing sulphide and 
the point representing the composition Na^lOHgO. This gives 
independent proof of the existence of a decahydrate of the sulphide. 

Between it and the nonahydrate in the binary system the transi¬ 
tion point has been shown by the cooling method to be 4*7°, the 
saturated solution then containing 12*46% of sodium sulphide and 
having a density of 1*128. 


Table II. 
Isotherm at 18°. 



Solutions. 

_A__ 


Wet solids. 

' 

% by weight/ 

^ % by weight. 

V? 

Na 2 S. 

Na 2 S0 4 . 

NagS. 

Na 2 S0 4 . 

1-169 

15*95 

— 

—. 

— 

— 

15*65 

0*53 

30*40 

0*32 

— 

15*33 

2*28 

29*27 

0*63 

1*187 

15*08 

3*47 

28*15 

Ml 

1*197 

14*50 

5*20 

25*96 

2*13 

1-212 

14*02 

5*83 

31*56 

0*74 

— 

13*98 

6*44 

30*10 

1*66 

— 

— 

— 

25*56 

7*61 

1*212 

13*90 

7*21 

22*23 

11*91 

— 

— 

— 

19*31 

17*54 

1*210 

13*95 

7*24 

18*38 

18*91 

— 

— 

— 

16*93 

19*49 

1*205 

13*84 

7*22 

5*12 

33*99 

1*210 

13*98 

7*23 

2*56 

40*28 

— 

13*78 

7*16 

0*65 

42*91 

1*225 

13*15 

9*75 

31*50} 

1*75 

1-208 

13*08 

7*01 

4*12 

32*11 

1*195 

12*46 

7*00 

2*93 

35*21 

1-186 

12*14 

6*93 

3*62 

32*98 

1-180 

11*16 

6*79 

— . 

— 

1*175 

10*91 

6*96 

2*08 

37*68 

1*169 

10*33 

7*19 

2-35 

35*61 

1*167 

10*04 

7*17 

3*13 

32*89 

1-165 

9-96 

7*09 

1*04 

40*70 

1*162 

9*47 

7*15 

2*20 

35*82 

1*149 

7*99 

7*64 

1*82 

35*84 

1*143 

6*82 

8*09 

1*88 

33*39 

1*132 

5*33 

9*05 

1*32 

34*65 

1*130 

4*54 

9-30 

0*93 

36*79 

1*131 

2*84 

10*67 

0*54 

37*27 

1*126 

1*51 

11*91 

0*37 

36*05 

1*126 

0*62 

13*31 

0*15 

36*17 


Solid phases. 
Na 2 S,9H 2 0. 


M.C. 

3STa a S,9H 2 0. 


M.C. 

Na 2 S,9H 2 0 

and 

Na 2 SO 4 ,10H 2 O. 


Na 2 SO 4 ,10H 2 O. 


At 18° (Table II) the solid separating at the>sulphide end is the 
ordinary nonahydrate containing some dissolved sulphate (see 
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•^£>* %)• Whether the latter is there with water in the same mole¬ 
cular proportion of 1:9 cannot be stated. At the sulphate end, 
however, there is no indication of any appreciable solubility of 
sodium sulphide in Na 2 SO 45 10H 2 O. It would seem that Na 2 S,10H 2 O 
cannot exist in mixed crystals at 18°, while the nonahydrate of the 
sulphide is insoluble in the decahydrate of the sulphate. 

There is no appreciable mixed-crystal formation at 25° or 31° 
(Tables III and IV) either in the hydrated or anhydrous sulphate 



Isotherm at 18°. 

Table III. 
Isotherm at 25°. 



Solutions. 


Wet 

solids. 


K- 

% by weight. 

y ' 1 S 

% by weight. 

Solid phases. 

2STa 2 S. 

Na 2 S0 4 . 

Na 2 S. 



1-183 

17*86 

—u 

31*68 

_ 


1-202 

17*17 

3*40 

31*73 

0*27 

- Na 2 S,9H 2 0. 

1*205 

16*61 

5*01 

31*76 



1*229 

15*84 

7*18 

27*73 

13*10 \ 

Na 2 S,9H 2 0 

1*224 

15*89 

6*87 

23*43 

25*89 1 

and 

1*221 

1*228 

16*07 

14*68 

6*32 

8*06 

14:35 

2*58 

46*86 J 
79*29 "j 

NajSO.. 

1*222 

12-68 

10*80 

0*61 

93*18 | 

- NajSO*. 

1*237 

11*21 

12*56 

0*13 

96*78 j 

1*241 

10*04 

14*51 

0*99 

90*79 J 

, 

1*240 

9*96 

14*70 

0*57 

65*25 1 

NaJSO* flzxd 

1*241 

1*204 

9*96 

4*40 

14*67 

17*12 

0*44 

0*35 

48*28 j 
40*98 ) 

' NajSO < ,10H a O. 

1-203 

3*27 

1*63 

17*84 

19*71 

0-49 

0*47 

37*76 
35*80 J 

- Na 2 S0 4 ,10H a O. 


o* 2 
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Table IV. 


Isotherm at 31°. 



Solutions. 


Wet solids. 






x- 





% by weight. 

% by weight. 




Na 2 S. 

Na s S0 4 . 

Na 2 S. 

Na 2 S0 4 . 


Solid phases. 

1*202 

20*60 

_ 

31*42 

— 


- Ka 2 S,9H 2 0. 

1*210 

20*44 

1*05 

32*44 

0*05 


— 

19*57 

3*04 

29*64 

0*87 


1*213 

19*46 

4*11 

31*26 

1*77 

■* 


1*229 

19*66 

19*33 

4*41 

4*04 

30*41 

27*41 

5*47 

14*89 


Na 2 S,9H 2 0 
and Na 2 S0 4 . 

1*222 

19*69 

4*32 

20*39 

35*73 


1*228 

19*42 

4*20 

11*47 

63*46 



1*253 

22*22 

2*56 

3*01 

86*41 

> 


1*214 

18*69 

4*79 

3*57 

82*00 



— 

16*36 

6*58 

3*59 

79*98 



1*214 

14*39 

8*59 

2*19 

86*79 


, Na 2 S0 4 . 

1*219 

12*14 

11*56 

1*96 

88*01 


1*228 

9*83 

14*46 

1-27 

89*72 



— 

7*47 

18*92 

0*45 

92*39 



1*248 

6*97 

19*47 

1*37 

85*68 



1*264 

4-81 

23*06 

1*99 

68*91 



1*288 

2*85 

27*39 

0*34 

84*30 

1 

1 Na 2 S0 4 and 

1*290 

2*31 

28*65 

0*15 

64*25 

j 

1 

r Na 2 SO 4> 10H 2 O. 

1*291 

2*43 

28*72 

0*25 

42*85 


1*294 

1*47 

29*15 

0*27 

41*88 

! 

- NajSO^lOHaO, 

1*285 

0*40 

29*97 

0*05 

41*81 

1 

j 




HO 25’ fOHO H^S0 + 


Isotherms at 25° and 31°. 


solid phase. The relations are shown in Fig. 3 and need no dis¬ 
cussion. At 40°, where only anhydrous sulphate can exist, there 
is again no discernible miscibility. At all three temperatures, the 
part of the system in which solid sulphide appears is so small that 
one cannot make definite assertions about the solid phase. 

By the determination of temperature-time curves in slow cooling 
ami heating of suitably chosen m ixtures, the transition points were 
determined as set out in Table VI, together with the compositions 
of saturated solutions in equilibrium with the solids indicated in the 
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Table V. 
Isotherm at 40°. 

Solutions. Wet solids. 


. 

% by weight. 

N a 2 S. Na 2 S0 4 . 

* 

% by weight. 
Na 2 S. Na 2 S0 4 . 

Solid pha 

1*24S 

25*09 

— 

31*04 

— 1 


1*248 

25*01 

_ 

32*23 

— 1 

\ Na 2 S,9H 2 0. 

1*238 

24*06 

0*49 

32*37 

trace j 

1*238 

23*93 

0*88 

32*94 

0*05 J 

1 

1*256 

24*28 

1*62 

32*08 

1*58 


_ 

23*44 

1*77 

31*75 

2-96 

Na 2 S,9H 2 0 

1*248 

23*72 

1*90 

31*25 

5*63 

1*247 

23*79 

1*84 

30*53 

6*69 

and Na a S 

1*253 

23*62 

1*90 

27*57 

16*59 J 


1*253 

23*57 

1*84 

2*08 

91*46 


1*241 

23*25 

1*79 

1*69 

93*25 


1*223 

23*04 

1*91 

1*89 

48-98 


_ 

22*30 

1*94 

3*04 

86-67 


1*233 

21*91 

2-44 

— 

— 


1*233 

21*99 

2*45 

2*39 

87*39 


1*239 

21*27 

2*79 

4*14 

81*48 


1*228 

20*91 

3*04 

2*28 

89*18 


1*233 

20*36 

3*41 

1*76 

91*62 

) Na 2 S0 4 . 

— 

14*08 

25*22 

0*78 

95*43 

1*223 

15*45 

6*53 

— 

— 

f 

— 

14*97 

7*37 

1*90 

89*62 


1*223 

14*25 

8*72 

3*33 

75*75 


1*220 

14*31 

8*17 

— 

— 


1*236 

9*78 

14*14 

2*07 

81*18 


_ 

9*49 

15*23 

1*89 

82*58 


1*260 

6*18 

20*25 

1*83 

75*63 


— 

3*56 

24*43 

0*78 

80*90 


1*302 

1*32 

28*90 

0*18 

83*71 > 



Table VI, 
Transition points. 


Transition. Temp. 

Binary. 

Na*S,10H 2 O ^ 4*7° (h) \ 

Na£,9H,p. 4*7 (c).J 

Ternary. 

Same in satd. Na a S0 4 . 2*3 (h)\ 

2*3 (e) / 

Ternary. 

Na 2 SO 4 ,10H 2 O 20-9 (h)\ 

Na 0 S0 4 in satd. Na a S. 20*2 (c )J 

** ? 29*6 (h)\ 

— 29*0 (e) f 

(h) = arrest on heating. 


% by weight in soln. 


2sTa a S. 

Na a S0 4 . 


12*46 

— 

1*128 

11*49 

1*40 

1*135 

13*41 

9*48 

— 

19*97 

4*48 

1*331 


(c) = arrest on cooling. 


first column. Sulphate lowers the transition point between deea- 
and nona-hydrates of the sulphide from 4*7° to 2*3°, whilst the 
transition point between decahydrated and anhydrous stdphates 
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may be reduced by sulphide from 324° to 20*6°. For small con¬ 
centrations of sodium sulphide, the depression of this transition point 
has been measured and found to be directly proportional to the 
concentration of sulphide. It may be expressed by D = 0*625(7, 
where D is the depression and G the concentration of sulphide 
in g. per 100 g. of solution. 

A curious arrest at 29*6° (Table VI) has not been explained. The 
solution has a high density and the arrest may correspond with 
the formation of a metastable hydrate no trace of which was found 
in the work on the 31°-isotherm. 

Summary . 

1. The system sodium sulphide-sulphate-water has been investi¬ 
gated between 0-1° and 40°. 

2. Sodium sulphide has been found to form a decahydrate which 
has not been previously described. The transition point in the binary 
system between deca- and nona-hydrates is 4*7°. 

3. Mutual miscibility is shown by the solid decahydrates of 
sulphide and sulphate at 0*1°. 

4. At 18°, Na 2 S,9H 2 0 can dissolve sulphate (as nonahydrate ?) 
but neither Na^SO^lOB^O nor Na 2 S0 4 shows appreciable tendency 
to include sulphide in its crystals. 

5. The transition point between deca- and nona-hydrated sulphides 
is lowered in the ternary system by sulphate to 2*3°; while that 
between decahydrated and anhydrous sulphate is lowered by sulphide 
to 20*6°. 

The author’s best thanks are due to Professor A. C. D. Rivett for 
suggesting this investigation and for much helpful criticism. 

University or Melbourne. [Received, February 22nd, 1926.] 


CXIX .—The Constitution of Maltose . 

By James Colquhoun Irvine and Ian Macleod Armstrong- 

Black. 

A considerable section of the work conducted in this laboratory 
on the constitution of polysaccharides has been withheld from 
publication for some years owing to the fact that the results could 
not be readily explained. As these discordant features accumulated, 
it became increasingly evident that current views regarding the 
structure of maltose required revision and that it was necessary to 
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study the problem anew. This we have done and, as our results 
differ fundamentally from those upon which the accepted structure 
for the disaccharide is based, it is desirable to review the whole 
situation. 

The first attempt to solve the constitution of maltose by means of 
methylation was made by Purdie and Irvine (J., 1905, 87, 1022), 
who applied the silver oxide reaction directly to the free sugar. 
Although the alkylation was complicated by oxidation of the 
reducing group, the decisive result emerged that, on hydrolysis of 
the product, crystalline tetramethyl glucose was produced. This 
revealed the structure of one-half of the maltose molecule which, 
on the basis of the amylene-oxide formula for glucose,* becomes : 

CH 2 (OH)-CH-CH(OH)-CH(OH)-GH(OH)*CH—0—Eeducing glucose 
I-o-----1 residue. 

An attempt was subsequently made by Irvine and Dick (J., 1919, 
115, 593) to determine the position through which the second 
glucose residue is attached, the scheme involving the complete 
methylation of methylmaltoside and the identification of the 
scission products. In this case an experimental obstacle intervened, 
it being found that the method employed to prepare methylmaltoside 
was accompanied by degradation of the sugar so that one of the 
hydrolytic products finally obtained consisted of a methylated 
pentose. The research was, however, of some value as, once more, 
crystalline tetramethyl glucose was isolated, thereby confirming 
the earlier result of Purdie and Irvine. Subsequently, Haworth and 
Leitch (J., 1919,115, 809) applied the methyl sulphate reaction to 
maltose in two successive stages, the first being designed to convert 
the sugar into methylmaltoside, which was partly methylated in the 
second stage and thereafter fully alkylated. Hydrolysis of this 
product yielded two methylated glucoses, one of which, as was to 
be expected, was tetramethyl glucose. The object of the research 
was, however, to ascertain the structure of the reducing hexose 
residue in maltose, so that greater importance must be attached to 
the constitution of the remaining scission product, viz., trimethyl 
glucose. The sugar isolated by Haworth and Leitch was a syrup 
and was stated by them to be the liquid variety of trimethyl glucose 
in which the terminal -CH 2 *0H group is unsubstituted. As 
originally formulated, this sugar was described as 2 ; 3 : 5-trimethyl 

* The amylene-oxide formula for glucose is applied in this paper only 
tentatively and is restricted to derivatives which are known to be convertible 
into crystalline tetramethyl glucose. The results now contributed show that 
it is inadvisable to go further. 
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glucose (I), but adopting meanwhile the amvlene-oxide structure, 
it may be termed 2:3: 4-trimethyl glucose (II). 


i 

i 

M L 


CH-OH 

l-CH-OH 

CH-OMe 

CH-OMe 

CH-OMe 

0 CH-OMe 

OH 

I CH-OMe 

CH-OMe 

‘-CH 

ch 2 -oh 

ch 2 -oh 


(II.) 


^Irrespective of the oxygen-ring, the essential point is that the 
formation of such a sugar implies that the two hexose residues in 
the disaccharide are coupled through a terminal hydroxyl group. 
On this basis, Haworth and Leitch ascribed the following structure 
to maltose and applied, by analogy, a similar constitution to 
melibiose: 


I-U-1 

CH(OH)-CH(OH)*CH(OH)*CH*CH(OH)-CH 2 —o 

CH 2 (OH)-CH(OH)*CH-CH(OH}-CH(OH)-€H 

I-o-j 

(in.) 

This formula has remained in use for the past seven years, but was 
modified recently (Charlton, Haworth, and Peat, this vol., p. 89) 
by the incorporation of an amylene-oxide linkage in each glucose 
residue, giving the structure: 

r 0 1 

CH(0H}-CH(0H)-CH(0H)-CH(0H)-CH-CH 2 —0 

Residue A. 

CH 2 (OH)-CH-CH(OH)-CH(OH)-CH(OH)-CH 
i-o-1 

(TV.) Residue B. 

Evidently the constitution as given above is valid only if each half 
of the molecule gives rise to the appropriate methylated glucose. 
With regard to residue B, this was already known from the results 
of earlier workers, and the additional experimental evidence contri¬ 
buted by Haworth and Leitch consisted in the isolation and identific¬ 
ation of the trimethyl glucose derived from residue A. Considering 
the fundamental structural issues involved (which are by no means 
confined to maltose), it is of the utmost importance to know that 
the trimethyl glucose is actually what it was described to be. Our 
results, unfortunately, show that this is not the case. The trimethyl 
glucose obtained by us from maltose is the crystalline 2 : 3 : 6- 
isomeride, and not, as stated by Haworth and Leitch, the liquid 
2:3:4-variety. The erroneous conclusion to which the latter 
workers came is in no way concerned with the position of the oxygen 
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ring in glucose or with a difference in the interpretation of results, 
but is attributable to failure to identify correctly the sugar actually- 
formed. It is regrettable that correction should have been so long 
delayed, particularly as the constitutional formulae of other di¬ 
saccharides and of the polysaccharides based on glucose become 
involved in the fundamental error. 

The evidence upon which Haworth and Leitch identified and 
ascribed a structure to the trimethyl glucose they obtained from 
maltose may be discussed. The sugar failed to solidify and was. 
separated from tetramethyl glucose by distillation, a process of 
doubtful utility in any case where the presence of 2 : 3 : 4-trimethyl 
glucose might be expected.' No crystalline derivative was prepared 
and the bulk of the material was subjected to oxidation by nitric 
acid, the product thus formed being described as a trimethyl 
saccharolactone since it corresponded in composition with such a 
compound. Inquiry into the particular method of oxidation 
employed has, however, shown that it is untrustworthy. We have 
ascertained that unchanged sugar may persist along with oxidation 
products and, in addition, the removal of nitric acid by evaporation 
with alcohol results in partial esterification of the oxidation 
acids. In consequence, the analytical results obtained on wrhdis- 
tiUed products are subject to serious errors. For example, a methyl 
group may be removed by oxidation from the terminal 6-position of 
the sugar chain, but an ethyl group may enter the carboxyl position, 
thus introducing compensation into the methoxyl determinations. 
We have encountered all of the above complications and may cite 
the oxidation of monomethyl glucose by nitric acid as a conspicuous, 
but by no means unique, example of a complex reaction which leads 
to a mixture of products displaying fortuitously the properties and 
composition of a simple lactone. This accounts for our recent 
practice in isolating oxidation products in the form of volatile 
esters or of crystalline derivatives. 

Turning to other properties of the trimethyl glucose described by 
Haworth and Leitch, it may be mentioned that the specific rotations 
of the compound did not agree with those determined by previous 
workers (Irvine and Dick, loc. cit.) and failed to reveal the character¬ 
istic depression shown after distillation. Information was, in fact, 
available showing that it is impossible to identify 2:3: 4-trimethyl 
glucose by observation of the activity of distilled specimens, as 
the value of the specific rotation may vary as much as 20° to 30° 
owing to the partial transformation of the dextrorotatory sugar into 
its Isevorotatory anhydride. This irregularity was encountered so 
far back as 1903 and was again emphasised by Irvine and Oldham 
(J., 1921,119,1754). 
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Consideration of the whole situation shows that the claims of 
Haworth and Leitch regarding the trimethyl glucose they obtained 
from maltose rested upon insecure experimental evidence which 
has not been supplemented as knowledge of methylated sugars 
increased. There can be no doubt that the material they described 
as the liquid form of trimethyl glucose was an impure specimen of 
the 2:3; 6-isomeride, which failed to crystallise owing to the 
experimental treatment to which it had been subjected. In this 
connexion, Irvine and Hirst (J., 1922,121,1214) state “ the capacity 
of this sugar (2:3: 6-trimethyl glucose) to separate in the solid 
form is seriously affected by impurities and seems to be inhibited 
by thorough drying so that, on distillation, a viscous syrup is 
obtained which solidifies only after several weeks. Even gentle 
wanning above the melting point is sufficient to impair crystallis¬ 
ation. 5 5 The above statement, taken in conjunction with our 
experience of oxidations by means of nitric acid, shows that it is 
hazardous, without the most exhaustive confirmation, to claim that 
any preparation of a trimethyl glucose which fails to crystallise 
is the 2:3: 4-isomeride. 

In overturning a result upon which so many other constitutional 
formulae depend, it has been necessary to exclude sources of error 
so far as they can be foreseen and to repeat the operations several 
times and by independent workers. Reference is made in the 
experimental part to some of the precautions adopted and to 
variations in the procedure. These fall under three main heads; 

(1) confirmation of the purity and uniformity of the maltose used, 

(2) variations in the method of inethylation, (3) alternative methods 
of isolating the scission products. We employed three distinct 
samples of maltose, one of which was made in the laboratory during 
the War and was certified as conforming to bacteriological standards. 
With regard to the process of methylation, we followed in the first 
instance exactly the method described by Haworth and Leitch, 
applying the methyl sulphate reaction to the free sugar. In other 
experiments, methyl sulphate was used only until the product was 
soluble in chloroform, the methylation being completed by the 
silver oxide reaction alone. Despite these experimental variations, 
the same result was obtained, the product on isolation being a 
viscous syrup showing the properties ascribed by Haworth and 
Leitch to heptamethyl methylmaltoside. 

It may be mentioned, however, that the methoxyl and carbon 
values determined on this material were consistently low, and that 
satisfactory analytical figures were obtained only when the initial 
material consisted of crystalline methylmaltoside. The hydrolysis 
proceeded normally, the liberated sugars being separated by extrac- 
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tion of an aqueous solution with chloroform. By this means it was 
possible to effect a sharp separation of the tetramethyl and trimethyl 
glucoses without distillation or heating above the melting points of 
these compounds. In all the experiments, both sugars crystallised 
and proved to be respectively 2:3:4: 6-tetramethyl glucose and 
2:3:6-trimethyl glucose. As a precautionary measure, we 
examined all the hydrolysis products to ascertain if any 2:3:4- 
trimethyl glucose was present, but no trace of this sugar could be 
detected. 

In order to place our procedure beyond question, we have duplic¬ 
ated the entire research, using pure (3-methylmaltoside as the 
starting material. In this case also, the methylation was conducted 
in two ways, using either the silver oxide method or the methyl 
sulphate reaction throughout. Here again the same result was 
obtained, irrespective of the method employed, the hydrolysis of 
the compound giving, as before, crystalline tetramethyl glucose 
together with crystalline 2:3: 6-trimethyl glucose free from the 
liquid isomeride. Finally, for the purposes of the present investig¬ 
ation, Irvine and Oldham prepared 2:3: 4-trimethyl glucose by 
synthetical operations designed to leave the terminal CH 2 *OH group 
unsubstituted (J., 1925, 127, 2729). The product was entirely 
different from the isomeride obtained from maltose. 

Considering the precautions adopted and the results of collateral 
investigations designed to test sources of error, we are convinced 
that maltose cannot be formulated in either of the ways suggested 
by Haworth. The necessity for correction is not limited to the 
single case of maltose, but extends to all constitutional schemes in 
which the maltose structure is either directly or indirectly involved. 
For example, with the displacement of maltose from the position 
it has hitherto occupied in the structural classification of the 
disaccharides, the following constitutional relationships muBt be 
again regarded as conjectural: (1) maltose and cellobiose, (2) 
maltose and gentiobiose, (3) lactose and melibiose (Haworth and 
Leitch, loc. cit; J., 1918,113, 188; Haworth and Hirst, J., 1921, 
119,193; Haworth and Wylam, J., 1923,123, 3120). 

Further, speculations on the structure of zaomaltose and of the 
molecular unit of starch, which have naturally been founded on a 
constitutional formula for maltose, lose their significance, a con¬ 
clusion foreshadowed by results obtained in this laboratory on the 
methylation of starch and of the polyamyloses. 

It would be premature, even with the additional information now 
available, to speculate as to the alterations in disaccharide formulae 
which are now necessary, and discussion is limited to some general 
considerations. The question arises as to whether methylation 
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alters the linkage of one sugar residue with another, but this has 
already engaged our attention (Irvine and Oldham, J., 1925, 127, 
2910), although the argument that maltose and cellobiose give rise 
to different methylated sugars no longer holds. There remains an 
analysis of how far conclusions as to structure are logically valid 
when based on the formation of 2 : 3 : 6-trimethyl glucose. This 
sugar, formulated as an amylene-oxide, may be represented as (A) 
and on first inspection it might appear that all disaccharides which 
yield this compound must have the glucose residues attached 
through position 4. But inspection will show that the number 
of diglucoses which qualify for this mode of linkage is now larger 
than stereochemical considerations accommodate. The situation 
thus created is disconcerting, but is greatly simplified when it is 
recognised that 2:3: 6-trimethyl glucose is capable of reacting 
as a y-sugar, this property of the compound having been already 
pointed out (Irvine and Hirst, loc. cit.). It follows that the produc¬ 
tion of 2:3: 6-trimethyl glucose is not absolutely diagnostic in 
discriminating between positions 4 and 5 as the point of union of 
two glucose residues. Thus, if we imagine two disaccharides to be 
constituted as under (V and VI), where It represents the non¬ 
reducing hexose residue. 


1. 

2 . 

3. 

4. 

5. 

6 . 


. r CH*OH 
. I cH-OMe 
. 0 CH-OMe 
. CH-OH 
• 

. CH 2 -OMe 
(A.) 


r CH-OH 
(j) CH-OH 
J CH-OH 

l ¥ h 

6h—o—e 
ch 2 -oh 

(V.) 


rCH-OH 
I CH-OH 
0 CH-OH 
CH—0—E 
L CH 
CKj-OH 
(VI.) 


only the compound corresponding to (VI) would yield the stable 
form of trimethyl glucose directly. The other could, however, do so 
indirectly, giving in the first place: 


IX 

l r 


H-OH 
OMe 
<?H-OMe 

CH-OH 
CH^OMe 
Unstable Type. 


which transposes to 


r 

O' 


CH-OH 
■H-OMe 
!H-0Me 

| Oh-oh 
l-ch 

UHg-OMe 
Stable Type. 


The possibility thus revealed invests all such constitutional studies 
with precisely the same uncertainty as is encountered in the 
hydrolysis of sucrose and inulin. Evidently the disaccharides must 
be studied afresh in the light of the possibility that y-oxidic or other 
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linkages may be present in one or other of the constituent sugars. 
These considerations have been made the subject of other investig¬ 
ations now in progress in this laboratory. 

According to the evidence now submitted, maltose may be 
formulated either as: 

r GH-OH r <?H* OH 

CH-OH q CH*OH 

0<j®>OH j(j!E>OH 

rvn.) I V H ~°—- 1 ? H (vm.) 

L<JH [CH-OH] 3 0 OH—0—CH-1 

CH 2 -0H OH- 1 CH 2 -OH [9H-OH] 3 0 

CH 2 *OH CH- ] 

ch 2 -oh 


The methylation process does not discriminate between these 
alternatives, one of which must represent cellobiose and ^socello- 
biose, whilst the other must be reserved for maltose together with, 
presumably, isomaltose. The conversion of methylmaltoside into 
P-methylglueoside appears to favour the allocation of formula (VII) 
to maltose but, on the other hand, the degradation of maltose is 
more easily explained in terms of formula (VIII). Work is in 
progress to decide between the above alternatives. 

The results now contributed serve to emphasise a view formerly 
expressed (Irvine, J,, 1923,123, 898) that no claim for finality can 
be made regarding the constitution of sugars and that each successive 
modification represents only a stage in knowledge. 


Experimental. 

Methylation of Maltose .—-In order to economise description, it may 
be stated that each method of alkylation now described was applied 
to three distinct specimens of maltose. Two of these were obtained 
from trustworthy manufacturing firms and were selected as they 
displayed the correct melting point and specific rotation for the 
disaccharide. The third specimen was prepared in this laboratory 
during the War and was subjected, before use, to a special bacterio¬ 
logical examination. It was presumably identical with the material 
used by Haworth and Leitch. The descriptions of the methylation 
now given apply therefore to six distinct preparations, and the 
results quoted are typical. 

Method J. The directions given by Haworth and Leitch (he. cit 
pp. 813—814) were adhered to in every detail. After three methyl- 

ations by means of methyl sulphate, the product extractable with 
chloroform weighed 27*5 g. (from 30 g. of maltose) and contained 
50-5% of methoxyl. On distillation, 19*5 g. of a viscous syrup were 
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obtained (b. p. 189—191°/0*2 mm.; n D . 1*4685), but it may be noted 
that a small fraction of lower boiling point -was also collected and 
that a viscous residue remained undistilled. The rq^m fraction, on 
redistillation, boiled at 190°/0*2 mm. and showed [ofc in alcohol 
+ 91-1° for o=l*15; [a] D in acetone +92*1° fon^ = 1*256; 
OMe, 50*4%; 1*4706. After another methylation, product 

was separated on distillation into three portions, and, although. the 
boiling point showed no variation, the second fraction (11-2 g.) was 
selected as being in best agreement with the constants quoted by 
Haworth and Leitch for heptamethyl methylmaltoside. 

The methoxyl content was nevertheless slightly low, but purific¬ 
ation was effected by solution in light petroleum and extraction with 
water. A small amount of discoloured syrup was retained in the 
hydrocarbon solvent, and the main product, when recovered from 
the water, was entirely decolorised by boiling in chloroform solution 
with norit. Average yield, 10 g. per 30 g. of maltose used. Found : 
0, 52*3; H, 8*6; OMe, 52*7. Calc, for heptamethyl methyl¬ 
maltoside, C 12 H 14 0 3 (0Me) 8 , C, 52*9; H, 8*4; OMe, 54*6%; %> 1*4691; 
[a] D in acetone -|- 90*6° for c = 1*16. The maltose provided by 
manufacturing firms gave results corresponding closely with those 
described above, although the final yield of methylated maltoside 
was invariably smaller. The same tendency for the methoxyl value 
to be low was again observed, successive preparations showing 
OMe, 52*0 and 52*4, in place of the calculated value 54*6%. 

Method II, The initial stages in the methylation were conducted 
as before and the product soluble in chloroform was isolated. 
Thereafter only the silver oxide method was applied, the following 
being an account of a typical case. 40 G. of the partly methylated 
maltoside were alkylated as usual with methyl iodide (6 mols.) and 
silver oxide {3 mols.), the treatment being continued for 8 hours. 
The yield of distilled material amounted to 32 g., of which 22 g. were 
collected at the boiling point of heptamethyl methylmaltoside. 
The undistilled residue was rejected and the distilled material was 
again methylated and fractionated. Finally, the middle fraction 
was redistilled and purified by solution in light petroleum and 
extraction with water as already described. 

The heptamethyl methylmaltoside thus isolated was identical 
with that obtained by Method I and gave the same hydrolysis 
products, but the methoxyl content was again low (OMe, 52%) and 
the refractive index was 1*4700 in place of 1*4691. 

Hydrolysis of Heptamethyl Methylmaltoside.—Method A . In study¬ 
ing this reaction the preparations of the alkylated maltoside obtained 
from different specimens of maltose were kept apart and treated 
separately ; identical results were, however, obtained in each case. 
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The maltoside was hydrolysed by heating with 5% aqueous hydro¬ 
chloric acid as described by Haworth and Leitch, but a variation 
was introduced^nto the method of separating the sugars, the acid 
liquor being* extracted six times with chloroform. The syrup 
isolated froja the chloroform solution crystallised at once and 
consisted qwfcetramethyl glucose. 

The sugaf? remaining in the aqueous liquor was recovered in the 
usual manner and converted into the corresponding methylglucoside 
by boiling with methyl alcohol containing 1% of hydrogen chloride 
until the solution was devoid of reducing action. After rendering 
alkaline by the addition of sodium bicarbonate, the alcohol was 
removed and the residue taken up in water. On extracting six 
times with chloroform, the trimethyl methylglucoside passed into 
solution in the chloroform, from which it was recovered and purified 
by distillation at 145°/0*6 mm. This treatment removed traces of 
impurity and the glucoside was then rehydrolysed with 5% aqueous 
hydrochloric acid. On isolation of the product in the usual manner, 
the trimethyl glucose was obtained as a viscous syrup which slowly 
crystallised in the maimer characteristic of 2:3; 6-trimethyl 
glucose. The sugar was recrystallised from ether and identified 
as afterwards described. 

In order to secure control evidence, the above operations were 
conducted in lots of 10 g., a typical result being that 10*3 g. of 
heptamethyl methylmaltoside gave 4*7 g. of crystalline tetramethyl 
glucose and 4*7 g. of syrupy trimethyl glucose. The latter, in turn, 
yielded 3*6 g. of distilled trimethyl methylglucoside, from which 
3*3 g. of the corresponding sugar were obtained. 

Method B* The hydrolysis of heptamethyl methylmaltoside 
was in this case conducted under conditions which would convert 
the liberated sugars into the corresponding methylglucosides. This 
was effected by boiling with excess of methyl alcohol containing 
1% of hydrogen chloride, it being found that, in the course of 7 
hours’ treatment, the specific rotation, which had gradually 
diminished, attained a constant value. Boiling was continued for 
an additional period of 5 hours, after which the acid was neutralised 
and the solvent alcohol removed. The residue was then dissolved 
in water and the solution extracted repeatedly with chloroform, 
a syrup being obtained on evaporating the latter solvent. This syrup 
was a mixture of tetramethyl and trimethyl methylglucosides which 
was purified from traces of extraneous products by distillation under 
diminished pressure. The total distillate was thereafter hydrolysed 
in the usual man n er by means of aqueous hydrochloric acid and the 
two sugars thus formed were separated by extraction with chloro¬ 
form as described in Method A, The results were as before, crystal- 
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line tetramethyl glucose being isolated from the chloroform solution 
and the aqueous liquor retaining trimethyl glucose. This was 
isolated initially as a syrup which crystallised on keeping. In this 
particular instance, the solidification of the sugar was complete 
only after an interval of 3 weeks owing, it would appear, to the 
presence of a small proportion of a very viscous syrup which was 
less soluble in ether and had a smaller methoxyl content than 
trimethyl glucose. The crystallisation of the sugar was delayed by 
cooling and proceeded more satisfactorily at room temperature. 

Examination of the Hydrolysis Sugars.—Identification of 2 : 3 :4 : 6- 
tetramethyl glucose . The identification of the tetramethyl glucose 
presented no difficulty. All the specimens were recrystallised three 
times from light petroleum. The composition, melting t point, 
mixed melting point, and mutarotation determined on the product 
agreed exactly with the accepted standards for 2:3:4: 6-tetra- 
methyl glucose. 

Identification of 2:3: 6-trimethyl glucose . In the hydrolysis 
experiments already described, the trimethyl glucose was obtained 
as a crystalline mass which still retained a small quantity of a 
viscous syrup. The material was thoroughly incorporated with dry 
ether containing a little acetone, and the crop of crystals removed 
by filtration. On evaporation of the filtrate and extraction of the 
residue with ether any non-crystallisable syrup was left undissolved, 
while the extract gave further crops of crystalline sugar. In one 
instance, when the proportion of adhering syrup was larger than 
usual, it was removed by draining on porcelain, from which it was 
recovered and examined, with negative results, for 2:3: 4-trimethyl 
glucose. Each preparation of the sugar was purified by recrystallis¬ 
ation from ether containing a small proportion of low-boiling petrol¬ 
eum. In this way, the compound was obtained in characteristic 
long needles melting at 113—114° and showing no depression of the 
melting point when mixed with a standard specimen of 2:3:6- 
trimethyl glucose (Found: QMe, 41*2. Calc., 41*9%). When 
dissolved in water the sugar displayed downward mutarotation, 
giving the equilibrium value [a]‘g° + 70*9°, the accepted permanent 
specific rotation for 2:3:6-trimethyl glucose being +70*5°. 
The results quoted are typical of those obtained with all the 
specimens examined. 

Preparation of Methyimaltoside. —In order to attain greater 
accuracy, the reactions of methylation and hydrolysis were duplicated 
using crystalline methyimaltoside as the starting material. As a 
number of interesting features were encountered in the preparation 
of methyimaltoside, these are referred to now, together with such 
practical details as we have found to be advantageous. 
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Stage I. The preparation of octa-acetyl maltose proceeds most 
satisfactorily when not more than 30 g. of maltose are used in each 
experiment. In successive preparations 300 g. of the sugar were 
converted into the acetate, each experiment yielding on an average 
20 g. of product which had been recrystallised from alcohol until 
the m. p. was 158—159°. 

Stage II . Trial experiments showed that the action of hydrogen 
bromide on octa-acetyl maltose gives the best results when carried 
out on small quantities of the order of 2 g. This may be 
increased to a maximum of 10 g. but, with larger quantities, 
degradation of the disaccharide takes place and serious difficulties 
are introduced into the purification of the acetylated methyl¬ 
maltoside. By tedious repetition of the typical experiment now 
described, 250 g. of the octa-acetate were converted into hepta-acetyl 
methylmaltoside. 2 G. of octa-acetyl maltose were dissolved in 
50 c.c. of a mixture consisting of glacial acetic acid saturated with 
hydrogen bromide (10%), of ether (15%), and of benzene (75%). The 
use of this particular mixture of solvents secures a permanently 
clear solution which enables the reaction to be followed by reliable 
polarimetrie readings. The rotation of the solution came to a 
constant value in about 12 hours, the final specific rotation, recalcu¬ 
lated for the change of concentration, ranging between + 184° and 
+ 190°. The solution was washed twice with water and dried over 
anhydrous sodium sulphate, the solvent being thereafter removed. 
The residual syrup was dried in a vacuum at a temperature not 
exceeding 55°, a process which was accompanied by vigorous 
frothing. 

Stage III. The bromo-derivative was dissolved by shaking with 
anhydrous methyl alcohol in the presence of silver carbonate, 
mixing being conducted on a mechanical shaker until a test sample 
of the solution was free from bromine. At this stage crystals of the 
product usually separated and consequently both the silver 
residues and the filtrate were extracted with hot chloroform. On 
removal of the solvent, hepta-acetyl methylmaltoside remained as 
a syrup which crystallised readily and was purified from absolute 
alcohol. In the course of 10 parallel preparations it was found that, 
as a rule, three crystallisations from alcohol gave a product melting 
at 124—125°, but, by repeating the crystallisation, this value could 
be raised to 128—129° (Found : C, 49*8; H, 5*9 ; OMe, 4-5. Calc., 
C, 49*8; H, 5*8; OMe, 4*8%. [a] D in chloroform + 53° for c = 1*5)* 
This melting point is identical with that quoted by Koenigs and 
Knorr, who prepared the compound from the corresponding nitrate. 
The loss sustained in these recrystallisations is considerable, as only 
about 40% of the original material is obtained in the pure condition. 
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In addition, a second crystalline product was isolated in amounts 
which varied in different preparations and it may be noted that when 
this substance was present in large proportion it was impossible to 
separate it from hepta-acetyl methylmaltoside by ordinary fractional 
crystallisation. Normally, this by-product was deposited from the 
mother-liquors, accumulated in the course of recrystallising 
hepta-acetyl methylmaltoside, when kept in a cool place. After 
recrystallisation from alcohol the compound melted at 145—146°, 
and showed [a] D in chloroform + 69*1° for c = 1*5 (Found: OMe, 
5*2 ; CH^COgH, 63-3. Gale, for OMe, 54; CB^*C0 2 H, 

62*3%). The examination in detail of this compound will form 
the subject of a later communication. 

Stage IV. Hepta-acetyl methylmaltoside, in quantities of about 
40 g., was dissolved in a large excess of absolute alcohol saturated 
with dry ammonia. After 2 days, the rotation of the solution 
became constant and thereafter the solvent was removed under 
diminished pressure. The viscous syrup then remaining was dis¬ 
solved in the minimum amount of alcohol and the methylmaltoside 
precipitated by the addition of small quantities of a mixture of 
chloroform and ether. The product was thereafter repeatedly 
recrystallised from a mixture of alcohol and ethyl acetate—a process 
which, if wasteful, is necessary before the maximum melting point 
of 110—111 0 is attained. Average yield, 9-5 g. In this condition, 
methylmaltoside contained 1 molecule of combined water (Found : 
OMe, 8-3; H*0, 4*9. Calc, for C^H^O^H/), OMe, 8*3; H 2 0, 
4*8%). 

The following observations were made on a specimen dried over 
phosphoric anhydride at 100°/15 mm.: C, 43*8; H, 7*0. Calc, for 
C 12 & u O n> C, 43*8; H, 6-75%. [a] D in alcohol + 63*5° for c = 1; 
in water, -f 83*9° for c = I. 

Methylation of Methylmaltoside .—This methylation was carried 
out by the silver oxide reaction in a manner parallel with that 
employed in the ease of methylglucoside. In the first three 
methylations it was necessary to use methyl alcohol as an extraneous 
solvent, but thereafter the material was freely soluble in methyl 
iodide alone. After the sixth methylation, the refractive index was 
1*4689 and the methoxyl content 50*1%. Two additional methyl¬ 
ations failed to alter n B , although the methoxyl content had increased 
to 52*3%. On distillation in a high vacuum, no lower-boiling 
distillate was obtained and the material distilled sharply at the 
boiling point of heptamethyl methylmaltoside (Found: 14662; 

yield, 76%; C, 52-7; H, 8*45; OMe, 54*1. Calc, for C 20 H 38 O u , 
C, 52*9; H, 84; OMe, 54*6%). 



IRVINE AND BLACK : THE CONSTITUTION OF MALTOSE. 875 


Solvent. c. [o] D . 

■Water. 0-508 +88-1° 

Alcohol . 0-562 81-9 

Chloroform .... 0*557 78*9 

Acetone . 0*577 78*1 


Hydrolysis of Heptamethyl Methylmalfoside. —A 4*5% solution 
of the compound in 5% aqueous hydrochloric acid was boiled until 
the rotation, which at first diminished, increased to a constant value. 
Judging from the initial polarimetric reading, it would appear that 
hydrolysis commenced in the cold. 


Time. {1 — 1). 

a. 

[«]»■ 

Start .. 

+ 3*11° 

+ 69*3° 

15 mins’, boiling . 

2*68 

59*6 

1 hour’s „ 

2*85 

63*4 

2} . 

3*27 

72*3 constant. 


After neutralising the solution with barium carbonate it was 
decolorised with norit and extracted six times with chloroform. 
The extract gave crystalline tetramethyl glucose (yield, 91% of the 
theoretical amount). Trimethyl glucose was recovered from the 
aqueous liquor by evaporation and extraction of the residue with 
acetone. Removal of this solvent left a syrup which was taken 
up in ether containing a trace of acetone and treated as already 
described. The trimethyl glucose crystallised rapidly, solidification 
beginning spontaneously in a few hours (yield, 87% of the theoretical 
amount). 

Tetramethyl glucose . After two recrystallisations, m. p. 93—95°; 
[oc]d in absolute alcohol + 112*1° (initial) —> 83*4° (constant). 

Trimethyl glucose . After two recrystallisations, m. p. 113—114°; 
mixed m. p. 113—114°; permanent specific rotation in water 
+ 70*2°; OMe, 41*6%. All the above determinations agree exactly 
with the standard values for 2:3: 6-trimethyl glucose and further 
confirmation was obtained by converting the sugar into the corre¬ 
sponding p-methylglucoside. This proved to be identical with the 
trimethyl methylglucoside obtained from cellulose; m. p. 57*5°; 
mixed m. p. 57°; C, 50*6; H, 8*4; OMe, 51-9. Calc., C, 50*8; 
H, 8*5; OMe, 52*5%. The specific rotation in methyl alcohol for 
c = 1 was — 29*3°. 

The thanks of the authors are due to the Carnegie Trust for a 
Research Fellowship held by one of them, and also to Dr. J. W, H. 
Oldham and to Mr. C. B. Purves (Carnegie Fellows) for much 
valuable help in carrying out control experiments. 

United College of St. Salvator and St. Leonard, 

University of St. Andrews. [Received, February 20 th, 1926.] 
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CXX .—The Constitution of the Disaccharides . Part 

X * Maltose .* 

By Conrad J. Astley Cooper, Walter Norman Haworth, 
and Stanley Peat. 

The investigation of the structure of maltose by Haworth and 
Leitch (J., 1919, 115 , 809) was one of the earliest of those under¬ 
taken in the disaccharide series. In the interval which has elapsed, 
greater familiarity with the properties and mode of identification 
of the partly methylated glucoses, and particularly of the trimethyl 
glucoses, has been gained. 

During a research, which will shortly be published, on the con¬ 
stitution of Ling and Nanji’s tsomaltose (J., 1923, 123 , 2666), 
certain irregularities were revealed which led us to suspect the 
accuracy of the formula previously applied to maltose. Conse¬ 
quently, the study of the latter sugar has been again undertaken 
during the past 18 months, with results which seem to require a 
modification of Fischer’s formula for maltose, which was supported 
by the work of Haworth and Leitch. 

In the earlier paper, the structural formula which appeared to 
represent maltose showed the linking of the two hexoses as occurring 
through the primary alcohol residue of one hexose with the reducing 
group of the second. The experimental data on which this con¬ 
clusion was based were dependent on the recognition of the structure 
of the trimethyl glucose (II) obtained, along with tetramethyl 
glucose (HI), by hydrolysis of heptamethyl methylmaltoside (I). 
In these formulae the revised structure for normal glucose is used 
(Charlton, Haworth, and Peat, this vol., p. 89); consequently the 
older 2:3: 5-trimethyl glucose is now written as 2 : 3 : 4-trimethyl 
glucose. 

The facts available at that time pointed to the non-identity of 
this specimen of trimethyl glucose, which was a liquid, with crystal¬ 
line 2:3:6-trimethyl glucose, which was isolated as a hydrolysis 
product of methylated eellobiose (Haworth and Hirst, J., 1921, 119 , 

* Almost the whole of the experimental results given in this paper were 
obtained during the early part of 1925, bnt publication was held over for 
the inclusion of other confirmatory details. A private communication from 
Sir James Irvine was received on February 28tb, 1926, intimating, but with¬ 
out experimental details, that he had communicated a paper to the Soeiety 
announ cing the isolation of 2 : 3 : 6-trimethyl glucose as a hydrolysis product 
of methylated maltose* In the circumstances, we consider it is advisable 
now to submit our results for publication, inasmuch as they may serve to 
confirm and supplement those obtained by Irvine and bis collaborators, 
whose priority we acknowledge. 
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193). Moreover, the oxidation of the trimethyl glucose derived from 
methylated maltose led to the isolation of what was considered to be 
a trimethyl saccharolactone (IV), and for these reasons, since the 
primary alcohol residue had apparently undergone oxidation to a 
carboxyl group without loss of a methoxyl residue, the specimen of 
trimethyl glucose was considered to have three methoxyl residues in 
the 2:3:4-positions, as shown in formula (III). 


p CH-OMe 
CH-OMe 
0 CH-OMe 
I CH-OMe r 0 ' 
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CH-OMe 
CH-OMe 
CH-OMe 
CH- 
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0 CH-OMe 
I CH-OMe 
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r CH-OH 
I CH-OMe 
0 C^H-OMe 
JH-OMe 


Y: 
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CH 2 -OMe 
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In a new series of experiments, the whole of the early work 
was repeated, and gave identical analytical results for the oxidation 
product of the trimethyl glucose. The method of isolating the 
trimethyl glucose was then modified, and instead of separating the 
hydrolysis products of methylated maltose by distillation, the 
aqueous solution containing the methylated hexoses was repeatedly 
extracted with chloroform, which entirely removed tetramethyl 
glucose as the normal crystalline variety (2 : 3 : 4 : 6). 

Remaining in the aqueous solution was the trimethyl glucose, and 
this was recovered by evaporation followed by extraction. The 
extracted syrup spontaneously crystallised, and yielded about 6% 
of the total in the form of the readily identifiable 2:3: 6-trimethyl 
glucose. This was similar in all respects to the specimen previously 
isolated both from methylated cellobiose and from methylated 
lactose. Moreover, the remaining syrup appeared to consist of the 
P-form of this normal sugar, and probably contained also a- and 
P-forms of the corresponding y-sugar, into which the normal variety 
appears to pass somewhat readily owing to the presence of a free 
hydroxyl group in the y-position in the chain. Possibly owing to the 
latter consideration, crystalline 2:3: 6-trimethyl glucose cannot be 
isolated in quantity. 

An alternative interpretation to that given in the earlier paper 
by Haworth and Leitch can now be offered, inasmuch as, accepting 
the trimethyl glucose as in reality 2:3: 6-trimethyl glucose (V), 
this could pass on oxidation to dimethyl saccharolactone (VI). 
Under the experimental conditions described by Haworth and 
Leitch, the oxidation product from the trimethyl sugar was 
digested with ethyl alcohol for the purpose of removing traces of 
water, and it would appear to have undergone partial transformation 
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into the ethyl ester of the dimethyl saccharolactone. The analytical 
data previously quoted are given in column 1, and those of dimethyl 
saccharolactone (VI) and its ethyl ester (VTI) in columns 2 and 3. 
The mean of the latter two results, given in column 4, will be seen to 
be closely similar to the analytical data previously interpreted 
under column 1 as indicating the constitution of the product as that 
of a trimethyl saccharolactone. 


1. 2. 3. 4. 

C... 46-03 43-6 48-4 46-0 

H . 6-26 5-45 6-46 5-95 

OMe . 35-9 28-2 37*5 32*85 


In order to test this explanation, we have again oxidised the 
liquid portion of the trimethyl glucose and submitted this to esteri¬ 
fication with ethyl alcohol containing hydrogen chloride. The main 
fraction isolated from this treatment distilled at 110—115°/0*03 mm. 
and gave titration results which corresponded to those required for 
compound (VII). 
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The valuable method of identifying 2:3: 4-trimethyl glucose 
through its crystalline p-glucoside (Irvine and Oldham, J., 1921, 
119, 1758) was not known at the time when the maltose paper was 
published and consequently we were unable then to apply this method 
of diagnosis. It seems clear, however, that 2:3:4-trimethyl 
glucose cannot be one of the hydrolysis products of methylated 
maltose, inasmuch as the specimen in our possession has since failed 
to satisfy those tests. The p-glucoside, when prepared, did not 
crystallise on keeping or on nucleation with specimens of 2:3:4- 
trimethyl (3-methylgIucoside which had been isolated for purposes of 
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diagnosis during our work on the constitution of gentiohiose and of 
amygdalin biose. On the other hand, the isolation of orystaliine 
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2:3: 6-trimethyl glucose points to the necessity of revising the 
structural formula of maltose, to which is now given the constitution 
(VIII) or (IX). The formula (VIII) differs stereochemically but not 
structurally from that of cellobiose, since the latter is a glucose 
p-glucoside and maltose is a glucose a-glucoside. 

The adjustment of the formula of maltose removes many out¬ 
standing anomalies as to the behaviour of starch. 

Experimental. 

Hydrolysis of Heptamethyl Methylmaltoside. Isolation of 2:3:6- 
Trimethyl Glucose and 2:3:4: 6 -Teiramethyl Glucose .—A specimen 
of heptamethyl methylmaltoside (39*5 g.) prepared as previously 
described by Haworth and Leitch (loc. cit.) (b. p. 201—203°/0*03 mm.) 
was hydrolysed by digesting with 5% hydrochloric acid at 85° for 
li hours and at 100° for a further period of 1| hours. Thereafter 
the specific rotation of the solution remained constant, and the 
hydrolysis was complete. The neutralised solution was slightly 
concentrated under diminis hed pressure and extracted several 
times with large quantities of chloroform. The chloroform extract 
was dried and evaporated; the residual syrup crystallised almost 
immediately, yielding pure 2:3:4: 6-tetramethyl glucose (16*5 g.). 

The residual aqueous solution was completely evaporated under 
diminished pressure and gave a syrup (15 g.) which, on keeping for 
several weeks, partly crystallised. These crystals (m. p. 106—117°) 
were drained on porous tile, and purified by solution in dry ether, 
from which small, colourless needles separated in three fractions : 
(a) m. p. 105—111°; (b) 108—115°; (c) 102—109°. Further 
recrystallisation gave crystals (1-25 g.), m. p. 110—116°, whieh, in 
admixture with a specimen of 2:3: 6-trimethyl glucose derived 
from methylated lactose (Haworth and Leitch), showed no depression 
of melting point. It showed in methyl alcohol (c = 1*73) [a] D 
+102*6° after 15 minutes, changing to 70*2° after 12 hours, and, after 
catalysis, to 67*5° (Found: 0, 48*4; H, 8*3; OMe, 40*4. Calc., 
C, 48*6; H, 8*1; OMe, 41*9%). 

The uncrystallisable syrup from which the above crystals had 
been obtained was oxidised by digestion with nitric acid (d T2), 
heating to 80° until brown fumes began to be evolved, and thereafter 
at 70° for 5| hours. After being cooled and tested for the presence 
of free sugar, the solution was again heated for a short period until 
the whole of the sugar was oxidised. The nitric acid was then 
removed by distillation under diminished pressure at 35°, water 
being constantly added during this operation. Finally, the whole 
of the water was evaporated, and the syrupy residue dissolved in 
ethyl alcohol containing 2% of hydrogen chloride. This solution 
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was boiled for 8 hours in order to complete the esterification, and 
the product was isolated in the usual manner. The methoxyl and 
ester groups were determined by the Zeisel method, calculating both 
OMe and OEt in terms of OMe, and showed 40-6%. The ester was 
then distilled, the first portion being collected at 88—95°/0*03 mm., 
but the main portion, the analysis of which is given below, distilled 
at 110—115°/0*03 mm. (Found: OR, 39*3. Calc, for the ethyl 
ester of dimethyl saccharolactone, C 10 H 16 O 7 , 37*5%). 

Titration . 0*1108 G. required 4*7 c.c. of Nf 10-sodium hydroxide 
in the cold, and on heating in a water-bath with excess of the a lkali 
for 20 minutes, a total of 8*81 c.c. of N/10-sodium hydroxide was 
required. Calculated for the ethyl ester of dimethyl saccharo¬ 
lactone, C 10 H 16 O 7 , 8*92 c.c., and for the trimethyl saccharolactone, 
C 9 H 14 0 7 , 9*46 c.c. Hydrolysis of this ester gave dimethyl 
saccharolactone (Found: OMe, 27*8. Calc.: OMe, 28*2%). 

On another occasion, the whole of the work described in the 
paper by Haworth and Leitch ( loc . tit.) on the constitution of maltose 
was repeated in every detail, and the lactone derived from the 
oxidation of trimethyl glucose was titrated and gave the following 
results : 0*0979 g. required 8*37 c.c. of N/10-sodium hydroxide. 
Calculated for trimethyl saccharolactone, C 9 H 14 0 7 , 8*33 c.c. In 
the earlier paper, a small typographical error appeared in the 
account given of the titration results, and the above re-determin¬ 
ation was therefore carried out. This anomaly is explained in the 
introduction. 

The authors express their thanks to the Department of Scientific 
and Industrial Research for the award of a grant to one of them. 

University of Durham, Armstrong College, Newcastle-on-Tyne. 

University of Birmingham, Edgbaston. 

[Received, March 5th, 1926.] 


CXXI .—Synthesis of Derivatives of y-Xylose. 

By Walter Norman Haworth and George Crone Westgarth. 

This investigation forms a part of a general study of the constitu¬ 
tion of the normal and the y-forms of the sugars. The isolation of 
derivatives of y-fructose, y-galactose, and y-arabinose encouraged 
the view that the existence of y-forms was a general property of the 
sugars (Haworth and Law, J., 1916, 109 , 1314; Haworth, Ruell, 
and Westgarth, J., 1924, 125 , 2468; Baker and Haworth, J., 1925, 
127 , 365). 

Tii the present paper, another example in the pentose series is 
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described, namely, trimethyl y-xylose, the structure of which has 
been investigated by conversion into its lactone and comparison 
of the properties of the latter with the corresponding lactone which 
we have isolated from normal trimethyl xylose. 

In the case of xylose, the condensation with methyl alcohol in 
the cold proceeds very tardily, the y-methylxyloside requiring 5 to 
7 days for its formation, as contrasted with fructose, which con¬ 
denses with methyl alcohol in the course of J hour, and galactose 
and arabinose, which require a period of less than a day after solu¬ 
tion of the sugar. In following the formation of the y-methyl¬ 
xyloside polarimetrically, it was observed that the condensation 
was accompanied by no inversion in the sign of potation, and 
indeed, the final value recorded, [a] D + 28*8°, differed very little 
from the initial value, + 28-3°, of the original xylose solution, 
although intermediate readings attained a maximum of + 37*7°. 

y-Methylxyloside is comparable in its properties with y-glucosides 
in general, exhibiting the usual ease of hydrolysis with acids of 
extreme dilution, and the characteristic instability in presence of 
neutral permanganate. Erom the specimen of y-methylxyloside, the 
completely methylated derivative, trimetfo§L y-methylxyloside , was 
obtained as a colourless liquid, [a] D = + 32-0° in methyl alcohol. 
Hydrolysis of this compound was effected at 100° with either 
N/50- or N /100-hydrochloric acid, but for the purpose of the 
preparation of the corresponding free sugar iV/15-acid may con¬ 
veniently be used, the hydrolysis being complete in 4 hours. The 
rotation changes accompanying the hydrolysis exhibited the usual 
fall and rise in value, giving a time-period curve characteristic of 
the y-glucosides, and indicating the presence of two stereochemieal 
forms. 

Trimethyl y-xylose was thus isolated as a liquid containing both 
a- and p-forms, and its properties were compared with those of the 
normal trimethyl xylose prepared by Carruthers and Hirst (J., 
1922, 121 , 2306). 

Trimethyl y-xylose. 

Syrup, b. p. 110 & /0*04 mm. 

[a]* +24*7°—^31*2°. 

Action of Reduces 

permanganate. vigorously. 

Acid methyl Combines 

alcohol. rapidly. 

It is noteworthy that these two structurally different forms 
should display specific rotations of the same sign and of similar 
magnitude. In this respect, the two varieties of trimethyl xylose 
may be compared with those of tetramethyl mannose, the y-form 


Normal trimethyl xylose. 
Crystalline, m. p. 87—90°. 

-f74°—>21°. 

No action. 

Combination slow. 
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of which is crystalline and shows [a] D + 48*5°, whereas the normal 
form is a liquid, showing [a] D + 17*2° (equilibrium in methyl 
alcohol) (Irvine and Burt, J., 1924, 125, 1343). 

With the object of deriving the constitution of trimethyl y-xylose, 
the sugar was oxidised to the corresponding lactone , and for the 
purposes of comparison a similar procedure was followed also with 
the normal sugar. The properties of the two lactones are indicated 
below : 


Lactone from (a) Trimethyl y-xylose. (6) Normal trimethyl xylose. 

Liquid. Crystalline, m. p. 55°. 

[a]* in water. +74*1° —61*4° -3*8° —>- +20-8* 

(Period, 21 days). (Period, 8 days). 

A comparison of these rotation values indicates that the lactone 
from the y-sugar resists hydrolysis to a much greater extent than the 
corresponding lactone from the normal sugar, and curves represent¬ 
ing these changes have been given in the paper by Charlton, Haworth, 
and Peat (this vol., p. 93). 

Since the constitution (III) allocated to normal trimethyl xylose 
on the basis of its oxidation to trimethoxyglutaric acid is that of a 
normal or 8-oxide (Hirst and Purves, J., 1923, 123, 1352), it is 
evident that the structure of the derived lactone is that indicated 
by formula (IV). We are able to assign the structural formula (H) 
to the lactone from the y-sugar for two reasons: (a) Its lactone 
ring must be situated on the right of the carbon chain on the basis 
of Hudson’s rule, since the substance displays dextrorotation, 
diminishing in magnitude as the ring opens by hydrolysis to the 
hydroxy-acid. The lactone ring cannot engage the p-carbon acid, 
since in this case the lactone would be laevorotatory. (b) Its speed 
of hydrolysis in water is comparable in every respect with the series 
of y-lactones examined by Charlton, Haworth, and Peat (he. cit ,). 
We therefore ascribe the constitution of a y-laetone to this com¬ 
pound (II), whence it follows that the related sugar, trimethyl 
y-xylose, has the constitution (I). 


CH-OH CO-1 

H-C-OMe o —> H-C-OMe k 
MeQ-y-H | MeO-y-H | 

H*y- 1 H-O- 1 

CEL/OMe CH,-OMe 


(I.) (H.) 


CH-OH 

H-C-OMe . 
J.TT 0 



C( 

. H-C-OMe 
MeO-C-H _ 
H-C-OMe 
CH2 
(IV.) 


Experimental. 

Preparation of y-Methylxyloside .—Polarimetrie observations indi¬ 
cated that at 15° solutions of xylose (2%, 3-5%, and 5%) in dry, 
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acetone-free methyl alcohol containing 1% of hydrogen chloride 
attained a maximum rotation after 25—30 min utes from the time of 
solution, this stage being succeeded by a slow diminution of rotation, 
and the equilibrium period seemed to be reached in about 24 hours. 

The following values were obtained, for example, with a solution 
of this nature containing 2% of xylose : 


Tim© (mins.) . 5 10 15 20 30 53 58 

[o] D . +28-3° 35*3° 37*2° 37-4° 37-7° 36-1° 35-9° 

Time (mins.) . 163 210 22J hrs. 

[a] D . +30*9° 29*0° 28-8° 

With a similar solution containing, however, 5% of xylose, the 
following polarimetric figures were recorded: 

Time (mins.) .. 20 26 36 52 62 72 112 

[a] D . H-37-9 0 38-6° 38-8° 38-5° 37-5° 37-0° 35-3° 

Time (mins.) . 167 262 397 

[a] D . +33*5° 32*1° 30-3° 

Time (hours). 25 50 75 

[a]„ . -f 29-3° 28*5° 28-2° (Thereafter, apparently con¬ 

stant.) 

The evidence furnished by tests with Fehling’s solution, and 


also by actual isolation of the product, indicated that xyloside 
formation was far from complete at the end of these periods- 

It thus appeared that glucoside formation proceeded very slowly 
under these conditions, xylose differing markedly in this respect 
from fructose, galactose, and arabinose. Moreover, the apparent 
attainment of a constant rotation after 24 hours was deceptive, 
in that methylxyloside continued to be formed even after 5 days, 
although the rotation changes were negligible during this extended 
period. 

The following experimental conditions were therefore adopted for 
the preparation of larger quantities of y-methylxyloside : Dried, 
finely-sieved xylose (11*9 g.) was dissolved in 238 g. of pure dry 
methyl alcohol containing 2*27 g. of hydrogen chloride, making a 
5% solution of xylose in methyl alcohol containing 1 % of hydrochloric 
acid. The mixture was kept at room temperature until it no longer 
reduced Fehling’s solution, this stage being reached after 7 days. 
The product, isolated in the usual manner, was extracted with ethyl 
acetate, and consisted of a viscid syrup (8 g.) containing 0*7 g. of 
xylose crystals, which were removed by solution of the syrup in 
absolute alcohol. Distillation of the syrup was effected without 
any decomposition, giving rise to a pale yellow, viscid product, 
b. p. 161*570*03 mm., [a]i> = + 62*8° in ethyl alcohol [Found: 
OMe, 18*4. C 5 H 9 0 4 (0Me) requires OMe, 18*8%]. 

In another preparation of y-methylxyloside, 27*5 g. of xylose 

gg2 
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gave 20*6 g. of a syrup from which 15*8 g. of the distillate were 
obtained, the still residue being 3*4 g. In this experiment, the 
solution ceased to reduce Fehling’s solution after 5 days. 

31 ethylation of y-31 ethyfccyloside .—Methylation of this product 
was carried out with methyl sulphate and sodium hydroxide, care 
being taken to prevent development of acidity during the operation. 
The first eighth of each reagent was added at 40°, the second at 55°, 
and the remainder at the usual temperature of 70°. The quantities 
used were : y-methylxyloside, 6-3 g.; methyl sulphate, 16*3 c.c.; 
sodium hydroxide, 15*5 g. in 31 c.c. of water. This yielded a pale 
liquid product which was remethylated with methyl iodide and silver 
oxide. The liquid product weighed 3*5 g. and had b. p. 78°/0*03 mm., 

7 i D = 1*4407. A small quantity of crystals was also collected. 

The distilled liquid was colourless and immediately reduced 
neutral permanganate in the cold, but showed no reduction of 
Fehling’s solution even on vigorous boiling [Found: C, 51*35; 
H, 8*4; OMe, 56*3. C 5 H 6 0(0Me) 4 requires C, 52*4; H, 8*7; OMe, 
60*2%. C 5 H 7 0 2 (0Me) 3 requires C, 50*0; H, 8*3; OMe, 48*3%]. 

These figures indicated that the xylose compound contained 
between three and four methoxyl groups. 

The material was mixed with a further 11*2 g. which had been 
methylated to the same stage, and the whole (14*4 g.) was re¬ 
methylated six times by Pur die’s reagents. On distillation the 
first few drops were rejected, and a yield of 10*05 g. of the main 
fraction, b. p. 82*5—84*5°/0*03 mm., was obtained. In order to 
ensure a better fractionation, this product was re-distilled in the 
vacuum of the water-pump and then had b. p. 110—114°/14 mm. 
(Found : C, 52*2; H, 8*8; OMe, 59*0. GgH 18 0 5 requires C, 52*4; 
H, 8*7; OMe, 60*2%). = + 32*0° in methyl alcohol (c = 

0*7975); 1*4387. 

The sugar derivative was therefore a fully-methylated pentoside, 
and was essentially trimethyl y-methylxyloside. 

Preliminary Hydrolysis .—Preliminary experiments were instituted 
with the view of determining the ease of hydrolysis of trimethyl 
y-methylxyloside with acid of varying dilutions. For this purpose 
hydrochloric acid (a) N/100; ( b) N /50; (c) N/15 was employed 
at 100° and the following polarimetric data were recorded : 


(a) Time (mins.) ... 5 25 55 85 120 150 210 275 

[a]* . +37*9° 17*2° 16*3° 19-7° 22-0° 24*1° 28*6° 33*2° 

(5) Time (mins.)... 3 27 57 89 109 

[a]* . 4-33*9° 18*2° 24*2° 24*2° 26-4° 

(c) Time (mins.) ... 0 30 60 150 240 360 

[at ...... 4-35*6° 28*8° 34*2° 36*9° 38*3° 37*8° 
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To the solution (c) sufficient concentrated hydrochloric acid was 
added to increase the ^/15-acid to 1% strength, and this solution 
was kept at 100° for an hour, after which the specific rotation 
diminished from + 37*8° to 35*1°. By increasing the acid con¬ 
centration to 5% and boiling the solution for a further period of 
If hours the rotation fell to +29*9°. It was evident, therefore, 
that if any of the normal form of trimethyl methylxyloside was 
present in the original product, this quantity was extremely small, 
since normal trimethyl xylose has a lower specific rotation ([a] D +21°) 
and is formed from its glucoside by hydrolysis with 5% hydro¬ 
chloric acid at 100°. 

Isolation of Trimethyl y-Xylose. —Trimethyl y-methylxyloside 
(4-5 g.) was dissolved in 100 e.c of N /15-hydroehloric acid and heated 
under reflux on a boiling-water bath as in the above control experi¬ 
ment. The hydrolysis was arrested after 5 hours, when a constant 
rotation was reached. The solution was then neutralised with 
barium carbonate, filtered, and evaporated at 40°/12 mm. to a syrup. 
This was dissolved in chloroform, filtered from inorganic salt and 
evaporated, and the residual product (3*8 g.) was distilled. 

Fraction 1. B. p. 96-5°/0-06 mm., 1*3 g., = 1-4509. 

,» 2. B. p. 110°/0-04 mm., 2-3 g., = 1-4539. 

The first fraction contained some unchanged xyloside, and any 
of the normal form of trimethyl methylxyloside which might be 
present would be collected in this fraction of lower boiling point 
since it would be unaffected by the N / 15-acid. 

The second fraction, consisting of trimethyl y-xylose (Found: 
C, 49*5; H, 8*5; OMe, 47*2. C 8 H 16 0 5 requires C, 50*0; H, 8-3; 
OMe, 48*4%), was a colourless liquid which reduced Fehling’s solu¬ 
tion very actively, and also neutral permanganate in the cold. 
Md in water, + 24*7°—>-29*5° after 40 hours. After catalysis, the 
final equilibrium value was + 31*2°. 

Oxidation of Trimeihyl y-Xylose with Bromine Water . Isolation 
of Trimeihyl y-Xylonolactone .—Trimethyl y-xylose (1-5 g.) was 
dissolved in 12 e.c. of water, and 1 c.c. of bromine added gradually 
with shaking. The solution was then heated for 6f hours at 30—35°. 
After keeping in the cold for 60 hours, it slightly reduced Fehling’s 
solution. A further f c.c. of bromine was accordingly added and 
the oxidation completed by again heating for 9 hours at 35—40° 
and keeping over-night at room temperature. Excess of bromine 
was then removed by aeration, and the solution concentrated 
under diminished pressure. Hydrobromic acid was removed by 
the usual treatment, and the solution evaporated at 40°. The 
residual syrup was dissolved in dry ether and filtered several times 
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to remove traces of inorganic matter. In this way, 1*3 g. of a pale 
yellow liquid were obtained, which was submitted to fractionation 
in a high vacuum. Nearly the whole distilled at about 105°/0*04 mm., 
and showed n B 1*4465 (Pound : C, 50*7; H, 7*6; QMe, 47*4. Calc, 
for C 8 H 14 0 5 ,C, 50*5; H, 7-4; OMe, 48*9%). 

On titration, the compound behaved as a lactone : 0*1060 g. 
required, on heating, 5*4 c.c. of iV T /10-sodium hydroxide (Calc, for 
C s H 14 0 5 , 5*6 c.c.). The compound behaved in aqueous solution as 
a typical y-lactone; there was a slow change in the value of the 
specific rotation due to the opening of the lactone ring, with form¬ 
ation of an acid of lower rotatory power. The following rotations 
were observed in aqueous solution (e = 1*1062): [oc] D + 74*1° 
after 5 minutes, 71-8° after 64 hours, 69*6° after 7 days, 61*4° after 
21 days. 

The experimental evidence stated above has led to the conclusion 
that the oxidation product was trimethoxy-y-xylonolactone, and a 
1:4 or butylene-oxide structure has thus been assigned to the 
derivatives of y-xylose. 

Preparation of Trimethyl §-Xylonolacione from the Normal Form 
of Trimethyl Methylxyloside. —A simultaneous hydrolysis and 
oxidation of crystalline trimethyl [3-methylxyloside (m. p. 48—49°) 
was carried out as follows (compare Pryde, Hirst, and Humphries, 
J., 1925, 127 , 348): A solution of the normal form of the xyloside 
(1*5 g.) in 16*6 c.c. of 3% aqueous hydrobromic acid was heated at 
85° for an hour and cooled to 75°. Bromine was then added (0-7 c.c.) 
over a period of 4 hours at the rate of 7 drops every half-hour. 
The solution stood at room temperature for 24 hours and then a 
further 1 c.c. of bromine was added at 75° over a period of 4 hours 
at the rate of 10 drops every half-hour. The liquid still reduced 
Fehling’s solution after cooling and keeping over-night. More 
bromine (0*5 c.c.) was introduced over a period of 6 hours at the same 
temperature as before. On keeping over-night, the oxidation was 
found to be complete, and the product was isolated in the usual 
way. The yellow liquid thus obtained (1-13 g.) crystallised on the 
addition of ether. It was considered advisable, however, to distil the 
product in order to decompose any free acid that might be present. 
The product having been heated on a bath at 100—110°/0*05 mm. 
for 1J hours, the bath temperature was raised to 145—150°; the 
product then distilled smoothly at 115—120°/0*05 mm. as a colour¬ 
less liquid which solidified, and the crystalline mass was drained on 
porous tile (m. p« 52—53°). It recrystallised from light petroleum 
(sparingly soluble) in very long needles melting sharply at 55°. 
A further recrystallisation produced no change in the melting point. 
The recrystallised material resembled glass wool in appearance. 
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and analysis proved it to be trimethoxyxylonolaetone, which must 
be the 5-lactone, since the normal trimethyl xylose gives rise on 
oxidation to trimethoxyglutaric acid (Hirst and Purves, loc. cit.) 
(Pound : C, 50*8; H, 7*5; OMe, 48*9. Calc, for C 8 H 14 0 5 , C, 50*5; 
H, 7*4; OMe, 48*9%). On titration the compound behaved as a 
lactone: 0*1025 g. required, on heating, 5*15 c.c. of N] 10-sodium 
hydroxide (Calc, for C 8 H 14 0 5 , 5*39 c.c.). The hydrolysis of the 
lactone in aqueous solution at room temperature (c = 1*3289) was 
followed polarimetrically: [a]g* —3*8° after 4 minutes, + 2*3° 
after 1| hours, + 3’0° 4 hrs., + 6*9° 23 hrs., + 15*8° 4 days, 
4* 19*5° 6 days, + 20*8° 8 days. 

The authors express their gratitude to the Department of Scientific 
and Industrial Research for a maintenance grant to one of them. 
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CXXIL —Termolecular Reactions. Reduction of Silver 
Acetate by Sodium Formate. 

By Alexander Coxjtie. 

In a recent investigation of the reaction occurring between form¬ 
aldehyde and bases, the author had occasion to make use of various 
velocity equations, in an attempt to settle the order of reaction. 
A comparison of the formulae employed by other experimenters, 
working along similar lines, showed that in many cases these were 
in error. This can best be explained by reference to the funda¬ 
mental differential equation, which is readily arrived at in the 
following way. 

Multimolecular chemical reactions are of two types. The first 
class consists of those in which the participation of one molecule of 
each of n different substances, all originally of the same molar 
concentration, is necessary and sufficient for the occurrence of the 
change. The differential equation assumes the form 

- dCjdt = kC* (1) 

(All concentrations in this section may be taken as measured in 
g.-mols. per litre.) The other class is much more general, and 
includes those reactions in which the n molecules, taking part in 
the change, are not all different. If molecules of substance A, 
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reacting with initial concentration C v disappear for every m 2 
molecules of substance B—of original concentration 0 2 —and so on 

— dCjdt = icG^G^C^ . . . (2) 

where + m 2 + m 3 + . . . = n. 

This equation can be put in a more useful form. If several 
substances A, B, C, . . with initial concentrations a 3 b, c, . . 
take part in a simple reaction, undisturbed by any simultaneous 
or secondary changes, and if l, m, n, .. . are the numbers of 
molecules of A, B, G, . . . which must react simultaneously before 
the change considered can take place, then, when x is the actual 
fall in concentration, in time t, of a substance of which only one 
molecule is necessary for the progress of the reaction, 

dxjdt = k(a — lx) 1 (b — mx) m (c — nx) n . . (3) 

the number of factors being equal to the number of different sud- 
stanees taking part in the reaction. A similar equation has been 
given by Wegscheider {Z. physikal . Chem 1900, 35, 513). 

From this general equation can be deduced all the ordinary 
unimoleeular, bimolecular, etc., velocity formulae, but in certain 
cases it leads to forms at variance with those already mentioned 
as being employed by a number of investigators. The disputed 
equations refer to reactions in which two or more molecules of at 
least one of the substances present are necessary for the progress 
of the change, i.e., when one or more of the quantities . . . 

in equation (3) is greater than unity. Applied to termolecular 
reactions of this type, as being those with which the author was 
chiefly concerned, the general equation gives the following formulae. 

Termolecular .—When a change takes place involving the inter¬ 
action of three molecules of A, the sole reactant present, equation (3) 
reduces to 

dxldt = k{a — 3^) 3 (4) 

but when two molecular species A and B take part—their initial 
concentrations being a and 6, respectively—and two molecules 
of B react with one of A, then 

dxjdt = k(a — x)(b — 2x) 2 (5) 

In a formula such as (4)-—where a is the total initial concentration 
of the reactant of which three molecules take part in the change, 
and x is the reduction in concentration, in time £, due to each 
molecule reacting—it is quite allowable, if absolute values of the 
velocity coefficient are not required, to make the substitution 
x x = 3#, whence 

[dxjdt = k t (a — ( 6 ) 
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and k x = 3 k. It is obviously not justifiable to make such a sub¬ 
stitution in one term of a differential equation and not in another. 
For example, the values of k obtained from equation (5) are not 
constant multiples of those derived from the form 

dxjdt = k(a — x)(b — x ) 2 (7) 

It is in this virtual neglect of the coefficients of x that the experi¬ 
menters already referred to were in error. 

For instance, Noyes and Cottle (Z. physikal. Chem ., 1898, 27, 
579; J . Amer. Chem. Soc., 1899, 21, 250) employ formula (7) in 
their study of the reaction between silver acetate and sodium 
formate, which may be represented by the equation 
2CH 3 -C0 2 Ag+H-C0 2 Na=2Ag+C0 2 +CH 3 *C0 2 H + CH^COgNa. 
They state that in this formula a and b are the initial concentrations 
of sodium formate and silver acetate, respectively, and x the 
measured fall in concentration of the latter substance. Although 
the concentration of the silver acetate falls at twice the rate of 
that of the sodium formate, their formula does not show this. More¬ 
over, their formula is restricted in its application when a is less than 
b , in which case it can only be employed as long as x is less than a, 
i.e., during the first half of an experiment. Noyes and Cottle 
continued their work past the point of half-decomposition in all 
experiments except, unfortunately, those to which this applies. 
The formula which they should have used is evidently 

dxjdt = k{a — xj2)(b — x) % (8) 

This is identical in form with equation (5). 

The use of erroneous formulae of the above type by several 
workers is possibly due to their having accepted without question 
or appropriate modification those given by Ostwald (“ Lehrbueh 
der allgemeinen Chemie,” 1887, II, 615—634) and integrated by 
Fuhrmann (Z. physikal . Chem., 1889, 4, 89), which are all of a 
simple and straightforward nature. 

Reduction of Silver Acetate by Sodium Formate . 

Since the days of van ? t Hoff it has been recognised that reactions 
of order higher than the second are few in number, and certain 
examples brought forward from time to time have been severely 
criticised and shown to afford little or no evidence in favour of such 
changes. A reaction frequently quoted as being one of the most 
thoroughly investigated and typical examples of a termolecular 
transformation, and one which has never been seriously called in 
question, is that under discussion. 

In their investigation of this reaction Noyes and Cottle ( loc . cit.) 

GG* 
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obtained velocity coefficients by the use of an erroneous formula 
(compare previous page). 

Substitution of their data in the correct equation gives values 
which are far from constant, as can be seen from the following 
example. 


a = [H-COaNa] = 0*050 N ; b = [CH 3 -C0 2 Ag] = 0*100 N. 


t (mins.). b — a?. 

2 0*08103 

4 0*07180 

7 0*06395 

11 0*05920 

18 0*05625 


h z (Noyes and Cottle). 
30*0 
30*2 
31*2 
29*7 
28*0 


k z (corrected). 
26*2 
23*5 
20*6 
16*9 
13*5 


These facts suggested inaccuracy in their experimental work, which, 
although correct in outline, may be criticised on one or two points. 

To begin with a matter of minor importance, the temperature at 
which they carried out their experiments was the boiling point of 
water under the atmospheric pressure, and although, owing to the 
short duration of a single experiment, the error thus introduced 
would not be appreciable except in the comparison of the velocity 
coefficients of the various experiments, yet an ordinary change in 
pressure might result in an error of 10% in the coefficients. 

Whilst excessively slow reactions cannot he relied on to give 
satisfactory results, it must also be recognised that very quick 
reactions are subject to great experimental error. There was no 
need for these investigators to perform their experiments at 100°, 
with consequent times of half-decomposition of the order of a few 
minutes; a temperature of 75° gives a velocity at once convenient 
from the point of view of the time required and capable of accurate 
measurement. 

The method of titration employed by Noyes and Cottle is liable 
to slight inaccuracy on account of difficulties in the quantitative 
filtration of the finely-divided suspension resulting from the addition 
of the reaction mixture to the thiocyanate solution. The author 
considers that the error thus introduced may account, at least in 
part, for the apparently abnormal data obtained by these in¬ 
vestigators. 

It need scarcely be emphasised that their experiments afford 
absolutely no proof that the reaction is of the third order. 

Re-investigation of the Reaction . 

The procedure was as follows. Solutions of the two salts at the 
same temperature (74*97° ± 0*02°) were rapidly mixed in such 
proportions that the resulting solution was of a known concentra¬ 
tion with regard to each. One solution was placed in a boiling tube, 
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A, which was fitted with a syphon tube, leading to the bottom of a 
similar vessel, B, containing the other solution, and also with an 
inlet tube through which air could be passed to force the liquid from 
A into B. The apparatus was standardised in order to allow for 
the small quantity of solution unavoidably remaining in vessel A 
and in the syphon tube. At a definite time after the two had been 
mixed and thoroughly agitated by a current of air, an analysis 
sample of about 10 c.c. was withdrawn, and rapidly cooled in ice. 
As it was essential to remove the insoluble products of reduction 
before titration, a very small filter-paper was well washed with 
2 c.c. of the cooled solution and the remainder was filtered through 
it. Attention to the size of paper and the preliminary washing 
was necessary to reduce the loss due to adsorption of silver salt 
during filtration. 5 C.c. of the filtered solution were titrated with 
potassium thiocyanate, ferric alum being used as indicator, the 
accuracy being 0*02 c.c. Consideration was given to various 
possible sources of error, such as the colloidal products of reduction 
not retained by the filter and dissolved by the nitric acid in the 
indicator solution, and the change in normality of the solutions on 
heating to 75°. 

Silver acetate and sodium formate give alkaline solutions, and 
as the change to an acid reaction, which takes place during the 
course of an experiment, might have introduced disturbances, 
experiments were performed in which varying amounts of acetic 
acid were added initially. Since the results with and without acid 
were sensibly the same, this precaution was not considered essential. 

The tables of results give the velocity coefficients calculated from 
the correct formula in the column headed 1c (correct), and, for com¬ 
parison, those obtained by the use of Noyes and Cottle’s formula 
under the heading k(N. and C.). The correct formula, dx/dt = 
h(a — x/2)(b — a;) 2 , where a and b are the total initial normalities 
of sodium formate and silver acetate, respectively, and x is the fall 
in normality of silver acetate in time t, gives on integration 




2 f (2a — b)x 

(2a — b)H \ b(b — x) 


+ Iog e 


2a(b — a;) j 
b(2a — x) f* 


while Noyes and Cottle’s equation dx/dt = lc(a — x)(b — x) 2 , 
where a, b and x have the same significance as above, gives 


T, _ 1 f{® - b)x , 0(6 - 35)1 

(a - b)H\b{b - x ) + 10Se 6To -”i)J • 

The values of x given are calculated from the mean titration 
figures of from three to six experiments for each concentration. 
The accuracy obtained can best be shown by comparing the figures 

OG* 2 



892 


COOTIE : TERMOLECTJLAB REACTIONS. 


for a single concentration: i is the time in minutes, $ the values 
(c.c.) from a single experiment, and r the average of three experi¬ 
ments. 


[HC0 2 Na] = 0-0 5N ; [CH^CO^g] = OOotf. 


t . 


...... 20 

40 

70 100 

160 

240 

5 .. 


. 8-98 7-19 

5*58 4*55 

3-28 

2*37 

r . 


. 8-97 7-19 

5-59 4-56 

3-28 

2*41 




Tables of . 

Results . 





a = 

= 0-100; b • 

= 0-050. 






k (N. 



fc(N. 

t (mins.). 

it*. 

k (corr.). 

and C.). t 

(rains.)* a. 

k (corr.). 

and C.); 

20 

0-0218 

8-28 

8-92 

100 0*0395 

8*84 

10*81 

40 

0-0299 

8-26 

9-32 

160 0-0433 

9-79 

12-55 

60 

0-0344 

8-36 

9-75 

240 0-0460 

11*94 

15*98 


The initial concentrations and the ranges of k (eorr.) and k (N. and 
C.) in three similar experiments were : 

o = 0*050, 6 = 0-050, k (corr.) = 8-45—10-25, k (1ST. and C.) = 9-40—21*77 

0-050, 0-025, 9-49—11-46, 9-75—13-73 

0-025, 0-050, 8-61— 9-48, 9-64—32-52* 

* These figures refer only to the first half of the reaction, as Noyes and 

Cottle’s formula cannot be applied after the point of half-decomposition 
(compare p. 889). 

Values calculated from the bimoiecular formula are in all cases 
far from constant. 

The following table gives the velocity coefficients, calculated from 
the correct formula, corresponding to the times of half-decomposition. 


a . 0-100 0-050 0-050 0-025 

b .. 0-050 0-050 0-025 0*050 

k .. 8-3 8-5 9-7 9-4 


These figures indicate that, whilst the reduction of a silver salt 
in dilute solution by a formate is not a rigid termoleeular reaction, 
yet, both from the point of view of the constancy of the values in 
any one experiment and from the slight variation in the magnitude 
of the constant with change in initial concentration of the reactants, 
it appears that the reaction is essentially one of the third order. 


Summary . 

The correct velocity equation has been deduced for those ter¬ 
moleeular reactions in which two molecules of one of the reactants 
take part in the change. 

Infinite proof has been advanced that the reduction of silver 
acetate by sodium formate is essentially a reaction of the third order. 
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The author wishes to express his indebtedness to Professor 
Sir James Walker for the interest he has taken in this work and for 
much helpful criticism and advice. 

University or Edinburgh. [ Received , January 21 th , 1926.] 


CXXIII .—The Relative Concentrations of Various 
Electrolytes required to salt out Soap Solutions . 

By James W i lli a m McBain and Albert Vincent Pitter. 

In a series of papers from this laboratory on the soap-boiling 
processes, it has been shown that there is a remarkable family 
likeness between the various soaps, whether pure, mixed or com¬ 
mercial, and that they differ in degree rather than in kind (McBain 
and Burnett, J., 1922, 121 , 1320; McBain and Langdon, J., 1925, 
127 , 852; McBain and Elford, this vol., p. 421; McBain and Walls, 
Fourth Report on Colloid Chemistry of the Brit. Assocn. for the 
Advancement of Science , 1922, 244; McBain, Chap, in Vol. I of 
J. Alexander’s forthcoming treatise on Colloids). 

It has been shown that the phase-rule equilibria for each soap 
or mixture of soaps are affected in the same way by various salts ; 
so that numerical ratios exist between the concentrations of 
individual salts required to produce the same effect upon any soap. 
Further, the effects in a mixture of electrolytes are additive. Like¬ 
wise, the behaviour of a mixture of soaps seems to be approximately 
that expected from their respective constituents, apart from 
formation of curd or crystals. 

Hence in order to be able to predict the concentration of any 
salt, or mixture of salts, required to obtain a specified equilibrium 
in any soap or mixture of soaps, two things are necessary. First, 
sufficient points must be established for the phase-rule diagram of 
each pure soap, using any one salt. Second, the numerical ratios 
between the concentrations of various salts required to produce a 
given salting out must be established with one concentration of any 
one soap. It is the object of the present communication to obtain 
the numerical ratios between various salts, using in every case 
0-25V*(weight normal)-sodium palmitate and making the definite 
comparison at 90°. 

E XP ERIMENTAL. 

The method used has been sufficiently described in the papers 
previously mentioned. It depends on the separation of two isotropic 
liquid layers from one homogeneous liquid on gradual cooling from 
high temperatures. 
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0'25^-Sodiuiii palmitate solutions were sealed up in strong glass 
tubes with various weights of specimens of the purest salts obtain¬ 
able, and heated (in many cases far above the boiling point) until 
the contents of the tube were seen to be clear and perfectly homo¬ 
geneous- They were then cooled slowly in a bath of glycerol until 
separation occurred. The experiments were carried out at different 
times during the past 5 years by C. S. Adams, L. S. Staddon, and 
the authors, with different samples of sodium palmitate, but the 
whole work was repeated this year by one of us (A. V. P.), using 
three different specimens of soap. 

The results are in the following tables, all the qualitative observa¬ 
tions of appearance, etc., being suppressed for lack of space. 

Concentrations are given in every case in weight normality (N w ) 
defined here as g.-mols. (not equivalents) per 1000 g. of water. The 
data are also given in g. per 100 g. of total system. 

Table I gives results obtained with a sample (a) of ordinary 
sodium palmitate obtained from Messrs. Kahlbaum in March, 1925. 
It was shown to be the sodium salt of a mixture of fatty acids of 
mean molecular weight about half-way between palmitic and stearic. 

Table II gives results obtained with a sample (6) of pure sodium 
palmitate specially prepared by Messrs. Kahlbaum in September, 
1925. Analysis showed it to contain 0-0081 equivalent excess 
alkali per mol. 

Table HI gives results (c) obtained by making up the systems 
with palmitic acid * f Kahlbaum ” and sodium hydroxide solutions, 
by the method of Bunbury and Martin (J., 1914,105, 417). 

Table IV compares the concentrations of the various salts in 
mols. and in % by weight required to salt out at 90°, sodium chloride 
being taken as standard= 1 *00. 

Table I. 

Minimum concentrations of various salts required to salt out solutions 
of Q*25Nvr sodium palmitate. March sample (a) — impure . 
Sodium hydroxide. 

N ... 0-933 M0 M0 Ml 1-17 1-30 

Temp. — 87 87-1 90 105-5 131-2° 

Sodium nitrate. 

N „ ... 0-951 1-02 1-199 1-336 

Temp. 80-7 108 151-8 173-6° 

Sodium chloride. . 

N* ... 0-873 0-913 0-915 0-942 0-985 1-004 1-098 1-099 1-253 

Temp. 80-3 97-5 111 119-7 128-5 134-2 156-9 157-5 178-1° 

Sodium acetate. 

Nu ... 0-796 0-839 0-872 0-895 0-992 1-0471 M2 1-23 

Temp. 83 93 96-8 101 124-5 135-2 146 158° 
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Table II. 

Minimum concentrations of various salts required to salt out solutions 
of Q-25Nw-sodium palmitate . September sample (6)— pure. 
Sodium hydroxide. 

N w ... 0*994 1*130 1*214 1*303 1*337 

Temp. — 91*7 10S 129*3 138° 

Sodium nitrate . 

AT* ... 1*05 1*110 1*22 1*302 

Temp. 87 114 148*9 164*3° 

Sodium chloride . 

N m ... 0*955 0*971 0*999 1*110 1*199 

Temp. 89*6 98*5 105*5 135*3 157° 

Sodium iodide ,* 

N„ ... 0*802 0*844 0*872 0*887 0*905 0*987 

Temp. 67*4 70*4 74*2 75*5 89*5 106*5° 

Sodium bromide . 

N w ... 0*865 0*895 0*920 0*955 0*966 0*986 0*982 1*109 1*20 

Temp. 77 92 93 109*3 111*5 118 120*4 154*5 172° 

Sodium acetate . 

... 0*821 0*900 0*966 1*00 1*063 1*128 1*305 

Temp. 75 91*7 102-5 108 123 133 154° 

Sodium carbonate . 

... 0*887 0*897 0*933 0*953 0*983 0*995 1*064 1*064 1*107 

Temp. 90 91 106*7 110*8 118 120*3 136 137*6 143 

N m ... 1*157 1*211 

Temp. 153 159*6° 

Sodium sulphate. 

... 0*826 0*904 0*963 0*997 1*074 Ml 1*18 

Temp. 90 103*5 119*7 134 147*5 151*6 164*5° 

Sodium tungstate . 

N w ... 0*651 0*700 0*738 0*801 

Temp. 93*8 114*4 132 153° 

Sodium tartrate. 

... 0*634 0*676 0*699 0*757 0*778 0*790 0*903 

Temp. 85 104*5 115 137*2 141 151*5 176° 

* A different sample of sodium palmitate was used in this ease. 

Table III. 

Minimum concentrations of various salts required to salt out solutions 
of Q-25Nv-sodium palmitate . Pure samples (c) prepared from 
palmitic acid €£ Kahlbaum ” and sodium hydroxide solution . 
Sodium hydroxide. 

N„ ... 1*097 1*127 1*253 1*341 

Temp. 86*3 97*3 121 138*4° 

Sodium chloride . 

N w ... 0*965 1-00 1*017 1*044 1*116 M99 

Temp. 92*6 105*5 114 120 140*7 161° 

Sodium thiocyanate . 

N m ... 0*757 0*814 0*950 1*027 

Temp. 86 110*5 146 173*3° 
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Table IV. 

Minimum concentrations of various electrolytes (hydroxide and salts 
of sodium) required to salt out 0*2 SN^solutions of sodium palmitate 
at 90° (sodium chloride— 1*00). 


Conen. reqd. Ratio. 


Electrolyte.* 

Mol. wt. 

N„. 

% by wt, 

AVAV 


% : %- 

Hydroxide. 

. 40-01 

(1*110) 

(a) 

3-99 


1*24 


0*86 



1-127 

(b) 

4-05 


1*18 


0*82 



1*106 

(0) 

397 


1*16 


0*80 





Mean 

1*19 

Mean 

0*83 

Nitrate . 

. 85-01 

(0-970) 

(a) 

7-16 


1*08 


1*54 



1*056 

(b) 

7-74 


Ml 


1*56 





Mean 

M0 

Mean 

1*55 

Chloride .. 

. 58-45 

(0-895) 

(a) 

4*66 


1*00 


1*00 



0-953 

(b) 

4*95 


1-00 


1*00 



0-955 

(o) 

4-96 


1-00 


1*00 





Mean 

1-00 

Mean 

1-00 

Iodide.. 

. 149-9 

0-905 

(d) 

11-27 


0-95 


2*19 

Bromide .. 

. 102-9 

0-898 

(b) 

7-95 


0*94 


1*61 

Acetate .. 

. 82-02 

(0-83S) 

(a) 

6-03 


0-94 


1*30 



0-895' 

(b) 

6-42 


0-94 


1*30 





Mean 

0-94 

Mean 

1*30 

Carbonate ....... 

106-0 

0-887 

(b) 

8-08 


0*93 


1*63 

Sulphate . 

.. 142-1 

0-826 

(b) 

9-89 


0-87 


2*00 

Thiocyanate .... 

.. 81-07 

0-763 

(e) 

5-46 


0-80 


M0 

Tungstate . 

.. 294 

0-645 

(b) 

15*1 


0*68 


3*04 

Tartrate. 

.. 194-8 

0-645 

(b) 

10-46 


0*68 


3*12 


(a) = March sample of sodium palmitate (impure). 

(b) — September sample of sodium palmitate (pure). 

(c) = Sodium palmitate prepared from palmitic acid “ Kahlbaum ” and 
sodium hydroxide. 

* Sodium fluoride also was tested, but it was not sufficiently soluble to 
salt out the palmitate at 90°. 


The electrolytes used, with the exception of sodium thiocyanate, 
were dried by heating at 120—130°. The sodium thiocyanate was 
dried to constant weight in a vacuum over calcium chloride at room 
temperature. 

All our numerical results are summarised in Table IV, showing 
the absolute and relative amounts of the various electrolytes 
required to salt out sodium palmitate at 90°. 

The only published data of sufficient accuracy by which to check 
our results axe those from the Karlsruhe laboratory, which are based 
upon ratios obtained by Richert ( Dissert Karlsruhe, 1911} for 
carbonate and hydroxide. He found, for various soaps, that 
1*01 mols. of carbonate and T27 equivalents of hydroxide had the 
same effect as 1 equivalent of sodium chloride, whereas we have 
found 0*93 and 1*19, respectively. The divergence from our results 
amounts to about 6%. 
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To show the effect of temperature upon the various electrolytes 
the results have been plotted in Fig. 1. The figure shows that the 
ratios are not quite constant and independent of temperature, 
although the deviation does not exceed about 6%. This gives a 
second measure of the extent to which these data are generally 
valid, and they are borne out by an analysis of our unpublished data 
on commercial oils and fats as well as other results from the Karls¬ 
ruhe laboratory and also the well-known data of Merklen. 

An immense amount of information can be derived from these 
approximate numerical ratios which enables prediction to be made, 
well within 10%, of the maximum concentration of salts which 

Fig. 1. 


Concentrations of electrolytes required to salt out 0>25 ‘N w -sodium palmitate. 



Concn. of electrolyte {mols. per 1000 g. of water). 

(The crosses indicate results obtained with solutions lade up from 
palmitic acid ** Kahlbaum .”) 


may be added to any soap solution without salting it out. They 
enable all the complicated mixtures used in commercial soap boiling 
to be reduced to a common basis for comparison and control. 
Taken in conjunction with the equilibrium diagrams now becoming 
available for pure and commercial soaps, whether derived from 
sodium or potassium, they facilitate the approximate prediction 
of the concentration of any mixture of electrolytes required to 
produce a given effect. 

Perhaps the most unexpected feature of Table IV is that, as a 
first approximation, the salts do not replace each other equivalent 
for equivalent, but rather mol. for mol. irrespective of their valency. 
For example, sodium thiocyanate comes, in this respect, between 
sodium sulphate and sodium tungstate; and one mol* of sodium 
carbonate exactly replaces one equivalent of acetate or iodide* 

The results here discussed bear no relation whatsoever to the 
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Hoffmeister series, as may be seen from the order of the electrolytes 
in Table IV. Equally, the results are at variance with what might 
have been expected from the equation of the Donnan equilibrium, 
since here the order of the electrolytes is irrespective of their 
valency. 

The most comparable factor common to all the salts seems to 
be the concentration of the sodium ion. Although no data are 
available for the actual mixtures in the soap solutions, yet this 
point may be brought out from an examination of such conductivity 
data for aqueous solutions of pure electrolytes as are given in 
Landolt-Bornstein-Roth’s “ Tabellen. J> The concentration of the 
sodium ion for all the electrolytes except the acetate, thiocyanate, 
carbonate, tartrate, and hydroxide is almost exactly two-thirds 
normal, whereas for these five cases it is 0-5A 7 w , 0*54A T V , 0-58V w , 
0*76A T W , and 0*8 N Wt respectively. It is clear, therefore, that the 
equilibria are not exclusively determined by the degree of dissoci¬ 
ation into sodium ion, although this is predominant. Matters are 
not improved by an attempt to substitute for concentration of 
sodium ion, its activity. The data are available for the chloride 
and hydroxide and the activities are proportional to the total 
concentrations required to produce the same effect, whereas they 
should have been inversely proportional, thus revealing a dis¬ 
crepancy of about 40%. 

Summary . 

1. Measurements have been made of the relative salting-out 
action of eleven different electrolytes on soap solutions. 

2. With the aid of numerical ratios derived therefrom it is pos¬ 
sible to compare, predict, and control all the various equilibria 
obtained with pure and commercial soaps with any mixture of 
electrolytes to within an accuracy of about 5 to 10%. 

University op Bristol. [Received, January 25 th, 1926.] 


CXXIV .—Hydrofluozirconic Acid and the Analysis of 
Zirconium Fluoride . 

By Edmund Brydges Rtjdhall Prideattx and Edwin 
Claxton Borer. 

This investigation was undertaken with the object of verifying, or 
disproving, the existence of an acid fluoride of zirconium, or a 
hydrofluozirconic acid. Preliminary work on the ordinary hydrated 
fluoride led to results which do not altogether agree with those 
previously recorded. These previous results, so far as they are 
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relevant, may be summarised as follows. The evaporation of a 
solution of zirconium dioxide in hydrofluoric acid yields triclinic 
tablets, which, when dried to constant weight in air, consist of the 
trihydrate, ZrF 4 ,3H 2 0 (Chauvenet, Compt. rend., 1917, 164, 727). 
This compound begins to be dehydrated at 100°; at 140° it loses 
2 mols. of hydrogen fluoride, giving the dihydrate Zr0F 2 ,2H 2 0, and 
above 140° it becomes converted into ZrOF a . In the cold, this 
absorbs hydrogen fluoride, giving the monohydrate or ZrOF 2 ,2HF. 
A solution of the latter in water slowly deposits a substance which, 
when dried to constant weight, has the composition Zr0F 2 ,2H 2 0, 
and at 120° is converted into ZrOF 2 . 

Our experience supplements, and leads us to criticise, these results. 
Evaporation of solutions containing fluorides of zirconium yields 
only powders of indefinite composition, unless the evaporation is 
carried out at the ordinary temperature and under reduced pressure. 
The large crystals thus obtained cannot be dried in air to constant 
weight without decomposition of the surface layer, since they con¬ 
tinually give off hydrogen fluoride. They must therefore be dried 
quickly and kept enclosed in waxed tubes. Compounds intermediate 
between the trihydrate and the oxyfluoride may exist, but the 
isolation of these would require a careful study of the partial 
pressures of hydrofluoric acid and water. Compounds of constant 
composition are not likely to be isolated simply by (hying or heating 
to constant weight in contact with the atmosphere. The oxyfluoride 
is not obtained by heating the trihydrate in air above 140° for any 
reasonable time; the weight may become constant, but is greater 
than is required for this compound (vide infra). Further, it cannot 
be considered that the composition of any of these compounds is 
established by means of the zireonia content alone. There is no 
evidence in the work of Chauvenet (loc. cit.) that any analysis has 
been attempted beyond the obvious and comparatively easy estim¬ 
ation of zireonia. We have found that none of the methods of 
estimating hydrogen fluoride was satisfactory in the presence of 
dissolved zirconium compounds. It has been necessary to devise a 
new method, which was first tested with potassium hydrogen 
fluoride and then applied to the best authenticated compound, 
ZrF 4 ,3H 2 0. This compound, crystallised under the conditions 
mentioned above, appears as transparent or translucent, polygonal 
plates, the sides of which contain characteristic angles, 109° 113° 

121°, 126° ± 1°. V 

Analysis.—The calcination of this compound to oxyfluoride, with 
subsequent ignition to dioxide, requires some care, since a part 
may sublime, if it is heated too rapidly, either as the oxyfluoride or 
the tetrafluoride. After being gently heated in a covered crucible, 
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it was converted into the sulphate and then ignited to constant 
weight. Freshly-prepared crystals gave, as the mean of five 
analyses, 36*3% Zr, the extreme values being 34*4 and 38*0%. 
They thus appear to be more highly hydrated than the trihydrate, 
which requires 41-0%, or even than the tetrahydrate, which would 
require 38*0% Zr. Later preparations agreed more closely with the 
composition of the trihydrate. The necessity for determi ni ng 
another constituent was evident, and an apparatus was constructed 
in which the hydrogen fluoride could be volatilised. This consisted 
of a copper tube having an internal diameter of about i inch, which 
was cut with a special reamer and ground to fit a conical platinum 
stopper. This was continued as a platinum delivery tube which 
dipped in standard alkali. The platinum boat containing the com¬ 
pound to be analysed was placed in the copper tube close to, and 
partly entering, the platinum stopper. A current of dry air, or, in 
later experiments, superheated steam, was passed through the tube. 
The hydrofluoric acid evolved was absorbed in the alkali without 
loss, as was proved by analyses of potassium hydrogen fluoride. 

Remits of Analysis .—Samples A and B were prepared at different 
times but had the same composition. The rest were all taken from 
one preparation. A was first heated in air, the rest in steam. 
The relatively small amount of hydrogen fluoride which can be 
obtained by heating in air is noteworthy. The manner in which 
hydrolysis proceeds during the heating was determined by weighing 
the residues and titrating the hydrofluoric acid at various stages. 
When the compound was heated in dry air it lost hydrogen fluoride, 
which was formed by hydrolysis with the contained water, and also 
some of this water. The residue, when heated in undried air, lost 
no appreciable weight but gave off more hydrogen fluoride. In this 
case, more of the fluoride must have been hydrolysed, but by external 
water, some of which was retained : ZrFa+HgO = Zr(0H)F 3 +HF. 

A portion of the residue was ignited to dioxide as described above. 
The hydrogen fluoride driven off by this operation may be calculated 
on the assumption that the compound is hydrolysed (a) by its 
own water, or (6) by external water. These two estimates, when 
added to the hydrofluoric acid titrated, furnish the two values in 
the last line of the table. The uncertainty arises from the fact that 
it is not possible, by the strongest heating which the apparatus 
permitted (between 300° and 400°) in a current of air, to drive off 
all combined hydrogen and to convert all the compound into ZrOF 2 . 
The ratio of the weight of zireonia to that of the product heated in 
the tube was 0*77 instead of 0*8473 = Zr0 2 /Zr0F 2 . When steam 
was used the hydrolysis was more complete. Sample 0 lost both 
hydrogen fluoride and water, the ratio of ignited zireonia to steam- 
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heated product being now 0*823. In the case of sample D, the ratio 
was 0*836. The percentages of hydrogen fluoride will accordingly 
be nearer to the higher value in the table. In order to obtain a 
direct titration of still more hydrofluoric acid, we arranged to 
hydrolyse at a higher temperature. A small platinum tube, closed 
at one end by a cap of platinum foil, was placed inside the platinum 
delivery tube, which was heated to bright redness in a current of 
superheated steam. Samples B and F were analysed by this 
method. Sample B yielded 34*0% of hydrogen fluoride when heated 
in steam below a red heat and a further 3*48% when heated to a 
bright red heat. The weight of the residue showed that it had been 
almost completely hydrolysed to oxide. In calculating the results, 
the quantities of zirconia and hydrogen fluoride were added together, 
and the water was obtained by difference. 


A. B. C. D. E. F. 

%ZrC 2 . 58-8 57-6 53-9 54-0 (54) (54) 

% HF (titrated) .. 8-2 37-5 19-8 22-3 31*2 31-1 

%HF total 25-7- — 30*5- 32*9- — — 

(estimated). 37*8 37*5 39 41*5 — — 


The weighted mean of the zirconia in A and B is 58*5, the hydrogen 
fluoride is 37*5, the water 4*0; the composition therefore corresponds 
to ZrF 4 ,2*45^0. The preparation containing 54% of zirconia con¬ 
tains at least 31% of hydrogen fluoride in C and more than 33% in 
D. We estimate it at 35%, for the reason mentioned on previous 
page. The water will therefore be 11 *0, corresponding to ZrF 4 ,3*4H 2 0. 
Thus the crystals do contain the tetrafluoride, but the water of 
crystallisation is proved to be variable. 

The Add Fluoride .—Numerous double fluorides have been pre¬ 
pared such as 2NH 4 F,ZrF 4 ; 3NH 4 F,ZrF 4 ; KF,ZrF 4 ,H 2 0; 2KF,ZrF 4 
(Marignac, Ann. Chim. Phys ., 1860,60,271); also 2NaF,ZrF 4 (Wells 
and Foote, Amer. J. Sci. 9 1866, 3, 466). The salt 2KF,ZrF 4 is one 
of the easiest to prepare, yet even in this case a slight excess of 
potassium fluoride produces 3KF,ZrF 4 . The free acid might 
correspond to any of these salts. An acid salt is said to be deposited 
on rubbing the walls of a vessel containing a solution of zirconia in 
hydrofluoric acid (Fischer and Thiele, Z. anorg. Chem., 1910, 67 , 
309). This dissolved readily in water, but with difficulty in con¬ 
centrated hydrofluoric acid. When treated with lead carbonate, it 
gave a soluble lead salt which was believed to be PbZrF e . Some 
soluble lead salt is certainly formed when lead carbonate is added 
to any solution containing zirconium fluoride, for, after removal of 
the lead fluoride by filtration more lead may be precipitated from 
the filtrate by means of hydrogen sulphide, and the second filtrate 
contains both zirconium and fluorine. 
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A hydrofluozirconic acid is also said to be produced when hydrogen 
fluoride is absorbed by zirconium tetrafluoride (Chauvenet, loc. tit.). 
The isolation of an acid by either of these methods would appear to 
be difficult. We consider that the only method which offers any 
reasonable chance of success is to add much anhydrous hydrogen 
fluoride to a little zirconium fluoride which is already in solution. 

Preparation .—The anhydrous acid, prepared by distilling dry 
sodium hydrogen fluoride in a copper still, was condensed in a 
platinum bottle or crucible which fitted into a copper receiver. 
After addition of this to the solution of zirconium fluoride or vice 
versa, a fine, white crystalline solid was usually deposited. This was 
cooled in a freezing mixture and well stirred. The liquid was then 
decanted, and the solid washed several times by decantation with 
dry ether and pressed on filter-paper. This substance has been 
prepared on five occasions. The appearance of the crystals was 
always the same, but very different from that of the ordinary fluoride. 
Under the microscope, they were seen to be of uniform type—long 
prisms with chisel-shaped ends. On exposure they gave off hydrogen 
fluoride and became dull on the surface. In a few days the whole 
crystal became opaque. When they were dissolved in a very little 
water (in which they are extremely soluble) and treated with a few 
drops of lead acetate, the liquid remained clear. A drop of hydro¬ 
fluoric acid produced an immediate turbidity. The hydrofluozirconic 
acid was therefore not much hydrolysed. 

Analysis of the Acid Fluoride .—One of the earlier samples, weighed 
rapidly in a closed platinum crucible with a tightly fitting lid and 
then converted into zirconia, contained 46*0% Zr0 2 . In the case 
of the last sample, we were able to determine the hydrogen fluoride 
separately as described above, and to follow the course of the 
decomposition: (1) 04603 g. was heated in a current of dry air. 
The loss was 0-1359 g., of which 0-0772 g. was hydrogen fluoride. 

(2) The residue, 0-3244 g., was heated in steam. The loss was 0*0379 
g., and the hydrogen fluoride 0*03619 g. This is the stage in which 
the hydrolysis proceeds at the expense of water of crystallisation. 

(3) A portion, 0*0863 g., of the last residue, when heated in steam to 
a bright red heat, lost 0*0196 g. The hydrogen fluoride was 0*01962 g. 

(4) Another portion, 0*0911 g., ignited with sulphuric acid, gave 
0*0682 g. of dioxide. All quantities being referred to the original 
weight, the hydrogen fluoride lost in (3) is 0*0658 g., whilst the total 
loss in (4) is 0-0720 g. Since steaming at a red heat causes conversion 
nearly into Zr0 2 with a little Zr OT 2 > the final loss, 0*0720 — 0*0658 = 
0*0062 g., represents hydrogen fluoride produced by the reaction 
ZrOF 2 + H 2 G = Zr0 2 + 2KF, the water being derived from 
external sources such as the sulphuric acid. This loss must corre- 



THE MORPHEME GROUP. PART HI. 


903 


spond to a weight of hydrogen fluoride = 40 X 0*0062/22 = 0*0113 
g. The weight of zirconia calculated on the original weight of 
compound is 0*215 g., or 46*59%. On heating in dry air, 1 mol. of 
the compound loses rather more than 2 mols. of hydrogen fluoride 
and rather less than 2 mols. of water. On heating in steam, it loses 
rather more than 1 mol. of hydrogen fluoride, and, at a bright red 
heat, rather less than 2 mols. of the acid. 

Composition of the Acid .—0*4603 6. gave 0*1792 g. HF (titrated) 
and 0*0113 g. (deduced from final loss of weight), total 0*1905 g.; 
and 0*0548 g. of H 2 0 (by difference). The simplest formula cal¬ 
culated from these results is ZrF 4 ,l*5HF, 3*74H 2 0, or ZrOF 2 ,3*5HE, 
2*74 H a O. On account of the difficulty in avoiding loss of hydrogen 
fluoride during the weighing, etc., and of the hygroscopic character of 
the compound, we consider that, as originally precipitated, it would 
probably contain the extra 0*5 mol. of hydrogen fluoride and 0*75 
mol. less water, and that it would be hydrofluozirconic acid corre¬ 
sponding to the best known potassium salt, with the addition of 
about 3 mols. of water of crystallisation, i.e. 3 H 2 ZrF 6J 3H 2 0. 

One of us (E. C. R.) desires to acknowledge the continuance of a 
maintenance grant from the Department of Scientific and Industrial 
Research which enabled this work to be completed. We also desire 
again to record our indebtedness to the Royal Society for a former 
grant towards the purchase of apparatus. 

IjNivEXtsiTr College, Nottingham. [Received, December 14 ih. 1925.] 


CXXV .—The Morphine Group. Part III . The 
Constitution of Neopine . 

By Constant Rrederjk van Duin, Robert Robinson, and 
John Charles Smith. 

The rare opium alkaloid which is the subject of this communication 
was discovered by Messrs. T. and H. Smith of Edinburgh in the 
final mother-liquors from the isolation of opium alkaloids and 
separated in the form of its readily crystallisable hydrobromide. 
Dobbie and Lauder (J., 1911, 99, 34) investigated this salt and the 
amorphous base which could be obtained from it and concluded 
that neopine is a hydroxycodeine. We found that neopine hydro¬ 
bromide, for a supply of which we are greatly indebted toMessrs.T. 
and H. Smith, possessed the properties described by Dobbie and 
Lauder. The analysis, however, gave the formula C 18 H 22 03 NBr 
instead of C 18 H 22 0 4 NBr required for a hydroxycodeine hydro- 
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bromide. The free base was obtained in a crystalline condition, 
m. p. 127*5° (corr.), and was found to have the formula ^18^21^3^* 
It appeared to be an isomeride of codeine and this was confirmed by 
the examination of several derivatives. Moreover, like codeine, 
neopine contains one methoxyl group, one alcoholic hydroxyl group, 
and one methyl group attached to nitrogen. The close relation of 
the base to codeine is brought out in a very clear light by the fact 
that catalytic hydrogenation of neopine leads to the formation of 
dihydrocodeine. It will be recalled that the decomposition of codeine 
methohydroxide leads to the formation of a-methylmorphimethine, 
which is changed to an isomeric (S-methylmorphimethine by means 
of boiling alcoholic potassium hydroxide. The decomposition of 
neopine methohydroxide gives at once pure p-methylmorp him ethine. 
Neopine is thus to be regarded as (3-codeine; it stands to codeine in 
the same relationship that ft-methylmorphimethine bears to a-methyl- 
morphimethine. In Parts I and II of this series (J., 1923,123, 980, 
998) Gulland and Robinson suggested a new formula for codeine, 
but they modified this expression in a subsequent paper * (Mem. 
Manchester Phil . Soc., 1925, 69, No. 10), in that they returned to 
the view that codeine is an unsaturated substance and put forward 
the formula (I) as the best representation of the constitution of the 
base. The corresponding expressions for neopine and p-methyl- 
morphimethine (unchanged from Part I) are (II) and (III), 
respectively. 
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* This paper was read at a meeting of the Manchester Literary and Phil¬ 
osophical Society on February 7th, 1925, and a statement of the proposed 
change in the morphine formula was given in an abstract in Nature (1925, 
115, 625). The memoir could be purchased in a separate form in July, 
1925. About the same time, Wieland and Kotake {Annalm, 1925, 444, 69) 
emphasised the unsaturated nature of codeine and located the double bond 
in the new position also adopted by Gulland and Robinson. The above 
particulars are contributed in order to prove that the suggestions of Gulland 
and Robinson and of Wieland and Kotake were independent and con¬ 
temporaneous. 
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The existence of a [3-codeine might be anticipated on the basis of 
many codeine formulae, but it should be noted that neopine is less 
readily oxidised by permanganate and also less readily eatalytically 
hydrogenated than codeine. Any hypothesis, therefore, of the 
relation of codeine to neopine or of a- to j3-methylmorphimethine 
which suggests that codeine has a bridge ring that becomes an 
ethylene linking in neopine is definitely opposed to the facts. The 
only possible conclusion that can be drawn from the circumstance 
that neopine is more stable than codeine towards reagents for the 
ethylene linking is that the latter contains a double bond which 
moves, in the transformation of a-methylmorphimethine to the 
[3-isomeride, to a more sheltered position or at least to a position in 
which it exhibits a smaller degree of reactivity. 

Experimental. 

Neopine Hydrobromide. —The substance provided by Messrs. T. 
and H. Smith was anhydrous and remarkably homogeneous. It 
darkened from about 240°, became very dark at 279°, blackened at 
281°, and melted with decomposition at 282—283° (Found: Br, 
by titration, 21*1. CjgH^OgbTBr requires Br, 21*0%). The salt 
was dried at 100° for 5 hours (Found: Br, 21*1%); it was then 
recrystallised and dried at 100° for 5 hours (Found: Br, 21*1%). 
The identity of the material with that examined by Bobbie and 
Lauder ( loc . cit .) is evident from the determination of the rotatory 
power. The salt supplied by Messrs. T. and H. Smith dried at 100° 
for 5 hours had [a]g* + 17*08° in aqueous solution (c = 5*152). 
After recrystallisation and drying at 100°, we found [a]ff + 17*32° 
(c = 3*696). Dobbie and Lauder found [a]g* +17*07° (c = 
5*1884) and [a]f 17*4° (c = 5*0741). 

Neopine .—The hydrobromide was dissolved in water, decomposed 
by the addition of sufficient concentrated aqueous potassium 
hydroxide to produce an emulsion (the base is rather readily soluble 
in water), and the neopine thrice extracted with benzene. The 
benzene solutions were dried with potassium carbonate and evapor¬ 
ated, leaving a soft varnish. This was dried at about 80° and 
after some hours a crystal nucleus was noticed. On cooling and 
scratching, the whole varnish crystallised and the crude product 
had m. p. 125°. The base is best recrystallised from light petrol¬ 
eum (b. p. 80—100°) and separates in long, glistening, brittle, 
colourless needles, m. p. 127—127*5° (corr.) (Found in material 
heated at 80°: C, 72*4; H, 7*1; N, 4*6, 4*7*, 4*7*; MeO, 10-5* 
10*4*; NMe*, 5*2; M in camphor, 288. C^gH^OgN requires 
C, 72*2; H, 7*0; N, 4*7; MeO, 10*4; NMe, 5*0% ; M, 299). 

* By micro-methods. 
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In aqueous solution (c = 5*1084) the base is apparently optically 
inactive (D line at 20°), but on the addition of hydrochloric acid 
(Neop., HC1 in 0*397A r -HCl) the value [ajg* + 18*85° was observed. 
In dry chloroform (c = 7*4740), we found [a]ff — 28*10° for the 
base. With the Froehde and Mandelin reagent, codeine and neopine 
give yellow colorations changing to blue; this change appears to 
be slower in the case of neopine. The alkaloid dissolves in water, 
and a very dilute solution does not immediately decolorise a drop 
of dilute aqueous potassium permanganate which is added to it. 
Under similar conditions, codeine rapidly reduces the oxidising 
agent. 

Acetylneopine. —A hydroxycodeine has the same state of oxidation 
as thebaine, and before we were aware of the true composition of 
neopine an attempt to degrade it was made under the conditions 
of the preparation of diaeetylthebaol from thebaine, but the result 
was negative. Neopine (4 g.) was acetylated in 2 hours with 
boiling acetic anhydride (15 c.c.) in presence of anhydrous sodium 
acetate (2 g.), and the resulting solution added to water and rendered 
alkaline by means of sodium carbonate. The base, isolated by 
means of ether, was obtained as a pale yellow varnish which has not 
yet been crystallised [Found: CH 3 -CO, 12*7 (by A. G. Perkin’s 
method; J., 1905, 87, 107). requires CH 3 *CO, 

12*6%]. Aeetylneopine combines very readily with methyl iodide 
in methyl-alcoholic solution; the product crystallises from methyl 
alcohol in long, glistening needles which probably contain solvent 
of crystallisation, since they lose their lustre on heating. Acetyl- 
neopine methiodide darkens at 250° and has m. p. 256—257° (decomp.; 
eorr.) (Found in material dried at 95—100° to constant weight: 
C, 52*4; H, 5*5; I, by titration, 26*15. C 21 H2 6 0 4 NI requires 

C, 52*2; H, 5*4; I, 26*3%). 

Catalytic Hydrogenation of Neopine mth Formation of Dihydro¬ 
codeine. —The reductions were carried out at the ordinary temper¬ 
ature in a vessel filled with hydrogen and provided with a stirrer. 
Codeine (5 g.) dissolved in water (50 c.c.) and acetic acid (2 c.c.) 
absorbed in 25 minutes 385 c.c. of hydrogen in presence of colloidal 
palladium (from 10 c.c. of 0*5% palladous chloride *). This was 
equivalent to 370 c.c. at N.T.P. The volume theoretically required 
for the saturation of one double bond is 375 c.c. The isolated pro¬ 
duct had at first m. p. 55° and was dried at 110°. It then melted 
at 112—113° (corr.) after crystallisation from water containing a few 
drops of methyl alcohol. This was the highest value that could be 
obtained. Skita and Frank (Ber., 1911, 44, 2865) gave the m. p. 

* The solution employed in both reductions contained also 0*5% of gum 
arabic. 
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of dihydrocodeine as 65°, whilst Freund (J. pr . OJiem. } 1920, 101, 
12) gave 86—88°. Oldenburg (D.R.-P. 260,233) also quoted the 
value 62—63°. Mannich and Lowenheim (Arch. Pharm 1920, 
258 , 304) showed that dihydrocodeine with 23^0 melts at 55° 
or 88°, whilst the anhydrous substance has m. p. Ill—112°. Wie- 
land and Koralek (Annalen, 1923, 433, 269) crystallised the base 
from 80% methyl alcohol, a process which we cannot repeat, and 
gave the m. p. 112—114°. 

A solution of neopine (2-5 g.) in water (25 c.c.) and acetic acid 
(1 c.c.) containing colloidal palladium (5 c.c. of 0*5% palladous 
chloride) was stirred in hydrogen, when the palladium was at once 
flocculated. More palladous chloride solution (10 c.c.) was added, 
but flocculation again occurred. In about 15 hours, 180 c.c. of 
hydrogen were absorbed (equiv. to 176 c.c. at N.T.P .; calc., 185 c.c.). 
The base was rendered to chloroform from the filtered solution and, 
after removal of the solvent, the residual oil crystallised when 
inoculated with dihydrocodeine (variety, m. p. 55°). This material 
melted at 51—53°, but after resolidification it had m. p. 81—84° 
and after (hying at 80° for 1 hour the m. p. was 110—111°. After 
crystallisation from water containing a few drops of methyl alcohol, 
the substance dried at 80° had m. p. 112—113° (corr.) (Found: 
C, 71-5; H, 7*9. Calc, for G ls B^O^: C, 71*7; H, 7*7%). 
Approximately equal quantities of dihydrocodeine, m. p. 112—113°, 
and dihydroneopine, m. p. 112—113°, were melted together on a 
watch glass. The mixture rapidly crystallised on cooling and had 
m. p. 112—113°. 

Conversion of Neopine into [3 - Methylmorphimeth ine .—Neopine 
combined rapidly with methyl sulphate in benzene solution to a 
methosulphate , which separated in a resinous condition. It was very 
deliquescent and readily soluble in water and on the addition of 
potassium hydroxide to the solution no precipitation occurred. 
On boiling, the methine suddenly made its appearance as oily drops, 
and these crystallised at once even in the hot liquid on the intro¬ 
duction of a crystal of (3-methylmorphimethine. We are greatly 
indebted to Dr. R. S. Cahn for a specimen of pure p-methylmor¬ 
phimethine. The neopinemethine crystallised from alcohol in 
large, twinned, rhombohedral prisms, m. p. 135°, and at the same 
temperature when mixed with p-methylmorphimethine. It dis¬ 
solved in sulphuric acid to a deep crimson solution, which became 
royal blue on heating and on dilution with water, green and then 
yellow with an intense green fluorescence. This reaction is charac¬ 
teristic of p-methylmorphimethine. 

Neopinemethine methiodide was prepared from the methine before 
the latter had been crystallised. The substance crystallised from 



908 


CAHN AND ROBINSON : THE MORPHINE GROUP 


water in glistening needles, m. p. 291° (decomp.) after darkening from 
260° (Found: I, 27*8. Calc., I, 27*9%). Knorr and Smiles ( Ber ., 
1902, 35, 3010) and Knorr and Hawthorne (Ber., 1902, 35, 3012) 
found that ft-methylmorphimethine methiodide had [a]g* +233° 
(c = 0*6) in 97% and 90% alcohol. Solutions of neopinemethine 
methiodide having a similar concentration crystallised on cooling, 
but we now know that neopinemethine is ft - methylmorphimethine 
in an exceptionally pure condition. We found that neopinemethine 
methiodide had [a]§’ + 241*1° (c = 0*506) in absolute methyl 
alcohol and [oe]§* + 262*0° (c — 0*3) in 90% ethyl alcohol. 

We desire to thank the Ramsay Memorial Trust for a Fellowship 
(Netherlands) which enabled one of us to take part in this investig¬ 
ation, and for a similar reason we are also grateful to the Boyal 
Commissioners of the Exhibition of 1851 for a Scholarship, 

The Uxiveksities of St. Andrews and Manchester. 

[Received, February 3 rd 9 1926.] 


CXXVL —The Morphine Group. Part IV. A Netv 
Oxidation Product of Codeine. 

By Bobert Sidney Cahn and Bobert Robinson. 

The secondary alcohol codeine can be oxidised to the corresponding 
ketone by means of chromic acid or of potassium permanganate in 
acetone solution, and apart from the hydroxyeodeine which accom¬ 
panies codeinone in the former case (Ach and Knorr, Ber., 1903, 
36, 3067) no other products of direct oxidation of the base have 
been described. This has perhaps led to the impression that the 
attack of oxidising agents is invariably on the alcoholic group, 
although attention has occasionally been directed to the fact that 
the sensitiveness of codeine to permanganate is greater than that 
of any known saturated alcohol and strongly suggests the existence 
of an etbenoid group in the molecule (compare Wieland and Kotake, 
Annalen, 1925, 444, 69; Gulland and Robinson, Mem. Manchester 
Phil . Soc. 3 1925, 69, No. 10). The remarkable ease with which 
codeine may be converted into a dihydro-derivative by catalytic 
hydrogenation is in harmony with this hypothesis, and we now 
bring forward further evidence tending in the same direction. The 
action of potassium permanganate on codeine (I) in very dilute 
aqueous solution leads to the addition of two hydroxyl groups to 
the molecule and the product is dihydroxydihydrocodeine (H), 
This substance yields a basic triacetyl derivative and its form- 
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ation demonstrates the existence of an ethylenic linking in codeine. 
The position chosen for the double bond in (I) is that independently 
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selected by Wieland and Kotake and by Gulland and Eobinson for 
different reasons. It is especially required to explain the codeine- 
if ;-codeine change (analogy to geraniol-linalool) and the reactivity 
of the chlorine atom of chlorocodide (analogy to allyl chloride and 
benzyl chloride). A possible objection (compare Gulland and 
Eobinson, loc. cit.) is that i^-codeinone reacts with benzaldehyde as 
if it contained the group -CH^CO, whereas it should contain 
•0*CH’CHICH'C0* on the suggested basis. The difficulty is re¬ 
moved by recognising the following system of tautomerides : 

•ch*ch:ch«co ^ •c:ch*ch:c(oh)* ^ *c:ch*ch 2 -co- 

which might be equilibrated in presence of alcoholic potassium 
ethoxide or similar reagents. Although it seems probable that 
general agreement will soon be reached in regard to the occurrence 
of the group •CH(OH)*CH!CH> in codeine and its isomerides, and 
the morphine problem will be to that extent simplified, there is 
still room for differences of opinion in regard to the point of attach¬ 
ment of the ethanamine chain. Wieland and Kotake (toe. cit.) 
have noted that some substances which on the basis of (I) should 
contain the group -CHg'COGH^ nevertheless have only one reactive 
position * and prefer the formula (HI) for codeine. 

On the other hand, a consideration of the behaviour of the un¬ 
saturated centres in the methylmoiphimethines appears to us to 
provide further evidence favouring the formula (I). If ( TTT ) repre¬ 
sented codeine, we imagine that p-methylmorphimethine would be 

* The attachment of the ethanamine chain in position 13, as in (I), was 
not based on the production of dipiperonylidene derivatives of thebainol and 
dihydrothehainone but on the arguments put forward in Fart I of this series, 
to which, with the modification made in our note in the Manchester Memoirs, 
we adhere.—J. M. G., R. R. 
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(IV), a naphthalene derivative. That the bond migrating from tbe 
position 7—8 should halt in the position 8—14 and not proceed to 
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13—14, where it assists in the formation of a new aromatic nucleus, 
seems highly improbable. Now (3-methyImorphimethine appears 
to contain non-aromatic unsaturated centres, since it very readily 
reduces permanganate, more readily than neopine * does, and on 
catalytic hydrogenation gives a 9:10-dihydro-derivative (von 
Braun, Festsckr. phys. Ver. } Frankfort a. M., 1924, Sept.; Cahn, 
Dissert Frankfort, 1925). The formula (I), on the other hand, 
affords a satisfactory explanation of the relations of codeine, 
neopine, and a- and p-methylmorphimethines. 


Experimental. 

Dihydroxydikydrocodeine (33).—An aqueous solution of potassium 
permanganate (332 c.c. of 1%) was added during 1-5—2 hours to a 
mechanically stirred solution of codeine f (10 g.) in water (1500 c.c.) 
mixed with ice (500 g.) and cooled in an ice-bath. The manganese 
dioxide was precipitated from the colloidal solution by passing 
carbon dioxide for J hour and stirring for a further equal period, 
and the almost colourless filtered liquid was then concentrated to 
about 400 c.c. by distillation under diminished pressure. Much 
frothing and decomposition occurred. By means of ether codeine 
(1*4—1*6 g.) was extracted from the dark brown solution, which 
was then concentrated to about 40 c.c. and treated with saturated 
aqueous potassium carbonate (150 c.c.), a semi-solid, almost black 
material being precipitated. The mixture was twice extracted with 
200 c.c. of chloroform, and the solutions were dried with sodium 
sulphate and evaporated, leaving 5 g. of an amorphous, hygro- 

* ft-Methylmorphimethine is also neopinemethine (Van Duin, Robinson, 
and Smith, this voi., p. 903). 

f A similar experiment was carried out with ^-codeine, but necessarily in 
much more dilute solution owing to the sparing solubility of the base in cold 
water. A large fraction of the ^-codeine was recovered and no other 
crystalline product was isolated. 
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seopic, dark brown residue (A), which was taken up in dry ethyl 
alcohol (15 c.c.). Crystallisation was induced by rubbing and after 
some hours the crude base (1*2 g. or 11-5%) was collected and 
twice recrystallised from absolute alcohol (yield 0*6 g.) in colour¬ 
less, glistening, diamond-shaped plates, m. p. 208—209° (Found in 
material dried in a vacuum at 100°: 0, 64*8; H, 7*0; N, 4*5; 
MeO, 9*4. CigH^OgN requires C, 64*8; H, 7*0; N, 4*2; MeO, 
9*3%). This substance is easily soluble in water to strongly alkaline 
solutions but, when pure, it is not very hygroscopic; it is sparingly 
soluble in ether and benzene and in cold anhydrous methyl or ethyl 
alcohol. The base does not exhibit many of the colour reactions 
characteristic of codeine; with Froehde’s reagent, it yields a yellow 
solution which becomes brown on warming, and with Mandelin’s 
reagent it gives a brown solution which on gently warming becomes 
light green. Unlike codeine, it is only slowly attacked by potassium 
permanganate in dilute aqueous solution. The salts of this base, 
including the methiodide, were not obtained in a crystalline con¬ 
dition. As the substance has the same state of oxidation as 
codeinone and thebaine, a specimen was submitted to the action 
of hydrochloric acid under the conditions which are employed for 
the preparation of thebenine from thebaine, but no change occurred. 
The low yield of the trihydroxy-base is probably due to side 
reactions, further oxidation and possibly the production of stereo- 
isomerides. 

The triacetyl derivative is characteristic and may be most con¬ 
veniently obtained from the material (A) mentioned above. 3 G. 
of this, heated with acetic anhydride (30 c.c.) for 75 minutes on 
the steam-bath, gave a brown solution which was decomposed with 
water, rendered alkaline by ammonia and extracted with chloro¬ 
form. After removal of the solvent the residue was dissolved in 
methyl alcohol (10 c.c.) and the crystals which separated on cooling 
were collected (0*3 g.) and recrystallised from methyl alcohol in 
colourless plates, m. p. 200° (Found in material dried at 100° over 
phosphoric anhydride in a vacuum: C, 62-9; H, 6*6; N, 3*3. 
C^H^OgN requires C, 62*7; H, 6*4; N, 3*1% and C^H^O-yN 
requires C, 63*3; H, 6*5; 1ST, 3*4%). As the analytical results 
were in approximate agreement with the theoretical requirements 
of the formulae of both the diacetyl and the triacetyl derivative of 
the parent base, it was vitally important to estimate the acetyl 
groups directly. We are greatly indebted to Professor K. Freuden- 
berg and Dr. E. Weber, who have kindly carried out the estim¬ 
ations by a new micro-analytical method (Freudenberg, Annalen, 
1923, 433, 230; Freudenberg and Weber, Z. angew. Ghem.> 1925, 
38,280) [Found: CH 3 *CO, 27*93,27*78,27*87. G^B^O^iGO-GR^ 
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requires CH 3 *CO, 28*09%]. The acetyl groups were somewhat 
resistant to hydrolysis, and two distillations were necessary; the 
standard process gave CH 3 *C0, 24*6%. This might suggest that 
one o£ the acetyl groups is attached to nitrogen, were it not for the 
fact that the substance is a strong base readily soluble even in dilute 
acetic acid. A compound identical with the above-described deriv¬ 
ative was obtained by acetylation of pure dihydroxydihydrocodeine. 

Triacetyldihydroxydihydrocodeine is sparingly soluble in water 
and in cold methyl alcohol; its perchlorate crystallises from water 
in slender, colourless needles, m. p. 281° with slight previous 
decomposition. 

We are indebted to the Department of Scientific and Industrial 
Research for grants which have enabled one of us to take part 
in this investigation. 

The Ujstvebsitt, Manchester. [Received, March 5th , 1926.] 


CXXVII .—Researches on Residual Affinity and Co¬ 
ordination . Pari XXVI . A Quadridentate Group 
in Combination with Bivalent Metals . 


By Gilbert T. Morgan and J. D. Main Smith. 

In the preceding communication of this series we showed that 
ethylenediaminobisacetylacetone, first prepared by Combes, fur¬ 
nishes a bivalent quadridentate radical which is capable of behaving 
as a fourfold associating group in co-ordination compounds of the 
metals. This fact was demonstrated by a study of the co-ordin¬ 
ation compounds of bivalent and tervalent cobalt and the investig¬ 
ation has now been extended to the corresponding derivatives of 
bivalent copper, nickel, and palladium. 

Cupric ethylenediaminobisacetylacetone, prepared originally by 
Combes (Compt. rend., 1889, 108, 1252), is a well-defined, highly 
crystalline, dark violet derivative behaving as a non-ionised complex 
containing one bivalent copper atom in combination with one 
molecular proportion of the bivalent quadridentate radical. Its 
constitution may be expressed by formula (I), in which the quadri- 




C 12 H 18 (n.) 


dentate radical is grouped round the metallic atom either tetra- 
hedrally or at lour points in one plane. It is, however, not possible 
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to decide between these possibilities, because in either case the 
co-ordination complex is unsaturated and readily takes up another 
associating unit as when the anhydrous violet copper compound 
absorbs water to pass into its dark green monohydrate (II). 

Other addenda can be added in a similar manner to the unsaturated 
complex, for when Combes’s violet compound is dissolved in ethylene- 
diamine hydrate, combination occurs with one molecular proportion 
of the solvent, giving rise to an analogue (III) of the foregoing aquo- 
derivative (II). 
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This ethylenediaminehydrato-compound, when exposed in a 
desiccator over solid caustic soda or calcium chloride, loses all its 
water and half of its ethylenediamine, giving rise to the anhydrous, 
ethylenediamine derivative (IV), in which two molecular propor¬ 
tions of Combes’s compound are associated with one molecule of 
ethylenediamine. 


(IV.) 


fg\ 

C 12 hJ g>Cu... . 


IS/ 





It is evident from the existence of these three compounds (33, 
ITT, and IV) that one characteristic co-ordination number of copper 
is 5. This conclusion is borne out by the preparation of a stable 
light green mono-quinoline derivative of copper acetylacetone, 
[Cu(G 5 H 7 0 2 ) 2 ,C 9 H 7 ISi] (V). Similar compounds are obtainable from 
ammonia and pyridine, but the derivatives of these more volatile 
bases are unstable, losing their addenda rapidly at the ordinary 
temperature. 


Co-ordination Numbers of Bivalent Copper. 

The literature of copper compounds exhibiting residual affinity 
is very extensive and furnishes many diverse examples of addenda 
in these copper derivatives varying in number from 1 to 6, with 
indications of even higher values. Among the lower values, 2 and 3 
stand out prominently and are represented by compounds suffi¬ 
ciently stable and well-defined to warrant the belief that there are 
copper complexes corresponding with co-ordination numbers 2 and 
3. There are also numerous and varied examples among copper 
compounds of the higher even co-ordination numbers 4 and 6. 

The results obtained in this investigation with regard to the 
formation of complexes with co-ordination number 5 warrant a 

HH 
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reconsideration of the constitutions often accepted for such 
substances as the following: CuC1 2j 4NB^,H 2 0 ; ChiEr 2J 51SiH 3 ; 
CuSO^SHgO; CuS0 4 ,4NH 3 ,H 2 0; (^S0 4J 5NH ? andChiS0 43 51SrB^*0H. 

In formulating these copper salts as co-ordination compounds, at 
least two alternative views present themselves. The associating 
units may be grouped exclusively round the metallic atom, giving 
rise to complex cations of the general type [Cu5X]‘* or contrariwise 
one or more molecules of the various addenda may be wholly or 
partly associated with the anions, which thus become hydrated or 
ammoniated. If the latter condition could be demonstrated in any 
of these instances, then the co-ordination number for copper would, 
in such cases, become less than 5. 

There are, however, other less equivocal examples of five associate 
ing units round copper in which the metallic atom is no longer in a 
cation but in an anion such as in pentaehlorocuprie acid, H 3 [CuC1 6 ] 
(G. Naumann, Mcmatsh 1894, 15 , 489) and in the double nitrites 
Kg[Cu(N0 2 ) 5 ] and Bb 3 [Cu(N0 2 ) 5 ] (Kurtenacker, Z. anofg. Chem., 
1913, 82 , 204) and Tl 3 [Cu(X0 2 ) 5 ] (Cuttica and Paciello, GazzeUa, 
1922, 52 , i, 141). 

Further evidence on this type of copper co-ordination is now under 
investigation, particularly in regard to complexes derived from cupric 
iodide. These results, which indicate a descent from 6 to 5 in the 
number of associating units round bivalent copper, will shortly be 
submitted. 

Electronic Structure of the Bivalent Copper Atom . 

The foregoing evidence, which points to 5 as a characteristic 
co-ordination number for bivalent copper, has been shown by one 
of us (J. D. M. S.) to be a consequence of the electronic distribution 
in atoms first propounded two years ago (Main Smith, J . Soc. Chem . 
Ind., 1924, 43 , 323). According to this general scheme, which was 
then applied to all elements, the probable structure of the bivalent 
cupric ion was shown to be 2, 224, 22445, 000, using ciphers to 
indicate the vacant sub-groups to be filled by electrons derived 
from associating units. 

Then if, in combination with a quadridentate group, each associat¬ 
ing atom of the group contributes two electrons to the three empty 
electronic sub-groups of the cupric ion, the electronic structure of 
the co-Otdimted atom will be 2, 224, 22445, 224. This arrange¬ 
ment difiers from the electronic structure 2, 224, 22446, 224 for the 
aUcm of krypton, the inert gas next higher than copper in atomic 
number, only in a shortage of one electron in the 9th sub-group, 
and this maturated arrangement may be accepted as the electronic 
structure for the co-ordinated cupric atom with co-ordination 
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number 4. If this incomplete 9th sub-group could be completed 
by the addition of a single electron (Main Smith, J. Soc. Chem. Ind ., 
1925, 44, 944) from the fifth associating unit of a copper co-ordin¬ 
ation compound, then the cupric atom of co-ordination number 5 
would possess the electronic structure 2, 224, 22446, 224, identical 
with that of the inert gas krypton. 


Co-ordination Numbers of Bivalent Nickel and Palladium . 

The bivalent quadridentate group from ethylenediaminobisacetyl- 
acetone also furnishes well-defined, stable derivatives of bivalent 
nickel and palladium. 

Nickel eihylenediaminobisacetylacetone (VI), which melts and even 
boils without decomposition providing that air is excluded, resembles 
Combes’s copper derivative and is an unsaturated substance form¬ 
ing additive compounds with two molecular proportions of ammonia 
or with one of ethylenediamine. The latter combination is the more 
stable of the two, its constitution being indicated by formula (VII). 


' / 0 ] 

(Vi.) Ki<|[ 

_ x oJ j 




Palladous ethyhnediaminobisacelylacetone (VIII) is a fairly stable, 
non-ionised complex insoluble in water but dissolving in the ordinary 
organic solvents. From these media it separates with addenda of 


crystallisation. The dichloroformo-derivative, for example (IX), 
contains two molecular proportions of solvent. 


" yO\ "j f CHd 3 y Q\ 

(VTII.) Pd<^ C 12 Hi 8 ^ ;*Pd<C^ -C 12 H 38 (IX.) 

_ V) _ Lchci 3 -' \ 0 J 

The foregoing results indicate that nickel and palladium have a 
co-ordination number 4 in their combinations with the bivalent 
quadridentate group, but these compounds are unsaturated and 
take up addenda, suggesting that bivalent nickel and palladium have 
also the higher co-ordination number 6, displayed, however, in less 
stable derivatives. 


Electronic Structures of ike Bivalent Nickel and Palladium Atoms . 

Nickel and bivalent palladium have yielded simple derivatives 
with ethylenediaminobisacetylacetone, in which the co-ordination 
number 4 is apparent as in Combes’s simple cupric compound, and 
they further resemble the latter also in being co-ordinatively 
unsaturated, yielding addition compounds with various addenda, 
such as ammonia, ethyknediami ne, and chloroform. 


EH 2 
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According to the general scheme of atomic structure above men¬ 
tioned, the bivalent nickel atom has the probable electronic struc¬ 
ture 2,224, 22444,000. If the quadridentate group, as with copper, 
adds four pairs of electrons to the three empty sub-groups, the 
electronic structure for the co-ordinated nickel atom will be 2, 224, 
22444, 224. This differs from the electronic structure for the atom 
of the inert gas, krypton, only in a shortage of two electrons in the 
9th sub-group, and this unsaturated arrangement may be accepted 
as the electronic structure for the co-ordinated nickel atom with 
co-ordination number 4. 

The electronic structure of the bivalent palladium atom in the 
above scheme is 2, 224, 22446, 22444, 000, resembling that of the 
nickel atom with the interpolation of five sub-groups 22446. If 
the quadridentate group as before adds four pairs of electrons to the 
three empty sub-groups, the electronic structure for the palladous 
atom becomes 2, 224, 22446, 22444, 224. This differs from the 
structure of the inert gas, xenon, 2, 224, 22446, 22446, 224, only in a 
shortage of two electrons in the 14th sub-group, and this unsaturated 
arrangement may be accepted as the electronic structure for the 
co-ordinated palladous atom with co-ordination number 4. 

Both nickel and palladous atoms in combination with the quadri¬ 
dentate group, however, yield addition compounds with two mole¬ 
cules or equivalents of ammonia, chloroform, and anhydrous ethyl- 
enediamine, and thus differ from the cupric compounds, which yield 
addition compounds with only one molecule or equivalent of the 
addenda. As in the case of copper, the addenda for nickel and 
bivalent palladium atoms may be regarded as due to the interven¬ 
tion of only one electron per bond, for the addenda are even more 
feebly attached to the metallic atom than in the case of copper. 
This conclusion is supported by the very numerous cases of organic 
and inorganic stable nickel compounds having the co-ordination 
number 4, which yield much less stable addition compounds having 
the co-ordination number 6. Typical examples are found in nickel 
aeetylaeetone, Ni{(OCMe) 2 CH} 25 and nickel tetrammines, Ni(NH 3 ) 4 X 2 , 
which yield much less stable addition compounds with two mole¬ 
cules or equivalents of water, ammonia or ethylenediamine. If, 
as suggested, the addenda are held by bonds of only one electron 
as in the case of copper, the addenda add only two electrons to the 
9th sub-group of the nickel structure and two electrons to the 14th 
sub-group of the palladous structure, thus yielding atomic structures 
identical in electronic arrangement with those of the inert gases, 
krypton and xenon, respectively. 

OGfflriteafcions give powerful mutual support to the view 
that the characteristic co-ordination number is 5 for the cupric 
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atom, and 6 for the nickel and palladous atoms, and to the above- 
mentioned scheme of distribution of electrons in atoms and in 
particular to the electronic structures assigned to the atoms of 
copper, nickel, and palladium. 

Constitution of Ethylenediamine Hydrate . 

It may be inferred from the knowledge that the co-ordination 
number of the cupric atom is 5 in addition compounds of cupric 
complexes with a quadridentate group, that the ethylenediamine 
hydrate addition compound herein described has the constitution 
ecCuNH^Cl^^ the ethylenediamine hydrate molecule 

not being a chelate group and being attached to the cupric atom by 
only one nitrogen atom, and the molecule of water being in con¬ 
sequence necessarily combined with the other nitrogen atom. This 
view is supported by the fact that on dehydration a compound of 
chelate ethylenediamine and the cupric atom with the co-ordination 
number 6 is not obtained. The product contains per cupric atom 
only half a molecule of ethylenediamine, which is thus still not a 
chelate group but has the two nitrogen atoms combined with 
separate cupric atoms having the co-ordination number 5. This 
product is obtained only by the loss of water and ethylenediamine 
hydrate simultaneously from two molecules of the original com¬ 
pound, thus indicating that the water molecule of the original 
compound is not in combination with the cupric atom and is firmly 
attached to only one nitrogen atom. 

Ethylenediamine hydrate is an exceedingly stable substance 
and is a base nearly as strong as the alkalis, indicating that it has the 
constitution of an ammonium hydroxide, (C 2 H 4 N 2 H 5 )OH. As 
ethylenediamine does not give rise to basic salts containing only one 
molecule of acid per molecule of base, it follows that the two basic 
ammino-groups are completely equivalent, and that separation of 
the water molecule can only be effected by acids on condition that 
both ammino-groups react simultaneously. The two ammino- 
groups consequently must equally share the single hydrogen atom 
ionised from the hydroxyl group of the hydrate, thus leading to the 
constitution [(^^(NHgjgHjOH. The graphic formula for ethyl¬ 
enediamine hydrate should thus be written: 



being a five-membered cyclic structure containing a hydrogen atom 
with co-ordination number 2. 

This formulation is in complete harmony with the known proper¬ 
ties of ethylenediamine hydrate and other polymethylenediamme 
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hydrates, and with the foregoing considerations relating to the 
ethylenediamine addition compounds of the cupric atom. 

Experimental. 

C 2 H 4 []SriC(CH 3 ) < CH;C(GH 3 )' 0--]2 = ee (dibasic acid radical of 
ethylenediaminobisacetylacetone) .* 

1. Copper Series. 

A quo-cupric Eihyleiiediaminobisaceiylacetone, H 2 0 Guec.—On 
adding a solution of ethylenediaminobisacetylacetone to an aqueous 
ammoniaeal solution of any cupric salt, glistening, bright violet 
scales of Combes’s anhydrous cupric ethylenediaminobisacetylacet- 
one, Cu ec, are immediately and quantitatively precipitated, but 
when left in contact with the mother-liquor or on exposure of the 
damp salt to moist air, the violet scales are wholly transformed into 
transparent scales varying from sage to dark green in colour. This 
green salt is the monohydrate of Combes's salt and is the sole pro¬ 
duct formed when the purple solution of Combes’s salt in acetone is 
poured into dilute aqueous ammonia solution. When the pale blue 
cupric salt of aeetylacetone undergoes prolonged treatment with 
aqueous ethylenediamine, a simple ethylenediammino-addition 
compound is not formed, although the copper salt dissolves to an 
indigo-blue solution. From this solution the green hydrate of 
Combes’s salt alone separates, the ethylenediamine undergoing 
organic condensation with two molecules of aeetylacetone, the 
animated dienolie diketone being formed in combination with the 
cupric atom by elimination of water (Found: N, 9-2; Cu, 21*0; 
loss at 100°, 6-0, C^H^GgNoCu requires 2J, 9-2; Cu, 21*0; 
H 2 0, 5-9%). 

Aquo-cupric ethylenediaminobisacetylacetone, forming large, 
black tablets, dark green by transmitted light, is insoluble in water, 
dissolves in nearly all organic solvents to form purple solutions of 
the anhydrous salt, and becomes anhydrous at 100°, but is unaffected 
by dry or moist air at the ordinary temperature. It melts at the 
temperature of the anhydrous salt, 137°, to a purple liquid, and, out 
of contact with air, boils at a high temperature without decom¬ 
position. The vapour in contact with air deposits a copper mirror 
on heated glass surfaces. 

Cupric EthyleTiediamiTiobisaceiylacetone Ethylenediamine Hydrate , 

—A hot solution of Combes’s anhydrous 
cupric ethylenediam inobisacetylacetone in ethylenediamine hydrate, 
on cooling, deposits large, grass-green plates of a new salt in which 

* certain details of preliminary work on the metallic derivatives of 
to qnadrideniate group we are indebted to Dr. H. D. K. Drew.—G. T. M. 
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one molecule of the cupric salt is combined with one molecule of the 
ethylenediamine hydrate (Found: Cu, 17*6, 174. C 14 H2 8 0 3 N 4 Cu 
requires Cu, 17*5%). 

Cupric ethylenediaminobisacetylacetone ethylenediamine hydrate 
crystallises from ethylenediamine hydrate in large, grass-green or 
ivy-green plates, which are slowly decomposed on exposure to air, 
emitting white fumes of ethylenediamine hydrate and yielding 
Combes’s violet salt. It dissolves to a purple solution in hot benz¬ 
ene, but is reprecipitated unchanged on addition of a mixture of 
ethylenediamine hydrate and light petroleum, in which it is insoluble. 
It loses all its water and half of its ethylenediamine on exposure 
over solid sodium hydroxide, and is converted into a new salt, sage 
green in colour. 

Ethylenediammitw-dicupric BisetliyUTiediamiTwbisacetylacetone, 
C 2 H 4 (NH 2 Cu ec) 2 .—On exposure of the foregoing bright green addi¬ 
tion compound of Combes’s violet salt and ethylenediamine hydrate 
in a confined space over solid caustic soda or fused calcium chloride, 
fumes of ethylenediamine hydrate are continuously emitted and a 
green salt is produced in which two molecules of Combes’s salt are 
combined with one molecule of anhydrous ethylenediamine (Found : 
N, 13*0; Cu, 19*7. CggH^O^gCug requires N, 13*3; Cu, 20*2%). 

Ethyienediammino-dieuprie bisethylenediarninobisacetylacetone 
forms glistening, sage-green scales which are stable in a confined 
space but are slowly decomposed on exposure to air with the form¬ 
ation of Combes’s violet salt; it is insoluble in water and in 2N- 
caustic soda solution, but is slowly decomposed to form Combes’s 
violet salt, and is thus distinguished from the foregoing hydrated 
salt, which is not decomposed by 2iV-caustic soda solution and is 
only very slowly decomposed by water. 

Quinolino-cupric Acetylacetone (V).—Pale blue cupric acetyl- 
acetone was dissolved in boiling quinoline, forming a dark green 
solution, from which, on cooling, large, sage-green plates separated. 
These were removed and dried in air (Found: Cu, 15*9, 
C^ANCu requires Cu, 16*3%). This quinoline addition com¬ 
pound is stable in dry air, but is slowly decomposed by moist air 
and by water, or by solution in organic solvents, quinoline being 
lost and the simple cupric salt regenerated. 

Cupric acetylacetone forms similar sage-green addition compounds 
with ammonia and with pyridine on addition of an alcoholic solution 
of the salt to a concentrated aqueous solution of the base, but these 
more volatile bases are rapidly lost on removal from the precipitating 
medium and consequently these addition compounds cannot be 
dried for analysis. 
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2. Nickel Series . 

Nickel Ethyleriediamimbisacetylcicetane, Ni ec.—Hexa-aquo-nickel 
chloride (24 g. = 1 mol.) was dissolved in water (20 c.c.) and mixed 
with ethylenediaminobisaeetylacetone (2*2 g. = 1 mol.) in alcoholic 
solution (29 c.c.), forming a dark reddish-brown liquid, to which was 
added 5sodium hydroxide solution (4 c.c. = 2 mols.). An olive- 
green precipitate separated, which dissolved to a reddish-black 
solution on heating on the steam-bath, large, brilliant bronze-red, 
rhomboidal, transparent scales and plates rapidly separating, which 
were washed with water, recrystallised from alcohol and air-dried 
(Found: Ni, 20-8. C^H^OgNaNi requires Ni, 20*9%). 

Nickel ethylenediaminobisacetylacetone, crystallising in bronze- 
red scales or plates or reddish-black tablets, is insoluble in water, 
readily soluble in most organic solvents to red solutions, and soluble 
in mineral acids only with decomposition, forming acetylacetone and 
nickel and ethylenediamine salts. It melts at 200° to a black liquid, 
and, out of contact with air, boils without decomposition at a 
temperature approaching a red heat, forming a heavy yellow vapour, 
which condenses in bright red needles. The vapour, in contact with 
air, deposits a glistening nickel mirror on a heated glass surface, 
similar to the cobalt mirror obtained by heating the corresponding 
cobaltous salt. 

EthyleTiediammino-nickel Eihyl&fieAiami^^ 

C 2 H 4 (NH 2 ) 2 Ni ec.—The foregoing nickel salt was dissolved in the 
minimum, quantity of boiling ethylenediamine hydrate, forming a 
brownish-red solution, from which, on rapid cooling, elongated, 
brownish-red needles separated. These were removed, washed with 
light petroleum and dried over solid caustic soda (Found : Ni, 17*2 
C^eO^Ni requires Ni, 17*2%). 

The acicular form of ethylenediammino-niekel ethylenediamino- 
foisacetylacetone slowly loses ethylenediamine on exposure; it is 
insoluble in water and decomposed by this medium, forming the 
foregoing simple salt and a strongly alkaline solution of ethylene¬ 
diamine. 

Diammino-nickd Eihyhnediaminobisacetylacet<me } (NH 3 ) 2 Ni ec.— 
On pouring a saturated solution of the simple nickel salt in alcohol 
into 182^-ammonia solution, brilliant red prisms separated. On 
drying, these rapidly lost ammonia, even over sodium hydroxide and 
ammonium carbonate. Analysis was possible only of the partly 
deamminated salt, the highest percentage of ammonia found being 
7*9. The diammine requires 10*8 and the monammine 5*7%, 
indicating that the product was almost certainly the diammino- 
nickei salt. 
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3. Palladous Series. 

Palladous Ethylenediaminobisacetylaceione, Pd ec.—Palladous 
chloride (0*9 g. = 1 mol.) was dissolved in boiling 1 ON -hydrochloric 
acid, and the solution rather more than neutralised with sodium 
carbonate. Ethylenediaminobisaeetylacetone (1*2 g. = 1 mol), and 
5A T -sodium hydroxide solution (2 c.e. = 2 mols.) were then added. 
On heating on the steam-bath, the yellow mixture assumed a 
brownish-black colour. After cooling, the liquid was filtered, and 
the solid residue extracted with acetone until the extracts were 
colourless. On concentrating the orange-coloured acetone extracts, 
yellow prisms separated, which were recrystallised from benzene 
and air-dried (Found : N, 8*3; Pd, 32*4. C 12 H 18 0 2 ISr 2 Pd requires 
N, 8*5; Pd, 32*5%). 

Palladous ethylenediaminobisacetylacetone forms canary-yellow 
needles, m. p. 228°. It is insoluble in water, sparingly soluble in 
light petroleum, and freely soluble in most other organic solvents, 
from which it separates in pale yellow prisms with solvent of crystal¬ 
lisation, readily lost on exposure, yielding the simple salt. 

DicMoroformo-pa lladous Ethylenediaminobisacetylacetone, 

(GHCl 3 ) 2 Pd ec.—From a saturated solution of palladous ethylene- 
diaminobisacetylacetone in chloroform, large, elongated, hexagonal, 
pale yellow tablets separated, which were removed and dried by 
a very short exposure to air (Found: loss at 100°, 41*7. 
C^HgoOglSTgClePd requires CHClg, 42*1%). The addition compound, 
on exposure to air, only slowly loses chloroform (identified by odour), 
but is rapidly converted into the simple salt by heating for about 
an hour at 100°, 

The authors desire to thank the Advisory Council of the Depart¬ 
ment of Scientific and Industrial Research and the Birmingham 
University Research Committee for grants which have helped to 
defray the expense of this investigation. 
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CXXVIIL —Derivatives of 2-Keto-l:2-dihydrobenziso - 

thiazoleJ* 

By Ernest Wilson McClelland and Alban James Gait. 

It has been suggested (McGeHand and Longwell, J., 1923, 123 , 
3310) that the first stage in the production of the disulphide (I) 
from 2-dithiobenzoyl and a primary amine is the formation of 
* Named 64 2-thiobenzi m ido ” in previous papers. 

HH* 
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hydrogen sulphide and a ketodihydrohenzisothiazole (U). It 
was pointed out that these benzisothiazoles, if formed, would be 

< L) [ c « h: 4 < ^o-nhr] 2 C 6 H 4 <®^>NE (H.) 

very easily reduced to the corresponding disulphides and that the 
failure to isolate them was probably due to their reduction by the 
hydrogen sulphide. 

Such compounds appear to he unknown and the present in¬ 
vestigation was undertaken with the object of synthesising them 
and examining their stability towards hydrogen sulphide. 

Attempts to prepare 2-keto-l-phenyl-l: 2-dihydrobenzz’.sothiazole 
by the intramolecular condensation of {I; R = Ph), which in the 
presence of sulphuric acid might he expected to react as the 
sulphenie acid, NRPh*C0-C 6 H 4 *S-0H (compare Prescott and Smiles, 
J., 1911, 99, 640), were unsuccessful. According to patent liter¬ 
ature (DJR.P.-anm. P\ 35230), 2 : 2'-dithiobenzoic acid on treatment 
with chlorine yields a sulphur chloride, C0 2 H-C 6 H 4 -SC1. It was 
therefore to be expected that 2 :2'-dithiobenzoyl chloride would 
also yield a sulphur chloride (HE) and that this dichloride would 
condense with primary a min es to give the required if-substituted 
ketodihydrobenzisothiazoles (EE) thus: 

[ C 6 H 4<COCl]„ C 6 H 4<C0C1 

(Hi.) (n.) 

2 : 2 '-Dithiobenzoyl chloride, suspended in carbon tetrachloride, 
dissolved on treatment with dry chlorine, presumably owing to the 
formation of the dichloride (HE). This chlorinated solution reacted 
with aqueous ammonia to give 2-keto-l: 2-dihydrobenzwothiazole. 
In a similar way the chlorinated solution reacted with aniline, 
o-toluidine, and aqueous methylamine to give compounds of the 
type (H) in which R is Ph, o-C 6 H 4 Me, and Me, respectively. On 
oxidation with hydrogen peroxide these compounds were converted 
into the corresponding “ saccharins.” The interaction of the 
chlorinated solution of 2:2'-dithiobenzoyl chloride with w-propyl- 
amine yielded an oily substance which was undoubtedly 2-Jceto - 
1-n-propyl-l * 2-dihydrobmzisothiazole , as on oxidation it was con¬ 
verted into IS-n-propyl-o-benwicmlphinide. 

The 1 -phenyl> l-o -idyl, and l-methyl derivatives of 2-keto-l : 2- 
dihydrobenzi^othiazole in alcoholic solution are rapidly reduced by 
hydrogen sulphide with deposition of sulphur and formation of 
disulphides identical with the products obtained by the action of 
tiie coEresponding amines on 2-dithiobenzoyL The afore-mentioned 
suggestion of McClelland and Longwell hereby receives strong 
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confirmation, 2-Keto-l: 2-dihydrobenz isothiazole also is reduced 
by hydrogen sulphide. The fact that it can be isolated by the 
action of ammonia on 2-dithiobenzoyl may be due to its being 
slightly more stable than its derivatives towards hydrogen sulphide, 
as previously suggested. 

Selenium analogues of 2-keto-l: 2-dihydrobenzisothiazole and 
certain of its derivatives have been prepared by an analogous 
method (lesser and Weiss, Ber., 1924, 57, 1077). 

Expeeimektal. 

2:2' -Dithiobenzoyl chloride was prepared by the action of 
phosphorus pentachloride on 2 :2'-dithiobenzoic acid (Ber., 1898, 
31, 1670) and was crystallised from benzene before use in the 
following experiments. 

The derivatives of 2-keto-l : 2-dihydrobenz2«sothiazole described 
below were prepared by the following general method. Dry chlorine 
was bubbled through a suspension of 2 :2'-dithiobenzoyl chloride 
(5 g.) in carbon tetrachloride (40 c.c.; dried over calcium chloride) 
until solution was complete. The excess of chlorine having been 
removed by a current of dry air, the solution was added slowly, 
with vigorous stirring, to aqueous ammonia (40 c.c.; d 0*880), 
30% aqueous methylamine (excess), or the amine (aniline, 8 g.; 
o-toluidine, 10 g.) diluted with carbon tetrachloride. During the 
addition the aqueous ammonia and the solutions of the amines 
were cooled in ice. The product of the reaction was either pre¬ 
cipitated or obtained by evaporation of the dried carbon tetra¬ 
chloride solution. 

2-Keto-l : 2-dihydrobenzisothiazole (II; R = H) was precipitated 
on addition of the chlorinated solution of 2 :2'-dithiobenzoyl 
chloride to the aqueous ammonia and was crystallised from methyl 
alcohol and finally from water (yield 80%). It melted at 155— 
156°, alone or mixed with a specimen prepared by the action of 
ammonia on 2-dithiobenzoyl. 

2-Keto- 1 -phenyl-1: 2-dikydrobenzisothiazole (II; R = Ph). — In 
this preparation aniline hydrochloride was precipitated; it was 
filtered off and the carbon tetrachloride allowed to evaporate at 
room temperature. The residual solid crystallised from methyl 
alcohol in fine, colourless needles, m. p. 140° (Found: C, 68*4; 
H, 4-1; S, 13-9. C^ONS requires 0, 68*7; H, 4-0; S, 14*1%). 

2-Keto-l-o-iolyl-l: 2-dHiydrobenzisotkiazote (II; R — o-C 6 H 4 Me) 
was obtained as a brown oil which slowly solidified; after crystal¬ 
lisation from methyl alcohol it melted at 122—123° (Found: C, 69-7; 
H, 4-5; S, 13-4. C 14 H n ONS requires C, 69-7; H, 4*5; S, 13*3%). 

2-Keto- 1 -methyl- 1: 2-dikydrobenzisothiazole (II; R = CH 3 ) was 

ee*2 
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obtained from the carbon tetrachloride after separation from the 
aqueous solution, as a brown oil which slowly solidified; it crystal¬ 
lised from benzene-light petroleum in fine, colourless needles, m. p. 
51—52° (Found: C, 58*0; H, 4*3; S, 19*5. C 8 H 7 ONS requires 
C, 58*1; H, 4*3; S, 19*4%). 

This wothiazole is sparingly soluble in ether and light petroleum 
and very soluble in alcohol or benzene. On treatment with hydro¬ 
chloric acid the crude oil obtained above yielded a hydrochloride , 
which was readily hydrolysed by water but crystallised from 
hydrochloric acid in colourless needles, in. p. 124—127°. The 
hydrochloride appears to be unstable, as varying results were 
obtained in the estimation of the chlorine and its melting point 
gradually fell on keeping in a vacuum desiccator. 

N-n-Propyl-o-benzoicsvZphinide, C 6 H 4 <Cqq^>N*C 3 H 7 .—A chlorin¬ 
ated solution of 2 : 2'-dithiobenzoyl chloride, prepared by the general 
method, was added to an excess of propylamine diluted with carbon 
tetrachloride. The solid material was filtered off, and the carbon 
tetrachloride evaporated. The oil thus obtained was oxidised in 
glacial acetic acid with hydrogen peroxide (30%). The product 
crystallised from water in fine, colourless needles, m. p. 73—75° 
(Found : S, 14*1; N, 6*1. requires S, 14*2; 3ST, 6*2%). 

Oxidation of the Benzisothiazoles. —A solution of 2-keto-l-phenyl- 
1:2-dihydrobenzisothiazole (0*2 g.) in glacial acetic acid was heated 
with 30% hydrogen peroxide (1 c.c.) for 1 hour at 100°. On cool¬ 
ing, a white, crystalline product was obtained. This, after recrys- 
tallisation from glacial acetic acid, melted at 189—190°, and at 
189° when mixed with authentic A T -phenyl-o-benzoicsulphinide, 
m.p. 190*5° (rimer. Chem . J., 1895,17, 320). 

In a similar way 2-keto-l-o-tolyl-l: 2-dihydrobenzwothiazoIe 
yielded a substance, m. p. 171—173° (27-o-tolyl-o-benzoicsulphinide 
has m. p. 172—175°; foe. cti ., p. 327). 

2-Keto-1 -methyl-1 : 2-dihydrobenzisothiazole (the crude oil) was 
instantly converted by cold hydrogen peroxide (30%) into a white, 
crystalline substance. This, after recrystallisation from glacial 
acetic acid and finally from methyl alcohol, melted at 129—130°, 
alone or mixed with N -methyl-o-benzoicsulphinide. 

Reduction of the Bmzi&^iazoles .—Hydrogen sulphide was bubbled 
slowly through a solution of 2-keto-l-phenyl-1:2-dihydrobenzwo- 
thiazole in ethyl alcohol at 50°. In a few minutes a precipitate of 
sulphur appeared; the current of gas was then stopped, and the 
solution filtered as quickly as possible. The filtrate slowly deposited 
odourless needles contaminated with sulphur. After several ciystal- 
lisations from glacial acetic acid, the product was obtained free from 
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sulphur; it melted at 236—238°, and at 237° when mixed with 
2 : 2'-dithiobenzophenylamide (m. p. 239°), prepared by the action 
of aniline on 2-dithiobenzoyl. 

2-Keto-l-o-tolyl-l: 2-dihydrobenz£sothiazole, reduced in a similar 
way, gave a product which after recrystallisation from methyl 
alcohol melted at 219—220°, alone or mixed with the product 
obtained by the action of o-toluidine on 2-dithiobenzoyl. 

The reduction of 2-keto-1 -methyl-1 :2-dihydrobenzisothiazole 
by hydrogen sulphide, under the same conditions, yielded a sub¬ 
stance which after crystallisation from glacial acetic acid and 
methyl alcohol melted at 220—221°, alone or mixed with 2 : 2'dithio- 
benzomethylamide, prepared by the action of methylamine on 
2-dithiobenzoyl. 

The authors desire to express their thanks to Professor Smiles 
for the interest he has taken in this work and for his helpful 
suggestions. 

King’3 Coillege, London. [Received, January 28 th , 1926.] 

CXXIX.— The Vapour Pressures of Chlorine Dioxide. 

By Frederick Ernest King and James Riddick Partington. 

A connected series of measurements of the vapour pressures of 
chlorine dioxide from the melting point to the boiling point of the 
substance does not appear to have been recorded. A few isolated 
measurements, in poor agreement, are given in the literature. 
Millon (Ann. Ghim . Phys., 1843, 7, 314; Annalen , 1843, 46, 281) 
gives + 20° or +32° as the boiling point, but does not describe the 
method used. He correctly states that chlorine dioxide attacks 
mercury, and dissolves in concentrated sulphuric acid to a bright 
yellow solution, but his assertion that the latter decomposes at 10° 
with evolution of chlorine, oxygen, chlorine dioxide, and “ chlorine 
trioxide ” we do not confirm. Millon also correctly described the 
colour of liquid chlorine dioxide as red, “ like the brightly-coloured 
sulphur chloride/ 5 i.e., the monochloride containing excess of 
chlorine, but he overestimated the explosive properties of the liquid. 
Brandau (Annalen, 1869,151,340) gives the boiling point of what he 
calls chlorine trioxide as 8—9° at 745 mm .: the substance must 
have been the dioxide. Pebal ( ibid ., 1875,177, 1) determined the 
boiling point by a rather crude method as 8*7° at 725*7 mm. 
Schacherl ( ibid ., 1881, 206, 68) attempted to determine the vapour 
pressure by means of a mercury manometer in direct communication 
with a water manometer, the metal being protected from the gas 
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by a long column of water. Schaeherl first noticed that liquid 
chlorine dioxide, although exploding violently when the process is 
initiated, is not liable to spontaneous, erratic detonation, as asserted 
by Millon, provided that all traces of organic matter are excluded 
and the substance is manipulated entirely in glass. Schaeherl gives 
the following pressures, which are really those over a saturated 
solution, although he remarks that the yellow colour of the solution 
had not passed round the water limb of the manometer before the 
conclusion of the measurements. 


t° . 10-6 7-6 9-6 14-0 14-1 16*9 10*3 7*6 

p {mm.) . 767*8 728*8 784*4 961*9 983*9 1162*7 1335*6 1329*1 


It is quite clear, as Schaeherl himself admits, that these values 
are completely vitiated by decomposition of the gas at the higher 
temperatures, and that the first value only can he taken into account. 
He concluded that the vapour-pressure method must be abandoned 
as unsuitable for the determination of the boiling point. This was 
really an incorrect conclusion, since, if he had taken care not to raise 
the temperature too far above the boiling point, there would probably 
have been very little decomposition. Schaeherl then made a direct 
estimation of the boiling point with a mercury thermometer bulb 
immersed in the liquid contained in a small open bulb in a water- 
bath. The temperature rose slowly to 9-9°, remained constant for 
a short time, then varied between 9-9° and 10*1°, then returned to 
9-9°, and remained constant until practically all the liquid had 
evaporated. The pressure was 730*9 mm. The liquid, it was found, 
could be boiled rapidly at + 30° without explosion, and the vapour 
recondensed by cooling at 8*9°. During the boiling-point determin¬ 
ation, care was taken to avoid superheating, and the liquid during 
the whole series of measurements boiled steadily without bumping. 

Expebimehtal. 

The chlorine dioxide was prepared by a method stated by Spring 
(Bull. Acad . roy. Bdg 1875, 39, 882) to yield chlorine trioxide, a 
substance up to the present unknown. The method involved the 
action of chlorine on dry silver chlorate. We have convinced 
ourselves that the only gaseous products of this reaction are chlorine 
dioxide and oxygen, so that it probably proceeds according to the 
equation 2AgC10 3 + Clg = 2AgCl + 2C10 2 + 0 2 - The chlorine 
dioxide is easily liquefied out of the gas by cooling and can be 
obtained pure and dry.* 

* Garzarolli Thurnlackh (Annalen, 1881, 209, 184) refers to Spring’s work 
at the end of his paper and suggests that the gas may have been a mixture 
of the oompoeitiaa 01,0 -f 401O a rather than C1*0 5 . He promised to investig¬ 
ate the matter further, tat does not appear to have done so. 
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According to Spring, the reaction begins in the cold, bnt we have 
found that it is quite inappreciable below about 80° and occurs regu¬ 
larly and smoothly at about 90°. The silver chlorate was prepared 
from chloric acid and silver oxide, dried in a desiccator over phos¬ 
phorus pentoxide, and then about 10 g. were filled into a U-tube with 
ground stopcocks (A, Fig. 1), with alternate plugs of dry glass wool. 
Ramsay lubricant proved to be efficient for the ground joints and 
stopcocks; it was only very slightly attacked, if at all, during the 
few hours necessary for actual measurements. Pure dry chlorine, 
liberated by warming liquid chlorine (from potassium permanganate 
and hydrochloric acid) in a bulb, B, and dried by passing over 
phosphorus pentoxide in the tube C, was passed slowly over the 
chlorate, the tube A being maintained at 85—95° in an electrically 
heated air-bath. With fresh chlorate, the reaction was slow at 

Fig. 1. 

n 


first and some free chlorine tended to pass over. 
The issuing gas was then passed to a small bulb, 
D, immersed in solid carbon dioxide and ether, 
communicating with a pump and two mano¬ 
meters. These contained mercury covered with 
concentrated sulphuric acid. The first (not 
shown) served to indicate the pressure after exhaustion and during 
filling; the second, which was closed by a tap until the actual 
measurements were begun, served to measure the pressures. By 
working in this way, excessive attack of the mercury surface 
used for measurement was avoided. The columns of acid were 
of the same length in each limb so as to compensate each other. 
We satisfied ourselves that, although mercury is attacked with the 
deposition of a white powder, no permanent gas is evolved from the 
sulphuric acid, which slowly becomes bright yellow in colour. The 
accumulating was removed from time to tim e by pumping. 

The chlorine dioxide condensed in the bulb as a crystalline solid 
of the colour of potassium dichromate. If any excess of chlorine 
had passed through, this either floated unchanged on the surface of 
the solid dioxide or condensed along with dioxide to a deep red 
liquid which did not solidify in the freezing mixture. In either case, 
the chlorine was easily removed by pumping for a few minutes with 
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the bulb immersed in the freezing mixture. The pressure finally 
fell suddenly and the red crystals remained. The vapour pressure 
of the solid at —80° was negligible. 

By adding ether to the freezing mixture until all the solid carbon 
dioxide had disappeared, it was possible to raise the temperature 
slowly in steps to —30°. Melting occurred sharply at —59°, both 
solid and liquid being at first present, and all the solid melted at this 
temperature. This result is in agreement with the only previous 
observation, that of Faraday (Phil. Trans., 1845, 135, 155), who 
found the melting point -59°.* 


Fig. 2. 


Log 10 P (cm.). 

— 0*2 0 - f 0*4 0*8 1-2 1*6 2*0 



Logio P (cm.). - 


By further addition of ether, the temperature was gradually 
raised, the temperatures being measured on a pentane thermometer. 
After —30°, a mixture of ice and salt, pure ice, and water were used 
successively, with a mercury thermometer. 

The gauge pressures were subtracted from the mercury column 
reading corresponding with the vacuum attained in the apparatus 
before admitting gas. After the measurements, the chlorine dioxide 
was resolidified by immersing the bulb in solid carbon dioxide and 

* Faraday’s result is given in most works of reference as —76°; this, 
however, is the temperature on the Fahrenheit scale used by Faraday. The 
OGgreet figure is given in Watts* Dictionary, 1890, vol, 2, p. 13. 
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ether, and the original vacuum recovered, showing that decom¬ 
position had not occurred during the measurements. 

The logarit hms of the pressures recorded in Table I are plotted 
against the reciprocals of the absolute temperatures in Fig. 2, and 
it will be seen that a fair approach to a straight line is obtained. 
The part near the boiling point is drawn on an enlarged scale to the 
left. It so happened that the barometric pressure corresponded 
exactly with 760 mm. when the boiling point was reached, so that 
the value of the latter, 11-0°, could be determined directly. 

The isolated points observed by Pebal and Schacherl are also 
shown. The first measurement of the latter in the vapour pressure 
series, when corrected for the vapour pressure of water at 15°, lies 
almost on the curve, but the remaining measurements show great 
irregularity. The direct measurement of the boiling point made by 
Schacherl, viz ., 9-9°/730*9 mm., also lies on the curve. 


Table I. 


T° Abs. 193 

206 

214* 

223 232-5 

243*5 

255 

273 

p mm. obs.... % 

7 

10 

24 47 

88 

201 

490 

r Abe. 278-3 

279-9 

281 

282 283 

284f 

284-2 


pmm. obs.... 608 

642 

674 

700 732 

760 

769 


* Melting point. 


f Boiling point. 

% Not measurable. 


From the values of the vapour pressures at different temperatures, 
it is possible to calculate the latent heat of evaporation of liquid 
chlorine dioxide by means of the formula : 

X = 4-576{log(p 2 /3) 1 )}r i T 2 /(2 7 2 — T x ) cal. per mol. 

From data near the boiling point the value 6520 is obtained. From 
this, by division by the absolute boiling point T 0 , we find the Trouton 
coefficient X/T 0 of 23. The values of this calculated by the two 
fonnulse of Nerast are : 

8-5 log T 0 = 20*85 and 9*5 log T 0 - 0-007 T 0 = 21-3, 

and from Wartenberg’s formula 7-4 log T 0 -f-1-985 = 20-2. 

The ratio of the absolute temperatures corresponding with vapour 
pressures of 760 mm. and 200 mm. (really 201 mm.) is 1*114, which 
is the value shown by Ramsay and Young to correspond with normal 
liquids (Z. physiical. Chem., 1887, 1, 249). These considerations 
seem to point to very little, if any, association of chlorine dioxide in 
the liquid state, so that its formula in both the gaseous and the liquid 
state may be considered to be C10 2 . The colours of the solid, 
liquid, and gaseous forms would also point to the same conclusion. 

East London College, 

University or London. [Received, February 3rd, 1926.] 
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CXXX .—The Oxidation Potential of the System 
Selenium Dioxide-Selenium. 

By Sydney Raymond Carter, John A. V. Butler, and 
Prank Jame s. 

Selenium dioxide is readily reduced to selenium and it appeared 
that a study of the oxidation potential of the system selenium 
dioxide-selenium would furnish interesting data for comparison 
with that of the analogue: sulphur dioxide-sulphur (Carter and 
James, J., 1924, 125, 2231). 

Preliminary E.M.F. measurements were carried out with various 
half-elements in combination with the calomel electrode. Each 
cell contained several platinum foil electrodes, some of which were 
plain and others platinised. The solid selenium used in cells 2, 
3 and 5 was the red amorphous variety. In some cases, the platinum 
foil was buried in the selenium, whilst in others the selenium was 


deposited electrolytically. 

Cell 1. (Pfc)|0-lif-SeO 2 , 

0*1 2f-N agSeO*, 

HgO 

2. 

(Pt)|0-lJf-SeO 2 , 

Se (solid), 

H^O 

3. 

(Pt)|0-lJf-SeO„ 

Se (solid). 

10A T -HC1 

4. 

(PtllO-lif-SeOa, 

Se (in solution), 

102V-HC1 

5. 

{Pt)|Se (solid). 

lOi^-Hca 



1 and 2 gave ill-defined potentials and they were greatly affected 
by polarisation. 3 and 4 gave well-defined potentials. In 5, the 
potential was ill-defined, but on the addition of selenium dioxide 
it rose several tenths of a volt and became steady. 

Prom these and subsequent experiments it was concluded that 
a definite potential was exhibited, provided that the solution were 
strongly acid and that selenium dioxide and selenium were each 
present in solution. In the case of the selenium, it might be 
present in quantity to form either a saturated or an unsaturated 
solution. In this connexion, the solubility of selenium is important 
and experiment revealed the following facts: 

1. Bed amorphous selenium was stirred with concentrated 
hydrochloric acid at 20° for 3 days, but no selenium was dissolved. 
Moreover, under these conditions no selenium dioxide was formed, 
although the solution was in contact with air. 

2. Selenium is soluble in concentrated hydrochloric acid in 
presence of selenium dioxide. The solubility of selenium in 
0*lJf-SeO a and ll*6j^-HCl is 1*35 g. per litre (within 5%). 

3. The solubility of selenium falls off rapidly with diminishing 
concentration of acid, and, on dilution of saturated solutions with 
waterythe red amorphous selenium is precipitated. 
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It was therefore decided to determine the oxidation potential of 
the system selenium-selenium dioxide-concentrated hydrochloric 
acid, and to study the influence of changes in concentration of 
(a) selenium, (6) selenium dioxide. 

In order to obtain reproducible values of the E.M.F. it was 
obvious that the quantity of dissolved selenium would have to be 
carefully controlled. 

Materials .— Selenium dioxide was prepared by dissolving 
amorphous selenium (B.D.H.) in concentrated nitric acid and 
evaporating the solution to dryness. The product was twice 
sublimed in small quantities in a large crucible and thereby freed 
from tellurium. Pure amorphous selenium was prepared from the 
purified selenium dioxide by passing sulphur dioxide through a 
slightly acid solution; after thorough washing on an asbestos pad, 
the precipitate was dried in a vacuum. The hydrochloric acid 
employed throughout was As.T. quality. 

Preparation of Solutions .—A solution of selenium in concentrated 
hydrochloric acid containing selenium dioxide was prepared by 
shaking amorphous selenium with the liquid for several days. The 
clear solution (deep amber colour) was withdrawn into a pipette 
through a pad of glass wool and portions were analysed. The stock 
solution had the following composition : Q-066N-SeO 2 , 0*0134^-86, 
1T6I^-HC1. This was used for making up the cell solutions by 
suitable dilution with hydrochloric acid of the same concentration 
and addition of the proper amounts of selenium dioxide either as 
the solid or from the stock solution. The composition of some of 
the solutions was checked by analysis. 

Analysis .—The determination of selenium dioxide was based on 
that of Norris and Fay (Gooch, “ Methods in Chemical Analysis,” 
1912, p. 383) for acid solutions. 10 C.c. of the concentrated acid 
solution are added to 300 c.c. of ice and water. 50 C.c. of N/10- 
sodium thiosulphate are then run in, the excess being titrated with 
standard iodine solution, starch paste being used as indicator. 
This method gave accurate results if the conditions were strictly 
observed. 

The estimation of the amount of dissolved selenium was a more 
difficult matter. At first, the greater part of the hydrochloric acid 
was evaporated on the water-bath, and the selenium precipitated 
by the addition of water. This method gave variable results owing 
apparently to the volatilisation of a portion of the selenium. The 
method finally adopted was to dilute 100 c.c. of the solution with a 
litre of water. The selenium separated in a very finely-divided 
form which did not settle readily. On adding a few c.c. of a strong 
solution of potassium chloride, however, the precipitate rapidly 
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settled in a compact curdy form, which was filtered off through a 
Gooch crucible, dried at 110°, and weighed. Long heating at this 
temperature caused no loss of weight by volatilisation* The 
filtrate showed no sign of containing any free selenium. It was 
colourless and clear, and no perceptible turbidity appeared on 
further dilution. 

Hydrochloric acid was determined in a separate portion by suit¬ 
able dilution and titration with standard sodium carbonate. 

Electrical Measurements >—It was feared that the presence of 
concentrated hydrochloric acid in one half of the cell would give 
rise to a troublesome liquid boundary and make accurate measure¬ 
ments impossible. 

The following type of cell was finally found to be most suitable 
for the purpose : 


(Pt)yjV-Se0 2 + ztf-Se;tf-HaKCl (sat.)Hg 2 CL 
ill-6 tf-HCl I | |KC1 (sat.) 

Stationary Blowing 
jauction, junction. 


|Hg 


This arrangement gave reproducible results and was not liable to 
fluctuations of more than a few tenths of a millivolt during the 
experiments. Moreover the boundary potentials are of types 
which may be evaluated if required. 

A stationary junction being used at the N-HCI|KC1 (sat.) 
boundary, variations of 0*0025 volt over a 10-minute range were 
experienced, whilst, with the flowing junction, readings constant 
to 0-0001 volt during 15 minutes were obtained. This is of interest, 
since the flowing junction has hitherto been applied to junctions 
of the type HCljKCl for concentrations of 0*12V T and N (Lamb and 
Larson, J. Amer. Chem. Soc 1920, 42, 229). The present work 
shows how it may be employed advantageously in connecting a 
saturated potassium chloride solution with highly concentrated 
acid. 

The electrodes were of platinum platinised in the usual way. A 
fresh electrode took some time to acquire a definite potential, but 
electrodes that had been immersed in one of the solutions, after 
being washed once or twice with a fresh solution, rapidly assumed 
a steady potential. In some preliminary experiments a metre 
bridge in conjunction with a capillary electrometer was employed. 
With this arrangement, it was found that the electrodes, particularly 
in the more dilute solutions, were very readily polarised, even with 
the small currents which passed in finding the balance point, and 
took some time to recover the original potential. In the later work 
a Cambridge ionisation potentiometer was used, giving readings 
direct to 0-2 millivolt with a sensitive A. M. galvanometer. No 
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trouble was experienced with this arrangement on account of 
polarisation. 

Three electrodes were placed in the electrode vessel. After use 
in a few cells an electrode often became irregular and differed from 
the other two. Fairly frequent replatinising was necessary. The 
electrode vessel was kept in a thermostat at 20° ± 0-1° during the 
measurements. The saturated calomel electrode was one of a 
battery of four which were frequently compared and at no time 
differed by more than 0*25 millivolt. The calomel electrodes were 
at room temperature. This was determined exactly by a ther¬ 
mometer in the liquid of one of them, at the time of every measure¬ 
ment, and the correction introduced. 

Reproducibility and Constancy .—Although with the more con¬ 
centrated solutions the mean potentials were easily reproduced to 
within a fraction of a millivolt (e.g., cell D), minor fluctuations, 
usually less than a millivolt, were sometimes observed. On the 
other hand, the solutions containing the more minute concentra¬ 
tions of selenium exhibited a gradual drift in the potential. This 
was most apparent in cell C, where a gradual decrease from 0*5452 
to 0*5247 volt at 12° over a period of 22 hours was observed. This 
was not due to changes in the immediate vicinity of the electrodes, 
for only a minute alteration of the potential occurred on shaking 
the cell. The drift appeared to be due to some decomposition in 
the cell, which was accelerated by the higher temperature of the 
thermostat, this being slightly above that of the room. A portion 
of the solution C, which had remained at room temperature for 
24 hours, gave a slightly lower potential than the original reading; 
when placed in the electrode vessel in the thermostat, its rate of 
drift was greater. It appeared that the reaction concerned was 
the reduction of selenium dioxide by hydrochloric acid: Se0 2 + 
4HC1 = Se + 23^0 + 2Cl a * 

The formation of selenium to only a slight extent in this reaction 
would have an appreciable effect on the selenium concentration at 
the minute concentrations of the more dilute cells. This supposi¬ 
tion was supported by the fact that a stock solution of selenium 
dioxide in concentrated hydrochloric acid, kept at room temperature, 
acquired after some days a faint yellow tint. The potential of a 
platinum electrode in this solution measured against the saturated 
calomel electrode was 0*614 volt, which would correspond to a 
selenium concentration of about 

Measurements .—A typical set of potentiometer readings is in 
Table I, which gives the observations for three freshly prepared 
cells, Dl, D2 and D3, respectively. (The selenium electrode is 
positive with respect to the calomel.) 
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E (t°) is the observed E.M.F. when the oxidation cell is at 20° 
and the calomel electrode is at room temperature, t°: E (20°) is 
the E.M.F. after correcting the calomel electrode to 20°. 

Table I. 


[Se0 2 ] = 0*0866, [Se] = 0*00134, [HCl] = 11*6. 


Cell. 

Hrs. 

Mins. 

E(t°) observed. 

E(t°) mean. 

E (20°). 

D. 1. 


10 

0*5738 

0*5739 0*5736 

\ 



1 

20 

0*5732 

0*5732 0*5730 

t 0*5733 

0*5720 


3 

20 

0*5729 

(0*5716) 0*5728 

f t = 13*5® 


D. 2. 


10 

0*5733 

0*5733 ] 





40 

0*5742 

0*5743 - 

0*5734 

0*5720 


I 

5 

0*5728 

0*5728 J 

t = 130* 



3 

5 

0*5718 

0*5718 




20 

0 

0*5678 

0*5678 



D. 3. 

0 

40 

0*5734 

0*5735 1 




I 

35 

0*5726 

0*5726 [ 

0*5729 

0*5718 


2 

30 

0*5726 

0*5726 J 

t = 14*5® 



5 

40 

0*5708 

0*5708 




Similar determinations were made with solutions of different 
concentrations and the results are in Table II. 


Table II. 


[HC1] = 11*6 N. 


Cell. 

[SeOJ. 

(Se]. 

E (20°). 

A E. 

Ax 

0*087 

00134 

-f0*5501 

_ 

A* 

0*087 

0*0134 

0*5498] 

\ 0-0222 

i a Ant *a 

D 

0*087 

0*00134 

0*5720 

E 

0*087 

0*000134 

0*5970j 

l 0*0250 

B 

0*0087 

0*00134 

0*5460] 

j- 0-0260 

E 

0*0087 

0*000134 

0*5720j 

C 

0*00087 

0*000134 

0*5436 

— 


In Cell A x> the junction #-1101JKC1 (sat.) is stationary, but in 
Ag and all the other cells the flowing junction was used. 

The Influence of Concentration of Selenium Dioxide and of Selenium 
on Oxidation Potential. 

(а) Selenium .—Table H gives this relation, since in Cells A 2 , 
D and E the [Se0 2 ] = 0*087 is constant and [Se] undergoes tenfold 
changes. Cells B and F afford a similar comparison. AE is the 
difference in E.M.F. for a tenfold change in [Se] and it amounts 
to 0*0222 to 0*0260 volt. 

(б) Selenium Dioxide .—Table HE gives this relation similarly, and 
it will be seen that AE for a tenfold change in [Se0 2 ] varies from 
0*0260 to 0*0284 volt. 


Cell. 

[SeO # ], 

Table HE. 

[SeJ. 

E (20°). 

A E. 

B 

0*087 

0*00134 

0*5720\ 

0*0260 

B 

0*0087 

0*00134 

0-5460/ 

B 

0*087 

0*000134 

0*59701 

0*0250 

3? 

0*0087 

0*000134 

0-5720/ 

C 

0*00087 

0-000134 

0*5436} 

0*0284 
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Mechanism of the Oxidising Action of Selenium Dioxide and of 
Sulphur Dioxide. 

The reduction of selenium dioxide in concentrated acid solution 
may conceivably proceed in a number of ways, of which the following 
may be considered. 

1. The selenium dioxide dissolves in concentrated acid to form 
selenium tetrachloride, which ionises into quadrivalent selenium 
ions, Se”‘\ On reduction, the four positive changes are removed 
and elementary selenium results : 

Se0 2 + 4HC1 ^ SeCl 4 + 2H 2 0 ^ Se*‘** + 4C1' + 2H s O ^ 

Se + 4GT + 2HgO + 49. 

The potential variations, AE S would be given by AE = 0*058/ 
4. log [Se]/[Se0 2 ], and for a tenfold change in [Se] or in [Se0 2 ], 
A E = 0*058/4 = 0*0145 volt. 

2. The reduction does not proceed entirely from the quadrivalent 
state down to elementary selenium, but only through certain 
intermediate stages, for example, from quadrivalent to bivalent 
selenium. The essential portion of such a process may be repre¬ 
sented 

Se*~ = Se** + 29, 

whence A E « 0*058/2 . log [Se**]/[Se****] = 0*058/2 . log [Se]/[Se0 2 ], 
and for a tenfold change in [Se] or in [Se0 2 ], AE = 0*058/2 = 
0*029 volt. 

Since part of the selenium dioxide is used in dissolving the 
selenium, the effective concentration is actually less than [Se0 2 ] 
and a value somewhat smaller than 0*029 for AE will be obtained. 

The existence of derivatives of bivalent selenium is indicated 
by the solubility of selenium in strong acid solutions containing 
selenium dioxide; Se0 2 + Se = 2SeO. In this connexion, it may 
be observed that selenium dissolves in selenic acid giving a green 
solution believed to contain Se 2 0 3 , an analogue of SeS0 3 which is 
formed by dissolving selenium in sulphuric acid ( Chem . News, 
1889, 59, 268). 

Either hypothesis depends on certain assumptions regarding the 
degree of ionisation and the unimolecular nature of the respective 
constituents in the equations. Experiments on these points are" 
still proceeding. The experimental results for A E fall between 
those demanded by the two theories, but are rather in favour of 
the second. 

The hypothesis that selenium acquires positive charges and 
behaves as an electropositive element is reasonable, since it has 
certain characteristics of a metal which are exhibited by its analogue 
tellurium, although scarcely at all by sulphur. Nevertheless the 
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analogy with sulphur, even if only shown to a slight extent, is of 
interest in a study of the oxidising properties of sulphur dioxide 
and would furnish an explanation if sulphur could also become 
electropositive in acid solution (J., 1920, 117, 1246). 

Since negatively charged selenium ions Se" or Se n " have already 
been identified in alkaline solutions, the present indication of 
positively charged selenium ions in acid solution furnishes additional 
evidence of the amphoteric nature of selenium (compare Le Blanc, 
Reichenstein, Muller, and Abegg; references, Z. physikal. CJiem 
1921, 97, 257; 1922, 100, 346). 

The Effect of Light .—The potential of one of the oxidation cells, 
which had been kept in darkness, was not affected by sudden 
exposure to direct sunlight, or to the light of four filament lamps at 
a distance of a foot. On the other hand, bright metallic electrodes 
(made by melting selenium on platinum) in hydrochloric acid solu¬ 
tions of selenium dioxide and selenium gave a potential which was 
distinctly influenced by exposure to light. The selenium rapidly 
lost its brightness and the photosensitiveness disappeared. A 
selenium electrode made by the cathodic deposition of selenium 
on a selenium rod, and therefore covered with a layer of the 
amorphous kind, was quite unaffected by light.* 

The photosensitiveness of the E.M.F. of selenium in aqueous 
solutions has been observed by Sabine and others (for references 
see C. Ries, “ Das Selen,” 1918, p. 188) and, although the signifi¬ 
cance of the presence of concentrated acid, selenium dioxide and 
dissolved selenium in determining the potential has not hitherto 
been emphasised, it is obviously of value in explaining the processes 
underlying many of their experiments. 

These considerations are also useful in explaining the electro¬ 
metric titration of selenium solutions by the bimetallic electrode 
system of Willard and Fenwick (J. Amer, Chem. Soc., 1923,45, 933). 

Summary . 

The system selenium dioxide-selenium in concentrated hydro¬ 
chloric acid gives a reproducible oxidation potential which has been 
measured. 

The potential is unaffected by the action of light. 

The influence of concentration of selenium and of selenium 
dioxide on potential has been studied, the changes for tenfold 
dilutions corresponding to 0*022—0*028 volt. 

The oxidising action of selenium dioxide is provisionally attributed 

'■ * We aare indebted to Mr. W. F. Waters for some assistance in these experi- 
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to the presence of selenium tetrachloride, which yields positively 
charged selenium ions. 

The oxidising action of selenium dioxide and of its analogue, 
sulphur dioxide, are compared. 

We desire to express our thanks to the Department of Scientific 
and Industrial Research for a grant which enabled one of us (P. J.) 
to take part in this investigation. 

University, Edge aston, Birmingham. 

University Cou^ege op Swansea. [Received, January 28ih, 1926.] 


GXXXI .—Applications of Thallium Compounds in 
Organic Chemistry . Part III. Alkylations . 

By Christina Mary Pear and Robert Charles Menzies. 

The preparation of alkyl derivatives by heating organic thallous 
compounds with alkyl iodides, suggested by the resemblance 
between thallous and silver halides, proceeds smoothly if the 
thallous compound is soluble in the alkylating agent, or if, being 
of an amorphous nature, it presents to it a large surface, whilst 
sparingly soluble, well-crystallised substances enter into the reaction 
slowly, if at all. 

Thallous palmitate, for instance, which is appreciably soluble in 
methyl iodide, is completely converted into methyl palmitate by 
boiling with this solvent for 4 hours. Again the thallous salt of 
ethyl acetoacetate, readily soluble in cold ethyl iodide, requires 
3 hours for ethylation, and the amorphous yellow trithaUmm methyl¬ 
glucoside , insoluble in methyl iodide, gives, after treatment for 
5 hours, a trimethyl methylglucoside in good yield. On the 
other hand, treatment of the well-crystallised, sparingly soluble 
tetrathallium tartrate with boiling methyl iodide for 100 hours 
gives an incompletely methylated product, whilst an . attempt to 
methylate the thallous salt of o-nitrophenol had to be discontinued. 
The preparation of trimethyl methylglucoside from trithallium 
methylglucoside is interesting in view of McKenzie’s suggestion 
(J., 1899, 75, 765} that the most plausible explanation of methyl- 
ation by Purdie’s silver oxide method is that an intermediate 
unstable silver derivative is formed which subsequently undergoes 
double decomposition with the alkyl halides (see also Lander, J., 
1900, 77, 747; 1903, 83, 416). 

The rotations observed both in this case and in that of the 
product of methylation of tetrathallium tartrate indicate that at 
any rate in these instances racemisation does not occur. 
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Experimental. 

Treatment of their thallous salts with alkyl iodides affords a 
useful means of preparing small quantities of the esters of higher 
fatty acids. Thus from 047 g. and 0*55 g. of thallous stearate, 
0-18 g. (m. p, 38-5°; yield 62%) and 0*26 g. (m. p. 37-5°; yield 
79%) of methyl stearate were obtained, respectively, after refluxing 
for 4 hours with methyl iodide, and recovery of excess of this 
solvent, by extracting the resulting mixture of methyl stearate and 
thallous iodide with ether (Pound in the latter sample: C, 764; 
H, 12-9. Calc., C, 764; H, 12*8%). By using larger quantities 
of material and benzene as solvent, almost theoretical yields may 
be obtained, thus 3*24 g. (theory, 3*26 g.) of methyl stearate (m. p. 
38*5°) were produced by boiling 5*33 g. of thallous stearate with 
methyl iodide in benzene, a quantitative yield of thallous iodide 
also resulting. 

The smaller-scale preparations, however, illustrate a convenient 
technique when small quantities of the higher fatty acids are under 
examination, it being easy to obtain from less than 1 g. of the 
acid its titration value, and its ethyl or methyl ester pure and in 
quantity sufficient for analysis and determination of melting point. 
Thus 0-579 g. and 0*557 g. of palmitic acid dissolved in alcohol 
required respectively 7*5 c.c. and 7*0 c.c. of 0*307$ r *aqueous thallous 
hydroxide (calc., 7-35 c.c. and 7*0 c.c.). On evaporation of the 
solution resulting from the former titration and treatment of the 
residual dry thallous palmitate with boiling methyl iodide, 0-4 g. 
of methyl palmitate was obtained (yield 66%; m. p. after recrystal- 
lisation from methyl alcohol 29*5°. Found: C, 754; H, 13-0. 
Calc., C, 75*5; H, 12*7%). Evaporation to dryness before treat¬ 
ment with methyl iodide is essential, as, on addition of methyl 
iodide to the solution resulting from the second titration and boiling 
under reflux as before, a product was obtained which had an acid 
reaction and a high melting point (31-5°). 

By using propyl iodide, 2 g. of propyl palmitate were obtained 
from 5 g. of thall ous palmitate by boiling for 1 hour (yield 63%; 
m. p. 15-3—154°, b. p. 209°/22 mm. Pound : C, 76-5; H, 12-95. 
Ci^HjgOa requires C, 76-4; H, 12*8%). The low yield was due to 
loss in manipulation. 

Ethylation of Ethyl Aceioaceiaie .—A boiling solution of 23-4 g. of 
thallous ethyl acetoacetate (Christie and Menzies. J., 1925, 127, 
2372) in ethyl iodide rapidly deposited thallous iodide as a brick-red 
powder which became yellow after 2 hours. After boiling for a 
further hour, it was filtered off from the cooled mixture (yield, 
21-8 g. ; calc., 23*3 g.). On fractionation, 8*6 g. of ethyl ethyl- 
acetoacet&te (yield 77*5%) distilled between 192° and 195° (tmcorr.)/ 
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756 mm. (Found; C, 60*7; H, 9*0. Calc., C, 60-7; H, 8*9%. 
DJf. 0*9924, nf 1*4237. jBd, 40*72. Calc, for keto-form, 40*98, 
for enol-form, 41*92; and for the isomeric ethyl p-ethoxycrotonate, 
42*08. Compare Lander, loc. cit., p. 738). 

Trithallium methylglucoside may be obtained in good yield as 
a yellow, amorphous powder by adding methylglucoside dissolved 
in a little water to a hot concentrated solution of thallous hydroxide. 
If 4 equivalents of the latter be used to each molecular equivalent 
of methylglucoside, the thallium content of the product approxim¬ 
ates closely to that required for trithallium methylglucoside (Found 
as iodide : Tl, 76*4, 76*15. C 7 H n 0 6 Tl s requires Tl, 76*2%). The 
trithallium methylglucoside used for the metkylation described 
below was prepared from 21*6 g. of a-methylglucoside (m. p. 165*5°; 
[a] D +158*8° for a 5*2% solution in water) in 13 c.e. of water and 
206 c.e. of l*62iV r -thallous hydroxide (3 equivs.), which immediately 
before the addition of the methylglucoside was concentrated by 
boiling to about half-bulk; 76*8 g. (yield 85%) separated at once 
(Found as iodide ; Tl, 73*8%). 36*5 G. of this product were boiled 
with methyl iodide for 5 hours; the reaction was then complete. 
The excess of methyl iodide was removed, and the residue extracted 
with methyl alcohol; 9*8 g. of syrup (dried in a vacuum at 100°) 
were obtained, the theoretical yield calculated for trimethyl methyl¬ 
glucoside being 10*7 g. On distillation three fractions were obtained : 
(1) 2*25 g., b. p. 137°/2*2 mm.; (2) 4*35 g., b. p. 136*6°/2*3 mm. to 
137*2°/1*5 mm.; (3) 1 g,, b. p. 140°/2*5 mm. to 164°/1*8 mm. The 
optical and analytical data are in the following table : 


«*• 

[a]* in water. 

[a]* * in ethyl 
alcohol. 


H%. 

DMe%- 

(1) 1*4669 

164" (1*6%) 

165-9° (0-8%) 

50-4 

8*65 

50*4 

(2) 1-4692 

153*1° (1*2%) 

154*6° (1*2%) 

50*9 

8-5 

49*0 

(3) 1*464 

Calc, for trimethyl methylglucoside : 

50-8 

8*5 

46*0 

52*5 


* Compare Pnrdie and Bridgets, J., 1903, 83, 1037, and Haworth, J., 
1915, 107, 13. 


Attempted Preparation of Methyl IHinethoxymecinate .—From 
75 g. of tetrathallium tartrate, boiled under reflux with methyl 
iodide for approximately 100 hours, 12*5 g. of a syrup were obtained, 
which distilled as a homogeneous liquid, b. p. 146°/25 mm. to 
146*I°/23 mm., rc* 1-4363, [a]* 72*17° (Found: OMe, 50-8, 51*6. 
Calc, for four methoxy-groups, OMe, 60*2%; for three methoxy- 
groups, OMe, 48*4%). The syrup did not solidify and a 
nucleus of methyl dimethoxysuccinate, kindly supplied by Pro¬ 
fessor Haworth, was dissolved. 

Preparation of o-Metlioxybenzaldehyde. —From 20*2 g. of thallous 
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salicylaldehy de, refluxed for 50 hours with methyl iodide in benzene, 
after removal of unchanged thallium salicylaldehyde by agitation 
with aqueous sodium hydroxide and subsequent distillation in 
steam, 5*2 g. of o-methoxybenzaldehyde, m. p. 36-3° (yield 62%) 
were obtained (Found : OMe, 21-0. Calc., OMe, 22*8%) (compare 
Irvine, J., 1901, 79, 668). 

The authors wish to acknowledge with thanks further grants 
from the Research Fund Committee of the Chemical Society and 
the Colston Research Committee. 

University or Bristol. [. Received, February 21th, 1926.] 


CXXXII .—Determination of the Bate of Hydrolysis of 
Sparingly Soluble Esters . 

By R. Christie Smith and H. A. Paterson. 

The rate of hydrolysis of esters is most conveniently determined 
by estimating the amount of free acid formed at successive intervals. 
With sparingly soluble esters this involves the use either of large 
quantities of ester solutions, or of smaller quantities, giving relatively 
larger percentage errors. The use of strong acid (or base) for 
hydrolysis in order to speed up the reaction and so give increased 
titrations, brings in its train the difficulty of accurately determin¬ 
ing the amount of base (e.g., baryta) necessary for neutralisation 
of the acid. A method has been evolved which minimises the above 
difficulties. 

In the reaction equation dzfdi = kO the velocity coefficient can 
be interpreted as the fraction of the concentration C which is con¬ 
verted in the unit of time di, and, for our purpose, it will be 
sufficiently accurate to define k as the fraction of the concentration 
C transformed in one minute. If, therefore, the solution is kept 
with a constant concentration C of ester, the same amount of ester 
will be transformed every minute. Hence it will only be necessary 
to keep the solution with a constant concentration of ester during a 
sufficiently long period to allow of a reasonable titration being 
obtained. The most convenient concentration is, of course, that of 
saturation. Hence if x c.c. of ^-baryta represent the amount of 
ester transformed per minute in a 25 c.c. sample, the weight of ester 
transformed in 100 c.c. is 0*004 Mx g. 

In order to test the accuracy with which k could be determined 
by this method, propyl acetate, ethyl propionate, and propyl 
butyrate (see Table I), whose velocity coefficients could also be 
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determined in the usual way, were chosen. The results do not show 
such good agreement in the case of propyl acetate as of propyl 
butyrate, but this is ascribed to the fact that propyl acetate is more 
soluble, and hence diluted the aqueous layer to an abnormal extent 
(see below). 


Table I. Table II. 

k (homo- k (hetero- k (by Solubility 

geneous geneous new (g. per 

Ester. method), method). Ester. method). 100 c.c.). 

Propyl acetate . 0-0063 0-0061 Benzyl acetate . 0*0051 0-234 

Ethyl propionate 0-0068 0-0071 Benzyl propionate 0-0056 0-078 

Propyl butyrate. 0-0039 0-0039 Phenyl acetate . 0-0046 0-588 

The velocity coefficients for the homogeneous reaction were 
determined in the usual manner. For the heterogeneous reaction 
of the substances in Table I, 250 c.c. of ^-hydrochloric acid were 
shaken with an excess of the ester in a 300 c.c. ground-stoppered 
bottle in a rotary thermostat at 25°. At intervals, 25 c.c. of solution 
were withdrawn, 25 c.c. of JV-sodium hydroxide added, and the 
excess of acid was titrated with baryta, the amount of ester 
transformed per minute being calculated from the titre. In the 
cases of benzyl acetate, benzyl propionate, and phenyl acetate, only 
25 c.c. of iV'-hydrochloric acid were placed in the bottle, an excess of 
ester was added, and, after a given period in the thermostat, the 
whole was titrated. To ensure greater accuracy, the additions of 
normal acid and base were checked by weighing. The solubilities 
of these esters were determined by basic hydrolysis of 25 c.c. of 
saturated solution. The results are in Table II. 

University of Glasgow. [Received, February 27th, 1926.] 


CXXXHI .—Experiments on the Synthesis of Brazilin 
and Hcemcdoxylin and their Derivatives. Part J. 
Veratrylidene^J-methoxychromanone and an Account 
of a New Synthesis of some Benzopyrylium Salts . 

By William Henry Perrin, jun., Jnanenbra Nath RIy, and 
Robert Robinson. 

The investigation of brazilin and haematoxylin by analytical 
methods, commenced in 1901 (Part I, Gilbody, Perkin, and Yates, 
J., 79, 1401) and completed in 1909 (Part X, Perkin and Robinson, 
J., 95, 381), resulted in the demonstration that brazilin has the 
constitution (I) and that haematoxylin is an analogous derivative 
of pyrogailol. In the course of the work a number of derivatives 
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of brazilm and haematoxylin were synthesised, the more important 
being anhydrobrazdlic acid, brazil i n i c acid, and the lactones of 
dihydrobrazilinic and dibydrohsematoxylinic acids (Perkin and 
Robinson). Brazilirric acid (BE) is an example of a derivative con¬ 
taining all the carbon atoms of trimethylbrazilin, and the correct¬ 
ness of the carbon skeleton of (I) was further confirmed by the 


<!■> 


OH 

Bfi | CEL* 


CHg-COaH 


HO! 


O 

rV* 

\/ 


H- 




OH 


Meol 


0 HO.c/NoMe 

y^^CO—l^OMe 


(H.) 


\/ 


synthesis of isobrazilein and of isohsematein (Crabtree and Robinson, 
J., 1918, 113, 859; 1922, 121, 1033), substances which contain 
intact the ring-system of brazilin. There exists, however, no 
synthetical * proof of the position of the hydroxyl group in (I), 
since the production of 3 :7-dihydroxychromone, an oxidation 
product of brazilein (Schall and Dralle, Her., 1888, 21, 3016), could 
be explained in a natural manner by several brazilein formulae and, 
for example, by that in which the hydroxyl is in the position 
denoted by an asterisk in (I). Apart from this consideration an 
obvious interest attaches to the synthesis of brazilin, an interest 
which is only heightened by the difficulty of the problem and by tire 
probable necessity of devising new methods for its solution* In 
1911, Tschitschibabin and Nikitin (/. Puss. Phys. Gkem. Soc., 43, 
1185) published a note on 7-methoxychromanone (HU), and this led 
two of us to submit a preliminary note (P., 1912, 28, 7) on the 
experiments which had been made on the same subject with the 
object of synthesising trimethylbrazilin. 


O 

pjiayYV, 


o 

MeO/V^CHj OMe 
UwCICH^SOIb 
GO 


(IV.) 


3-Yeratrylidene-7-methoxychromanone (IT), m. p. 140°, was 
described in the note of 1912 and comment was made on its close 
relationship to trimethylbrazilin. Pfeiffer and Grimmer (Ber., 
1917, 50, 911) then announced their intention of attacking the 
problem of the synthesis of brazilin and its derivatives and selected 
the method indicated in the above-mentioned note of 1912. These 

* The position assigned to the hydroxyl in (I) is indicated by the fact that 
tetojnethyldihydrobrazilemol yields trimethylbrazilone on oxidation (Engels, 
Perkin, and Robinson, J., 1908,98, 1130). 
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authors reported the preparation of anisyHdene-7-methoxy- 
chromanone, and in consequence the fact that a nearer relative of 
brazilin, namely, veratryMene-7-methoxychromanone, had been 
prepared was pointed out in a footnote to a paper in this Journal 
(1918, 113, 859). Undeterred by this, Pfeiffer and Emmer (Ber.> 
1920, S3, 945) proceeded to the preparation of veratryIidene-7- 
methoxyehromanone, m. p. 140°, and stated that they had succeeded 
in reducing the substance to a dihydro-derivative (V) by means of 
hydrogen in the presence of platinum black. 


CEL* CH2 

1 } V t o 

/y co 

MeO^ 1 


CHa CH 2 


i^yOMe 


MeO 


X/ 3 

u 


■\/ 


;OMe 

!OMe 


(VI.) 


The experiments on this subject, interrupted at the time because of 
other interests, have now been resumed, and in this comm u n i cation 
we bring together some observations arising out of work as yet 
unfinished. The preparation of (V) was one of the primary objects 
of the investigation, since dehydration to (VI) should be feasible. 
We are, however, of the opinion, for various reasons, that the product 
of the catalytic * hydrogenation of veratryhdene-7-methoxy* 
chromanone is 3-homo veratryl-7-methoxychroman (YU) and not 
the ketone (V) as suggested by Pfeiffer and Emmer (loc. tit.). 

O _OMe OMe 

MeO/V^CS, _OMe MeO<( \cO-CH:CH<f~SOMe 

y/XyCH-CK,-/ /OMe OMe ~ 

(VII.) CBLj X (VIII.) 

This result is by no means unique, since Ereudenberg ( Ber 1920, 
53, 1416) has shown that the pentamethoxychalkone ( VJLii) is re¬ 
duced to the related diphenylpropane derivative by hydrogen in 
presence of spongy platinum. 

Eurther attempts to reduce veratrylidene-7 -methoxychromanone 
to a dihydro-derivative will be made. Our objects in making 
certain further experiments are explained in the sequel (pp. 947,948, 
950). In the presence of acid condensing agents veratrylidene-7- 
methoxychromanone (IV) might be expected to undergo internal 
condensation with formation of isobrazilein salts, readily recognis¬ 
able on account of the intense green fluorescence which they exhibit. 
Under several sets of conditions it was, in fact, noticed that sub¬ 
stances exhibiting intense green fluorescence could be derived from 


* We employed paPadium as the catalyst, but it should be noted, that 
platinum is usually regarded as even more efficient. 
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veratrylidene-7-methosychromanone. The yield was usually very 
small, but when the unsaturated ketone was dissolved in acetic 
anhydride and anhydrous ferric chloride added, a relatively con¬ 
siderable amount of an oxonium femchloride was produced. The 
new salt was readily purified and exhibited an even more striking 
fluorescence than isobrazilein chloride trimethyl ether. It has the 
composition C 19 H 15 0 5 Cl 4 Fe and is therefore derived from veratryl- 
idenemethoxychromanone, C 19 H 16 0 5 , by some process of oxidation. 
In considering this matter it seemed possible that the pyiylium 
ring, which the salt obviously contained, might be produced, not 
by modification of the heterocyclic system already present, but by 
attachment of the oxygen of the carbonyl group to carbon of the 
veratrole nucleus. The following partial formulae will serve to 
make this suggestion clear : 

FeCl 4 


\ 


O 


w 


+3FeCl, 
-^ 




-f- ^FeCLg HC1 


Such a reaction, leading to the formation of a benzopyrylium salt, 
has not been previously observed, but it is similar, both in principle 
and in method, to Dilthey’s synthesis of pyiylium salts (/. pr. 
Chem., 1916, 94, 53) and it also resembles many methods of pre¬ 
paration of oxazine, thiazine and azine dyestuffs. The simplest 
analogy is furnished by an observation recently made by Qom- 
berg and Nishida (J. Amer. Chem . Soc., 1923, 45, 190): o-hydroxy- 
triphenylcarbinol in solution above 100° yields 9-phenylxanthane 
(X), no doubt through the intermediate (IX). 
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We found support for this view of the reaction in the fact that 
veratrylidene-5:6-dhnethoxyhydrindone (XI) could he similarly 
oxidised to an oxonium ferrichloride (XII), and several further 
cases have been discovered. 
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The process is nevertheless not a very general one and up to the 
present we have only found it to succeed with the veratrylidene, 
o-veratrylidene or piperonylidene derivatives of cyclic ketones. 
Thus veratrylideneacetoveratrone and m- or ^-methoxybenzylidene- 
5 :6-dimethoxyhydrindone gave negative results. 

Eipbeiment al. 

m-Meihoxyphenol .—The conditions for the semi-methylation of 
resorcinol have been studied and the following process has been 
devised. Potassium hydroxide (40 g.) dissolved in water (100 c.c.) 
was gradually added to a mixture of resorcinol (110 g.), alcohol 
(100 c.c.), and methyl sulphate (120 c.c.), which was frequently 
shaken and cooled in running water. An hour afterwards, an 
equal quantity of aqueous potassium hydroxide was gradually 
introduced and final ly the mixture was heated on the steam-bath 
for 45 minutes. The solution was then acidified, extracted with 
benzene and the separated benzene layer was washed with aqueous 
sodium hydroxide until nothing more was removed. The alkaline 
solutions were acidified and again extracted with benzene. This 
process removes unchanged resorcinol and resorcinol dimethyl 
ether may be recovered from the first benzene solution. The 
second benzene extract was dried and distilled, 50 g.,b. p. 240—242°, 
being obtained. 

$-m~Mdhoxyphe7iozypropionic Acid .— This substance was 
originally obtained from m-methoxyphenol in aqueous alkaline 
solution by interaction with g-iodopropionic acid. The use of 
g-bromopropionie acid results in rather improved yields, but g- 
cbloropropionic acid is still better. A solution of g-chloropropionic 
acid (60 g.) in water <225 c.c.) and sodium bicarbonate (45*3 g.) was 
mix ed with one of *?&-methoxyphenol (67*5 g.) in aqueous potassium 
hydroxide (100 c.c. of 30%), and the liquid heated on the steam- 
bath for 3 hours. After acidification, the mixture was extracted 
with ether, and the acid removed from the extract by me ans of 
aqueous sodium bicarbonate. g-tra-Methoxyphenoxypropionic acid 
(30 g.) and recovered m-methoxyphenol (28—30g.) were ultimately 
isolated. 

We refrain from detailed descriptions of the substances mentioned 
in the note of 1912 (loc cii.), the properties of which have sin ce 
been placed on record by Pfeiffer and his colleagues. 

m-g-Hydroxyethoxyanisole, b. p. 290°/15 mm., was prepared from 
m-methoxyphenol, sodium ethoxide, and ethylene ehlorohydrin 
in alcoholic solution. In an attempt to replace the hydroxyl 
group in this substance by bromine with the ultimate object of 
preparing g-m-methoxyphenoxypropionitrile, a curious result was 

II 
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obtained. The glycol ether (11 g.) was dissolved in benzene and 
phosphorus tribromide (20 g.) added, causing a copious evolution 
of hydrogen bromide. The mixture was gently heated in the steam- 
bath for 2 hours, and the neutral product isolated. This was dis¬ 
solved in alcohol, and the solution boiled for 3 hours after the intro¬ 
duction of a concentrated aqueous solution of potassium cyanide 
(5 g.). On addition of water, a solid (6 g.) was precipitated and the 
substance crystallised from alcohol in long, colourless needles, 
m. p. 65° (Found: C, 70-1; H, 6-6. C 16 H 18 0 4 requires C, 70*1; 

6*5%). The substance appears to be the ethylene ether of 
ro-methoxyphenol, Me0*C 6 H 4 *0*CH 2 *CH 2 *G*C 6 H 4 *0Me. 

l-Methozychrcmuznorie (HE) has been prepared by several methods 
but, although it is not satisfactory, the original process of dehydration 
of methoxyphenoxypropionic acid in benzene solution by means of 
phosphoric anhydride is still the best. Phosphoric anhydride 
(80—90 g.) was gradually added to a gently boiling solution of 
methoxyphenoxypropionic acid (30 g.) in benzene (200 c.c.). After 
heating for 4 hours, the neutral ketone was isolated and purified by 
distillation. The yield was 6—8 g., b. p. 197°/30 mm., m. p. 56° after 
crystallisation from light petroleum. The semicarbazone separates 
from alcohol in glistening plates, m. p. 222° (decomp.). 

3-F erairylidme-7-methozychroTmiione (IV).—This substance was 
at first prepared by condensation of 7-methoxychromanone and 
veratraldehyde in methyl-alcoholic solution in presence of potassium 
hydroxide, but the following is a much improved method. A rapid 
stream of hydrogen chloride was passed for one hour through a 
solution of methoxychromanone (5 g.) and veratraldehyde (5 g.) 
in acetic acid (10 c.c.) cooled in a freeing mixture. Next day the 
deep red solution was filled with a red crystalline mass of the 
hydrochloride of the unsaturated ketone and this was collected and 
decomposed with crushed ice. The substance was finally crystallised 
from much methyl alcohol, separating in colourless needles, m. p. 
141°. The yield was 5*6 g. 

Z-Hcvnoveratryl*l~mdhoxycforoman (VII).—A solution of 
veratrylidene-7-methoxychromanone (7 g.) in acetic acid (200 c.c.) 
was mixed with aqueous palladous chloride (30 c.c. of 1%) and 
agitated in an atmosphere of hydrogen until absorption of the gas 
slackened. The temperature was then raised to 50—60° and the 
agitation in hydrogen continued for about 6 hours. Most of the 
acetic acid was removed from the filtered solution by distillation 
under diminished pressure, and the residue neutralised with aqueous 
sodium carbonate. The colourless solid which was precipitated 
waa collected and when once crystallised from methyl alcohol had 
m. p.This is the m. p. assigned by Pfeiffer and Emmer (foe. eft.) 
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to the supposed ketonic product of the catalytic hydrogenation of 
veratrylidenemethoxycliromanone. After three or four successive 
crystallisations from methyl alcohol or from aqueous acetone, the 
substance is obtained in slender, colourless needles, m. p. 96—97° 
(Found: C, 72*2; H, 7*2. C 19 B^ 2 0 4 requires C, 72*6; H, 7*0%). 
The substance dissolves in sulphuric acid to a pale rose solution and 
is inactive towards reagents for the carbonyl group. We do not 
go so far as to assert that the products of the hydrogenation of 
veratrylidenemethosychromanone in presence of platinum {Pfeiffer 
and Emmer) and of palladium are identical, although we think it 
probable that this will prove to be the case.* We have not been 
able to isolate any product of the reduction other than that here 
described and it is noteworthy that, whereas the semicarbazone of 
the reduction product of anisylidenemethosychromanone was 
described (Pfeiffer and Emmer, loc. cit .), no proof, other than analysis, 
was offered of the ketonic nature of the reduction product, m. p. 
89°, of veratrylidenemethoxychromanone. 

Di-w-d-n itmpiperanylisobu tyrophenone, 

p-rr /0- i / \cH 2 *CHBz*CH 2 f / V 0 ^rTT 

—Attempts are in progress to introduce the homoveratryl group 
into 7-methoxyehromanone by a direct process and preliminary 
experiments on the interaction of the sodium derivative of aceto¬ 
phenone and homopiperonyl f bromide have been made. Powdered 
sodamide (2 g.) was added to acetophenone (6 c.e). dissolved in dry 
ether (75 c.e.) and, after the mixture had been occasionally shaken 
during an hour, homopiperonyl bromide (11 g.) was added to the 
clear solution. The mixture was heated on the steam-bath for 1 
hour, water was added, and ether and acetophenone were removed in 

* It would be anticipated that the m. p. of a chromanone should he higher 
than that of the related chroman. 

t Possibly on account of its close relation to piperonal the alcohol 
CH a O t '.C fl H 3 *CH 2 ‘OH has been called piperonyl alcohol, and consequently 
the amine, CH a O J :C 3 H 8 *CH # -CB[ 2 *NH 2 , has been named homopiperonyl amine . 
This nomenclature is, however, erroneous and its continuance must necessarily 
create confusion. The historical case for regarding the group CH a 0 2 lC 6 H 3 * 
as piperonyl is overwhelming; thus Ladenburg termed 
CH 2 0 2 :C e H s -CH:CH-CH0, 

piperonylaerolein and the words piperonyl, veratryl, and anisyl have been 
very widely employed to indicate the corresponding substituted phenyl 
groups. The compound often called piperonyl alcohol is really homopiperonyl 
alcohol and the base for which the usual name is homopiperonylamine is best 
termed jS-piperonylcthylamino. It is obviously undesirable to employ one 
and the same word to denote two different radicals (compare Robinson and 
Robinson, J., 1914, 105, 1461; Oberlin, Arch . Pharm>> 1925, 9, 10). 

1X2 
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a current of steam. The residual yellow oil could not be crystallised 
but, on nitration in acetic acid solution, it yielded a compound 
which crystallised from benzene in needles, m. p. 193° with sintering 
at 175° (Found: C, 51-5; H, 3*5. C 1 ? H 13 0 8 N 3 requires G, 51*2; 
H, 3*5%). The substance appears to be dinitrodihornopipeTonylamiTie, 
CH 2 0 2 :C 6 H 2 fN0 2 )*CH 2 *lSH*CB^*C 6 H 2 (N0 2 )I0 2 CH 2 , obtained from 
homopiperonyl bromide and am m onia followed by nitration. The 
experiment was therefore repeated under the same conditions with 
the single exception that ammonia was removed from the ethereal 
solution by means of a current of nitrogen before introduction of 
the homopiperonyl bromide. In this case also the product was an 
oil which gave a nitro-derivative, crystallising from benzene in 
slender needles, m. p. 160—161° (Found: C, 604, 60*3; H, 3*9, 
4*0; N, 6 * 0 . C 24 H 18 0 9 N 2 requires C, 60*3; H, 3*8; N, 5*9%). The 
composition of this substance is in agreement with the hypothesis 
that it is the ketone figured at the head of this section. We have 
not yet completed our experiments on the homoveratrylation of 
methoxychromanone, but it may be mentioned that in the course 
of the preparation of homoveratryl alcohol a further case of the 
production of a derivative of cinnamic acid in a Cannizzaro reaction, 
carried out in the presence of ethyl alcohol, has been observed 
(compare Perkin and Stoyle, J., 1923, 123, 3174). Potassium 
hydroxide (30 g.) dissolved in ethyl alcohol (75 c.c. of 98%) was added 
to veratraldehyde (20 g.) dissolved in the same solvent (25 c.c.). 
Next day, the crystals which had separated were collected and 
found to consist of potassium 3 : 4 -dimethoxyciimamate and to 
yield 7*8 g. of the corresponding acid. Veratrie acid and homo¬ 
veratryl alcohol were isolated from the filtrate in the usual manner. 

2-jB romo-5 : S-dimzthozy -1 -hydrindone, C 6 H 2 (OMe) 2 <C^^^ > CHBr. 

—A portion (18 c.c.) of a solution of bromine (1 c.c.) in carbon 
tetrachloride (20 c.c.) was gradually added to 5: 6 -dimethoxy- 
hydrindone (3*0 g.) dissolved in warm carbon tetrachloride (30 c.c.). 
After 1 hour the thick paste that had been produced (3*0 g.) was 
washed with carbon tetrachloride; it crystallised from alcohol in 
very pale yellow, rectangular plates, m. p. 157° (Found : Br, 28*3. 
CijH^OgBr requires Br, 29*5%). 

2-Cyano-5 : 6-dimethoxy-l-hydri7idone } C 6 H 2 (OMe) 2 <^g ^>CH*CN. 

—This substance was prepared in order to attempt the synthesis of 
a coumarm derivative by condensation with resorcinol. Such a 
substance would be closely related to trimethylbrazilin. A mixture 
of 2-bromo-5: 8 -dimethoxy«l-hydrindone (3 g.), alcohol (40 c*c. of 
95%), p 0 ta^ium cyanide ( 1*5 g.), and water (20 c.c.) was boiled 
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under reflux for 3 hours, then cooled, acidified with acetic acid, and 
extracted with ether. The residue left after removal of the solvent 
from the extract crystallised from alcohol in clusters of radiating 
needles (1—1*5 g.), m. p. 174° (Found : C, 66-1; H, 4*8. 
requires C, 66*3; H, 5*0%). The substance dissolves in dilute 
aqueous potassium hydroxide to a very pale yellow solution and 
gives no coloration with alcoholic ferric chloride. On hydrolysis 
with boiling 50% sulphuric acid, 5:6-dimethoxyhydrmdone, 
identified by conversion into its piperonylidene derivative, m. p. 
245°, was obtained. In a subsequent experiment, the proportion 
of water employed was reduced, and in this case, in addition to the 
above-described nitrile, a polymeric modification or condensation 
product of it was obtained. Bromo-5 :6-dimethoxyhydrindone 
(10 g.), absolute alcohol (60 c.c.), potassium cyanide (3*5 g.), and 
water (5 c.c.) were mixed and then boiled under reflux for 2 hours, 
water (10 c.c.) being gradually introduced during this period* The 
product was added to water, and the solid (5 g.) collected. On 
acidification the filtrate gave 1*5 g. of the normal nitrile. The main 
product was sparingly soluble in most organic solvents and crystal¬ 
lised from glacial acetic acid in needles, m. p. 256—257° to a red 
liquid (Found : C, 66*4; H, 5*4%). The substance is insoluble in 
dilute aqueous potassium hydroxide. 

Ethyl 5 : Q-Dimethoxy-l-hydrindone-2-carboxylaie, 

C G H 2 (0Me) 2 <gg>CH-C0 2 Et. 

—A solution of the nitrile, m. p. 174°, described in the last section, in 
20 times its weight of absolute alcohol was saturated with hydrogen 
chloride at the ordinary temperature for 3 hours, then boiled for 
10 minutes and added to ice-cold water. The solid which separated 
crystallised from alcohol in colourless needles, m. p. 138° (decomp.) 
(Found: C, 63*9; H, 6*3. C 14 H 16 O s requires C, 63*6; H, 6*1%). 
This ester gives with ferric chloride in alcoholic solution a transient 
green and then a blue coloration. We have not yet prepared a 
coumarin derivative from either the nitrile or the ester by condens¬ 
ation with resorcinol, although a number of trials have been made. 

5 : 6-Dimethozy -1 -hydrindone-resorcinol. 



MeO/\-C(0H)*0-/N0H( ?) 

u 

ch 2 


—A solution of dimethoxybydrindone (9*0 g.) and resorcinol (7*0 g.) 
in acetic acid (35 c.c.) was saturated with hydrogen chloride in the 
cold, kept for 1 hour, and added to water (150 c.c.). The resulting 
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clear liquid was neutralised with sodium carbonate; the yellow, 
crystalline deposit separated from boiling water in silky needles, 
m. p. 78° (Found : C, 67*9; H, 6*0. C 17 H 18 0 5 requires C, 67*6; 
H, 5*9%). A small quantity of a yellow oil was separated in the 
above process on account of its sparing solubility in hot water. 
This consists of a substance which crystallises from methyl alcohol 
in needles, m. p. 227°. The by-product has not yet been further 
examined, nor has the compound, m. p. 78°, been characterised by 
the preparation of derivatives. It is remarkably sensitive to alkalis, 
being quantitatively resolved into its components, namely, di- 
methoxyhydrindone and resorcinol, by means of cold aqueous 
sodium hydroxide. Attempts to prepare an indene derivative by 
dehydration of this substance were fruitless. It is not a mere 
molecular compound, since it is not obtained in the absence of a 
condensing agent. 

2 : 3 - [7 - Methoxychromeno (4 : 3)] - 6 : 7 - dimethoxybenzopyrylium 
Ferrichloride, 



—Anhydrous ferric chloride (5*0 g.) was added to a solution of 
veratryMene-7-methoxychromanone (1*0 g.) in acetic anhydride 
(25 c.c.) and when the reaction had subsided a further quantity of 
ferric chloride (3*0 g.) was added. After 10 minutes, the product 
was added to water (250 c.c.), and a ferrichloride precipitated by 
addition of a concentrated solution of ferric chloride in hydrochloric 
acid. The substance (yield almost quantitative) crystallised from 
acetic acid in crimson, prismatic needles, m. p. 213°, exhibiting a 
blue reflex (Found: 0, 43*7, 43*4; H, 3*5, 3*2. C 19 H 15 0 5 Cl 4 Fe 
requires C, 43*6; H, 3*3%). Solutions of this salt in all solvents 
and particularly those in alcohol and acetic acid exhibit an extra¬ 
ordinarily brilliant greenish-yellow fluorescence. The salt is very 
sparingly soluble in acetic acid and more readily soluble in hot 
formic acid. 

2-m-Methoxybenzylidene-5 : 6-dimethoxy-l-hydrindone .—This com¬ 
pound was obtained by condensation of dimethoxyhydrindone and 
m-methoxybenzaldehyde in hot alcoholic solution containing a few 
drops of concentrated aqueous potassium hydroxide. The yield 
was practically quantitative and the sparingly soluble substance 
crystallised from ethyl acetate in pale yellow needles, m. p. 164— 
165° (Found : C, 73*6; H, 5*7. C 19 H 18 0 4 requires C, 73*5; H, 5*8%), 
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Neither this substance nor the isomeric anisylidenedimethoxy- 
hydrindone could be converted into a pyrylium salt by means of 
ferric chloride in acetic anhydride solution. 

3 : 4 -Dimethoxystyryl Veratryl Ketone , 

MeO/NcHICH-CO^NoMe 

—An ethyl-alcoholic solution of equivalent quantities of veratralde- 
hyde and acetoveratrone, together with a few drops of concen¬ 
trated aqueous potassium hydroxide, was boiled for 10 minutes. 
The oil then precipitated by water solidified on repeated washing 
with cold water and aqueous alcohol. The substance crystallised 
from alcohol in flat, yellow prisms, m. p. 116° (Found: C, 69*3; 
H, 6*1. C 19 H 20 O 6 requires C, 69*5; H, 6-1%). The compound is 
not changed to a pyrylium salt by the action of ferric chloride in 
acetic anhydride solution. This fact may be compared with the 
ready conversion of veratrylidenedimethoxyhydrindone into an 
oxonium ferrichloride by oxidation with ferric chloride. In the 
latter case, the carbon atoms in the asterisked positions in the above 
formula are connected by a methylene group. 

2- Veratrylidene-4 :: 6-dimethoxycoumaranone, 

C 6 H 2 (OMe) 2 <Q^>C:CH*C 6 H 3 (OMe) a . 

—A solution of equivalent quantities of veratraldehyde and 4 :6- 
dimethoxycoumaranone (Sonn, Ber., 1917, 50, 1265) in five times 
their weight of acetic acid was cooled in a freezing mixture and 
saturated with hydrogen chloride. The liquid was filled with a mass 
of deep red crystals of a hydrochloride in 1*5 hours; these were 
collected and decomposed by water, giving a bright yellow substance, 
which crystallised from alcohol in needles, ,m, p. 175° (Found: 
C, 66*1; H, 4*9. C 19 H 18 0 6 requires C, 66*6; H, 5*2%). No 
pyrylium salt could be isolated from the product of the action of 
ferric chloride and acetic anhydride on this substance. 

2- Veratrylidene -1 -hydrindone, C 6 H 4 <CQ^P > C!CH*C 6 H 3 (OMe) 2 .— 

An ice-cold mixture of veratraldehyde (4*5 g.), a-hydrindone (3 g.), 
and acetic acid (15 c.c.) was saturated with hydrogen chloride and 
after 3 hours the scarlet hydrochloride was collected, washed with 
acetic acid, and decomposed with water; the resulting yellow 
compound crystallised from acetic acid in prisms, m. p. 175° (Found : 
C, 76*6; H, 5*8. 0 18 H 16 0 3 requires C, 77*2; H, 5*7%). 

2 : 3-Indeno(l : 2)- 6 : 7 - dimethoxybenzopyrylium Ferrichloride 
(formula similar to XII).—Anhydrous ferric chloride (15 g.) was 
$4ded to portions of about 3 g. during an hour to a solution of 
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veratryMene-l-hydrmdone (2 g.) in acetic anhydride (35 c.c.). 
After 2 hours, the dark red mixture was added to a concentrated 
solution of ferric chloride in hydrochloric acid, and the precipitate 
was collected, dried, and extracted with acetic acid; the chocolate 
residue crystallised from absolute formic acid in brownish-red 
prisms, m. p. 237—238°, twinning characteristically with formation 
of a sy m metrical cross (Found : C, 454; H, 3*2. C 18 H 15 0 3 Cl 4 Fe 
requires 0,45-5; H, 3*1%). A similar, even more sparingly soluble, 
ferrichloride may be obtained analogously from piperonylidene- 
hydrindone. 

2 : 3[5 : 6 - Dimethoxyindeno (1 : 2)]-6 : 7 -dimethoxybenzopyrylium 
Ferrichloride (XII).—Anhydrous ferric chloride (10 g.) was gradually 
added to a mechanically stirred solution of 2-veratrylidene-5 : 6- 
dimethoxy-l-hydrindone (Perkin and Robinson, J., 1907, 91, 1073) 
(3*7 g.) in acetic anhydride (50 c.c.) cooled in melting ice. After 
J hour, the vessel was removed from the cooling bath and a further 
equal quantity of sublimed ferric chloride added. After 15 minutes, 
the vessel was immersed in water at 40—50° and stirring continued 
for 20 minutes. Next day, decomposition with aqueous hydro- 
ferriehlorie acid gave a gelatinous precipitate, which was collected 
and became crystalline on boiling with acetic acid. The substance 
crystallised from formic acid in deep brownish-crimson needles, 
m. p. 246—247°, with bluish-green reflex (Found : C, 45-0; H, 3*7. 
C 20 Hi 9 O 6 Cl 4 Fe requires C, 44*9; H, 3*6%). Solutions of this salt 
in alcohol or formic acid exhibit a phenomenal, greenish-yellow 
fluorescence. The substance is insoluble in cold acetic acid and 
sparingly soluble in formic acid. 

2 : 3[5 : 6-Dimethoxyindeno(l : 2)]-6 : 7 -methylenedioxybenzopyryl- 
ium Ferrichloride (formula similar to XII).—Anhydrous ferric 
chloride (20 g.) was gradually added to a stirred solution of 2-piper- 
onylidene-5 : 6-dimethoxy-1 -hydrindone (3*5 g.) in acetic anhydride 
(50 c.c.) during 2 hours. The product, isolated in the usual manner, 
was extracted by acetic acid and crystallised from formic acid in 
haematite-red, microscopic prisms, m. p. 270° (decomp.) (Found : 
C, 43*6; H, 3*0. C i9 H 15 0 5 Cl 4 Fe requires C, 43*8; H, 2*9%). This 
very sparingly soluble substance exhibits a vivid greenish-yellow 
fluorescence in formic acid solution. 

2-(2: Z-Dimethoxybenzylidene)-I-hydrindone, 

C 6 H 4 <^2>C:CH-C 0 H 3 (OMe) 2 . 

—This substance was obtained in almost theoretical yield by the 
methylation of 2-hydroxy-3-methoxybenzylidenehydrindone (Law- 
son and Robinson, J., 1924,125, 207) by means of methyl sulphate 
and potassium hydroxide in alcoholic solution. It crystallises from 
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alcohol in pal© yellow prisms, m. p. 124° (Found : C, 77*2; H, 5*3. 
C 18 H 16 0 8 requires C, 77*2; H, 5*7%). 

2 : Z-Indeno{\ : 2)-5 : 6-dimethoxybenzopyrylium Ferrichloride 
(formula after XII).—Anhydrous ferric chloride (18 g.) was gradually 
added to a stirred solution of 2 : 3-dimethoxybenzylidenehydrindone 
(3 g.) in acetic anhydride (40 c.c.) during 1*5 hours. The product, 
isolated in the usual manner, crystallised from acetic acid in crimson 
leaflets or flat needles, m. p. 168° (Found: C, 45*2; H, 3*3. 
Ci 8 Hi 5 0 3 Cl 4 Fe requires C, 45-5; H, 3*1%). This salt does not 
exhibit strong fluorescence in any solution, o - Veratrylidene- 
hydrindone might have given indeno-8-methoxybenzopyrylium 
ferrichloride, m. p. 187° (Lawson and Robinson, loc. cit.) } by hydrolysis 
of the o-situated methoxyl group, but a mixture of the salts, m. p. 
168° and 187°, melted indefinitely at about 140°. 

2': 3' : 5 : 6-Tetramethozy-2~benzylidene-l-hydrindone } 

C 6 H 2 (OMe) 2 <g^">C:CH-C 6 H 3 (OMe) 2 . 

—The coppery-red potassium salt, resulting from the condensation 
of o-vanillin and 5 : 6-dimethoxyhydrindone in alcoholic solution 
in presence of potassium hydroxide, was methylated by means of 
methyl sulphate. The product crystallised in glistening yellow 
leaflets, m. p. 183—184°, from ethyl acetate-methyl alcohol (Found : 
C, 70*5; H, 5-2. C 20 H 20 O 5 requires C, 70*8; H, 5*6%). Anhydrous 
ferric chloride and acetic anhydride convert this substance into a 
ferrichloride crystallising from formic acid in brick-red leaflets, 
m. p. 211° (decomp.). The m. p. of the salt described below is 
depressed by admixture with this compound, and the salt, m. p. 
211°, is therefore, in all probability, 2 : 3[5 : Q-dimethoxyindeno - 
(1 : 2)]-5 : (y-dimethoxybenzopyrylium ferrichloride . 

2 : 3[5 : 6-Dimethoxyindeno(l : 2)]-&-methoxybenzopyrylium Ferri¬ 
chloride (formula after XII).—A solution of equivalent quantities 
of o-vanillin and 5: 6-dimethoxyhydrindone in acetic acid was 
saturated with hydrogen chloride for 2 hours; it was then diluted 
with water and a ferrichloride precipitated. The latter crystallised 
from much acetic acid in brownish-red needles, m, p. 250° (decomp.) 
(Found: C, 45*1; H, 3*6. C 19 H 17 0 4 Cl 4 Fe requires C, 45*0; H, 
3*3%). Solutions of this salt do not exhibit fluorescence. 

We wish to thank the Chemical Society for a grant which has 
defrayed a part of the expense of this investigation. 

The Universities of Oxford and Manchester. 

[Received) January 14 th, 1926.] 
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Acetyl-o-phenylenediamine and Acetyl-1 : 2 : 3 -benztriazole. By 
Frank Bell and Joseph Kenyon. 

The cumbrous procedure for the preparation of acetyl-o-phenylene- 
diamine described by Leuchs (Ber., 1907, 40, 1085) can with 
advantage be replaced by the following simplified method. 
Aluminium amalgam is added to a solution of o-nitroacetanilide in 
moist ether until the yellow colour of the solution is discharged. 
Owing to its limited solubility in ether, acetyl-o-phenylenediamine 
separates from the solution along with aluminium hydroxide, from 
which it is extracted by means of boiling benzene. It separates 
from benzene in small, lustrous plates, m. p. 132°. 

On addition of the calculated amount of sodium nitrite to a 
solution of this compound in hydrochloric acid, there is produced 
an immediate precipitate of acetyl-1 :2 : 3-benztriazole, which 
crystallises from alcohol in compact needles, m. p. 51° (Found: 
CH 3 *CO, 26*7. C 8 H 7 ON 3 requires CH 3 -CO, 26*7%). Acetyl- 
1:2:3-benztriazole is hydrolysed with extreme ease to give 
1:2: 3-benztriazole (m. p. 98°), which on acetylation reforms the 
acetyl derivative of m. p. 51°.— Battersea Polytechnic, London, 
S.W. 11. [j Received, February 23rd, 1926.] 


Density of Boric Oxide from a Fractional Crystallisation of Boric 
Acid . By Henry Vincent Aird Briscoe, Percy Lucock Bobin- 
son, and George Edward Stephenson. 

A previous communication (Briscoe, Bobinson, and Stephenson, 
J., 1925,127, 155) described a systematic fractional crystallisation 
of boric acid, involving about 1150 crystallisations. As the 
analytical method then applied proved useless to detect any 
differences in the atomic weight of boron resulting from this treat¬ 
ment, two end-fractions of boric acid which were still available were 
converted into boric oxide glass and the densities of these samples 
were compared by the flotation method recently described (idem, 
this vol., p. 70). The flotation liquid was the mixture of penta- 
chloroethane and trimethylene bromide previously used having 
d%™' 1*79773 and d$*' 1*79372. 

The data and results are as follows : 

Flotation Relative 


Origin of Sample. Temp. Density. Atomic weight. 

Head Fraction Series B . 38-18° 1*79415 10*790 

Tail Fraction Series B . 19*00 1*79445 30*796 
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In these determinations, the beads of each sample showed rather 
greater variations in density among themselves than did those 
derived from the various mineral sources (except sample No. 6) 
described in the previous communication. Therefore the authors 
attach little value to the third decimal figure in the present results 
and consider that these simply serve to indicate, in consonance with 
the results of a previous investigation on bromine (Robinson and 
Briscoe, J., 1925, 127, 138), that fractional crystallisation of boric 
acid has produced no change as great as 0*01 in the atomic weight of 
boron. 

The authors desire to acknowledge a grant from the Department 
of Scientific and Industrial Research enabling one of them (G. E. S.) 
to take part in this work.— University of Durham, Armstrong 
College, Newcastle-upon-Tyne. [Received, March 12 th, 1926.] 


A Synthesis of 1: 2 -Dihydroquinaldine. A Correction. By 
Frederick: Alfred Mason. 

In a previous communication (J., 1925, 127, 1032), a description 
was given of a synthesis of “ 1 : 2 - dihydroquinaldine, 5 5 having the 
properties of the substance recorded by Rath (Ber., 1924, 57, 
555). As subsequent work (e.g., Meisenheimer and Stolz, Ber., 
1925, 58, 2330; Konig and Buchheim, ibid., p. 2868) has cast doubts 
upon the validity of some of Rath’s results, a re-examination of the 
present author’s product has been made. The melting points of 
the recrystallised picrates of the e< 1 : 2-dihydroquinaldine ” and of 
quinaldine were carefully compared and no depression was observed 
on admixture, so that the product obtained by the author and 
described as 1 : 2-dihydroquinaldine was in fact a mixture consisting 
largely of quinaldine itself, and the prefix “ 1 :2-dihydro ” should 
accordingly be deleted from the title. From the results of the 
previous analysis, which agreed almost exactly with the theoretical 
figures for dihydroquinaldine (0*0882 g. gave 0*2674 g. C0 2 and 
0*0605 g. H 2 0 : C, 82*7; H, 7*6%. 0*1451 g. gave 12-4 c.c. N 2 at 
18° and 754 mm. N, 9*7%) it now seems certain that the product 
obtained was a mixture of quinaldine and a hydrogenated substance, 
possibly tetrahydroquinaldine or isobutylaniline. This would agree 
with the work of Jones and Evans (J., 1911, 99, 334), who showed 
that the so-called 4 4 aldol base ” from ^-toluidine gave, on treatment 
with acids, a mixture of 2 :6-dimethylquinoline and 2:6-dimethyl- 
tetrahydroquinoline; similar results were obtained with the 44 aldol 
base ” from m-xylidine (compare also Mills, Harris, and Lambourne, 
J., 1921, 119, 1924). 

Owing to the small amount dealt with, attempts to separate the 

11*2 
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mixture were unsuccessful; its exact composition can be settled 
only by further investigation with larger quantities of material.— 
Dyson Perrins Laboratory, Oxford. [Received, March 8th , 
1926.] 


The Reduction of Ethyl Dibenzylacetoacetate . By Ellen 

Susan Hill. 

Dialkyl- and diaryl-substitution products of ethyl acetoacetate 
should, theoretically, be convertible into quaternary hydrocarbons 
by well-known general reactions; ethyl dibenzylacetoacetate, for 
example, might be transformed into ethyKsopropyldibenzyl- 
methane: 

CH 3 -C0U(CH 2 Ph) 2 -C0 2 Et -> CH 3 -CH(0H)-C(CH 2 Ph) 2 -C0 2 Et -> 
CEt(CH 2 Ph) 2 -CMe 2 -OH CEt(CH 2 Ph) 2 -CHMe 2 . 

Many attempts to carry out the first of these stages have been 
made; an alcoholic solution of the ester was treated with sodium, 
sodium amalgam, zinc and acids, hydrogen and colloidal platinum, 
amalgamated zinc and acids; and the ester was treated with 
sodium and amyl alcohol, but the only products isolated were the 
unchanged substance and an acid, m. p. 89° (see below). The ester 
was also unattacked by phosphorus pentachloride and therefore 
could not be reduced indirectly through the dichloro-derivative. 
Its stability under the conditions noted suggests steric hindrance. 

By the action of sodium (twenty times the theoretical) on an 
ethereal solution of the ester floating on sodium hydroxide solution, 
two additional products were isolated. One of these was a neutral 
oil distilling at. about 290° and probably dibenzylacetone (C, 84-6; 
H, 7*2; M, 212. C 17 H 18 0 requires G, 85'7; H, 7-4%; M , 238), 
and the other an acid, crystallising from light petroleum, melting at 
152—153° and probably hydroxyethyldibenzylacetic acid (Found : 
Ag, 27-6. C 18 H 19 0 3 Ag requires Ag, 27*6%). The yields were so 
small that the compounds were not fully identified. 

In attempting to prepare ethyl dibenzylacetoacetate (m. p. 57°) 
by the action of benzyl chloride on a methyl-alcoholic solution of 
sodium methoxide an ester melting at 41° was obtained. This 
was proved to be methyl dibenzylacetate by preparing it from 
dibenzylacetic acid (m. p, 89°) and methyl alcohol. The acid 
(m. p. 89°) obtained by the hydrolysis of ethyl dibenzylaceto¬ 
acetate was proved to be dibenzylacetic acid; it would seem, 
therefore, that the compound described by Eittig and Christ as 
dibenzylacetoacetic acid (Annalen, 1892,268,123) is really dibenzyl¬ 
acetic acid.— University College, Nottingham. [Received, 
January 2lst, 1926.] 
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Synthesis of Naphthathioxins. By Reginald Child and Samttel 

Smiles. 

Lesser and Gad have recently described (Ber. } 1925, 58, 2557) 
experiments on the synthesis of a(3'-naphthathioxin; the present 
note gives the results of experiments made previously with a 
similar object. Di-(3-naphthyl ether when heated with sulphur 
and a trace of iodine at 280° for 3 hours, or when treated with 
sulphur chloride and aluminium chloride, gave small quantities of 
aa'-naphthathioxin (m. p. 165°), which was isolated by means of 
the picrate. On the other hand, in accordance with the experience 
of Lesser and Gad, attempts to obtain ag'-naphthathioxin by 
similar treatment of a-naphthyl (3 -naphthyl ether were unsuccessful 
Lesser and Gad obtained 4-chloro-a-naphthyl (3-naphthyl 2:1'- 
sulphide by treating a mixture of (3-naphthol and 4-chloro-a- 
naphthol with sulphur chloride; but the substance is readily 
obtained in quantity from the reaction of (3-naphthol with 4-chloro- 
a-naphthyl 2-sulphur bromide, the latter substance being formed 
from bromine and the corresponding disulphide in carbon tetra¬ 
chloride. The corresponding sulphur chloride could not be obtained, 
owing to the ease with which chlorine displaces sulphur from the 
disulphide. Treatment of the foregoing a(3'-sulphide with dehydr¬ 
ating agents gave a small yield of a substance (m. p. 157°) which 
from its properties appears to be a naphthathioxin.— King’s 
College, London. [Received, February 3rd , 1926.] 


Critical Temperature of Mercury. By Leonard Alfred Sayce 
and Henry Vincent Aird Briscoe. 

Applying the law of Guldberg and Guye ( Z . physical. Chem 1890, 
5, 374, etc.), that the critical temperature of a non-associated liquid 
is one and a half times its normal boiling point when both constants 
are expressed on the absolute scale, to the case of mercury, we should 
conclude that its critical temperature is 675°. From a brief note 
in a paper by Traube and Teichner (Ann. Physik, 1904,13, 620) it 
would appear, however, that this temperature is above 1000°. 
Further, calculation from surface tension data indicates that it 
is about 1550° (Journeau, Bull. Soc. chim., 1924, 35, 1293). This 
figure is so widely different from that given by the Guldberg and 
Guye law that it seemed advisable to make a further attempt to 
measure the critical temperature experimentally. 

For this purpose, pure redistilled mercury was enclosed in a 
capillary tube of transparent silica having a bore of 2 mm. and 
walls 3 mm. in thickness. One end of the tube was sealed off, and 
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the other was attached to “ Hyvac ” and mercury diffusion pumps 
while the mercury was boiled and recondensed several times to free 
it from dissolved gases. Finally, a portion of the tube 4 cm. long 
was sealed off, containing a column of mercury 1 cm. long. This 
silica “ bomb 55 was supported vertically in the middle of a horizontal 
iron pipe 30 cm. long and 5 cm. in internal diameter, which was 
heated electrically by a winding of “ nichrome 55 wire. The ends 
of the pipe were shielded by plate-glass and the bomb was closely 
observed by means of a telescope. At a temperature above 1000°, 
the bomb burst. Immediately before this occurred, the mercury, 
although at a bright red heat, was still liquid, the contrast being 
quite distinct between the opaque liquid and the perfectly trans¬ 
parent vapour. 

In view of the above, the experimental determination of the 
critical temperature of mercury would seem to be a matter of great 
difficulty. It is suggested, however, that mercury might be 
enclosed in a very stout-walled silica vessel of considerable size and 
heated inductively to its critical temperature by high-frequency 
oscillatory currents circulating in its vicinity. It might thus be 
possible to heat the mercury to the critical temperature while the 
silica vessel was so far cooled by radiation and conduction that its 
strength would be maintained. 

We desire to acknowledge a grant from the Department of 
Scientific and Industrial Besearch enabling one of us (L. A. S.) to 
take part in this work.— Armstrong College, Newcastle- 
upon-Tyne. [Received, February Ath, 1926.] 


Some Organo-silicon Compounds . By Bonald Bumsey 
Wlddowson. 


Of certain organo-silicon compounds described by Hart (Rep. 
Brit. Assoc., 1887, 661), one, obtained by the action of sodium on a 
mixture of ethylene dibromide and silicon tetrachloride, is called 
dichlorosiEcoethylene dibromide, (CH 2 BrCH 2 ) 2 SiCI 2 ; another, 
produced from trimethylene dibromide in a similar manner, is 


described as trimethylenesilicon dichloride, CH 2 <CQg€>SiCl 2 


and its product of hydrolysis as trimethylenesilicon oxide. A dark 
brown solid, obtained from a mixture of silicon tetrachloride and 
o-dichlorobenzene, is named di-o-diphenylenesilicium, 
C 6 H 4 >Si<C 6 H 4 . 

Although the evidence offered in the paper is by no means con- 
P- yincing, the “ compounds ” there described are recorded in 
tfUHiPfeih^ 16 Handbuch.” 
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At Professor Kipping’s suggestion and under his supervision, 
the author has repeated very carefully some of Hart’s experiments 
under the same conditions. From ethylene dibromide and from 
o-dichlorobenzene no silicon compounds were formed in appreciable 
quantities; experiments with trimethylene dibromide were not 
made. These facts, a study of Hart’s paper, and the general results 
of recent work seem to show that the organo-silicon compounds 
mentioned above may with advantage be deleted from the 
literature (compare Bygddn, Ber ., 1915, 48, 1236).— University 
College, Nottingham. [Received, January 29 th } 1926.] 


Deposition of Metallic Zinc on the Positive Pole of a Simple Voltaic 

Cell. By Spencer Robert Humby and Michael Willcox 

Perrin. 

Some observations first made in 1924 seemed to indicate that in 
simple voltaic cells which were left in action for some time metallic 
zinc was deposited on the copper plates. A large number of experi¬ 
ments have shown that this is the case. 

Zinc and copper dipping into dilute sulphuric acid or zinc sulphate 
solution were connected together externally as in a simple voltaic 
cell; after some time the copper became covered with a layer of 
metallic zinc. 

The following pairs of metals were treated in exactly the same 
way: zinc and platinum, zinc and silver, zinc and lead, zinc and 
iron, iron and silver, and it was found that zinc was deposited upon 
platinum, silver, lead, or iron, and iron upon silver. In each case, 
the more electropositive metal was thus deposited on the more 
electronegative one. 

In Daniell cells, also, after short-circuiting for some days, a 
deposit was obtained on the copper consisting of both copper (from 
the copper sulphate solution) and zinc. 

In the case of the simple Zn|H 2 S0 4 |Cu cell, zinc was deposited 
while the liquid in the cell was still acid. In another experiment, 
the liquid was stirred by bubbling hydrogen through it, but this made 
no difference to the results. The zinc was deposited slowly and 
continuously, as was shown by weighing a platinum plate at intervals 
during the course of the experiment. When the two poles of the 
cell were disconnected, the zinc was dissolved off the copper provided 
the solution still remained acid. 

The current with a Zn|ZnS0 4 |Cu cell fell to 0*006 amp. almost 
immediately and then more slowly to 0*0001 amp. in 30 minutes. 

Various papers were found bearing on the subject. Odling 
(< Quart . J , Chem . Soc ., 1857, 9, 289) states that in several instances 
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if a metal is immersed in a strong, boiling and rather acid solution 
of a salt of a more electropositive metal, that metal is deposited 
out of solution on the first, or more electronegative, metal. 
Raoult ( Gompt. rend., 1873, 76, 156) states that if pieces of gold 
and cadmium connected together are immersed in a boiling 
solution of cadmium sulphate or chloride, metallic cadmium is 
deposited on the gold. The gold may be replaced by copper and 
the cadmium by zinc or tin with the same results. Smith (J. Amer. 
Chem. Soc., 1905, 27, 540) states that sodium and potassium, 
potassium and barium, and sodium and barium are reciprocally 
replaceable in their amalgams. 

The results so far obtained leave no doubt as to the reality of 
the phenomenon, but it is hoped that additional data will shortly 
be ready for publication.— Winchester College and New 
College, Oxford. [Received, January 28th, 1926.] 


The System Ammonium Acetate-Acetic Acid-Water. By Rijth 

Sugden. 

In addition to the acid acetate NH 4 C 2 H 3 0 2 ,C 2 H 4 0 2 , a hydrated 
complex of the composition 2NH 4 C 2 H 3 0 2 ,3C 2 H 4 0 2 ,H 2 0 has been 


Fig. 1. Fig. 2. 
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have been determined at 16° and 25° and a few additional measure¬ 
ments made at 0°. Commercial chemicals (B.D.H., A.R.) were 
used. Analyses of saturated solutions and wet solids were carried 
out by the usual ammonia distillation method, a known excess of 
caustic soda being used from which, by back titration, the total 
acetate and hence the acetic acid present could be determined. 
Compositions in the following table are expressed in percentages of 
components by weight. Water (not quoted) may be obtained by 
difference. 


% Composition % Composition % Composition % Composition 

of sat. soln. of wet solid. of sat. soln. of wet solid. 


nh 4 o s h,o 2 . 

C a H 4 O a . 

Nid 4 C 2 F 9 0 2 . 

C 2 H 4 0 2 . 

nh 4 c 2 h s o 2 . 

o*h 4 o 2 . 


0 2 H 4 Oj. 




Temperature 16.° 




67-8 

0*91 

94*4 


55*6 

21*7 

55*3 

41*3 

64*4 

7*73 

90*9 

1*46 

54*3 

22*7 

53*0 

41*6 

62*6 

16*0 

96*6 

0*96 

42*5 

38*1 

54*6 

42*8 

*61*1 

19*7 

96*6 

2*27 

32*6 

57*3 

53*2 

44*2 

*59-6 

23*9 

96*5 

2*20 

27*3 

72*3 

53*7 

44*3 

61*1 

17*1 

55*0 

41*5 








Temperature 25°. 




70*6 

2*15 

94*2 

1*17 

60*7 

23*2 

55*5 

42*6 

67*0 

12*0 

95*7 

2*77 

48*5 

36*2 

54*6 

43*4 

63*3 

21*1 

92*3 

5*1 

41*0 

47*6 

54*3 

45*0 

*58-9 

31*3 

92*6 

5*96 

33*2 

59*9 

51*1 

47*2 




Temperature 0°. 




63*8 

3*7 

94*5 

2*38 

48*9 

19*6 

53*6 

45*7 

*61-1 

15*8 

93*6 

3*74 

28*1 

61*6 

52*6 

46*1 


* Signifies metastable. 


These figures are plotted in the diagrams, from which it is seen 
that the existence of the complex 1: 1 :0 is confirmed, but that 
there is no evidence whatever for the existence of Berthelot’s 
compound 2 : 3 :1 at the temperatures examined.— University of 
Melbourne. [Received, February 8th, 1926.] 



ANNUAL GENEEAL MEETING, 

Held in the Chemistry Theatre of the University of 

Manchester on Thursday, March 25th, 1926, at 4 p.m. 

Dr. Arthur W. Crossley, C.M.G., C.B.E., LL.D., F.R.S., 
President, was in the Chair, and drew attention to the fact that this 
was the first occasion since the foundation of the Society in 1841 on 
which the Society had held its Annual General Meeting away from 
London. 

The Report of the Council, together with the Balance Sheets and 
Statements of Accounts for 1925, was presented, and after a state¬ 
ment by the Treasurer, the adoption of the report and accounts 
was proposed by Prof. H. Brereton Baker, seconded by Dr. E. F. 
Armstrong, and carried unanimously. 

Report of Council, 1925-1926. 

I. Fellowship Statistics. 

On the 31st December, 1924, the number of Fellows was 3963. 
During the year 1925, 344 Fellows were elected and 10 reinstated, 
the gross total thus reaching 4317. The number of deaths recorded 
during the year was 40, as against 45 the previous year. The 
Council records a considerable falling off in the resignations 
received, the number being 88 as compared with 121 in 1924. 
The names of 105 Fellows have been removed from the List of 
Fellows owing to non-payment of annual subscriptions, and the 
election of one Fellow (in May 1924) has been declared void, the 
corresponding figures last year being 107 and 7, respectively. 
The number of Fellows at the 31st December, 1925, was, there¬ 
fore, 4083, giving an increase of 120 over the preceding year. 
Among the Fellows who have died during the past year are Sir 
Edward Thorpe, who held the office of President from 1899-1901, 
of Treasurer from 1889-1899 and served on the Council for 40 
years in all; Dr. Horace T. Brown, who was Treasurer from 1903- 
1904, Foreign Secretary from 1907-1913, and served on the Council 
for 20 years, and Professor F. R. Japp, who was Foreign Secretary 
from 1885-1891, and served on the Council for 16 years. The 
Council also mourns the loss of two distinguished Honorary 
Fellows, Professor Albin Haller (elected in 1908) and Professor 
Guglielmo Korner (elected 1898), the number of Honorary Fellows 
now being 24. 

An obituary notice of Professor Korner, prepared by Professor 
J. B. Cohen, appeared in the Journal for December, and a notice 
^of Professor Haller will be published in a forthcoming issue of 
| ph# Journal. The Council takes this opportunity of recording its 
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appreciative thanks to those Fellows who kindly prepare for the 
Journal valuable notices of deceased Fellows. 

The congratulations of the Council have been conveyed to Sir 
William A. Tilden (elected 1st June, 1865) and to Mr. William E. 
Bickerdike (elected 7th December, 1865), who have been Fellows 
for 60 years, and to the following, who, during the year, have 
attained their jubilee as Fellows : 

Elected. 


Alfred Southall 
Pattinson B. Melmore 
Sir Dugald Clerk 

G. William Davey 
John F. NL H. Stone 
Sir Ernest H. Cook . 
Alfred Smetham 
Bernard Dyer 
William H. Watson . 
Martin F. Roberts 

H. Wilson Hake 
William Foulkes Lowe 
Harold Baily Dixon . 
William A. Smith 
Paul G. W. Typke . 
Francis S. Earp 
John M. H. Munro 


May 6th, 1875. 
May 20th, 1875. 
May 20th, 1875. 
Nov. 18th, 1875. 
Dec. 2nd, 1875. 
Dec. 2nd, 1875. 
Dec, 16th, 1875. 
Dec. 16th, 1875. 
Jan. 20th, 1876. 
Jan. 20th, 1876. 
Jan. 20th, 1876. 
Feb. 3rd, 1876. 
Feb. 3rd, 1876. 
Feb, 3rd, 1876. 
Feb. 17th, 1876. 
Feb. 17th, 1876. 
Feb. 17th, 1876. 


The congratulations of the Society were conveyed to Professor 
B. Brauner on the occasion of the celebration of his 70th birthday 
held in Prague in May. 


II. Changes in Officers. 

The Council has received with deep regret the resignation of 
Dr. Arthur W. Crossley from the office of President, owing to 
reasons of ill-health. The Council, in placing on record its warm 
appreciation of his eminent services and untiring devotion to the 
affairs of the Society, desires to express its best hope that his 
recovery may be speedy and complete. 

III. Publications. 

The Journal for 1925 contains 2986 pages, of which 2902 pages 
are occupied by 409 memoirs and 32 notes, the remaining 84 pages 
being devoted to Obituary Notices, one lecture, the Report on 
International Atomic Weights, the Report of the General Meeting, 
and the Presidential Address. The volume of the preceding year 
contained 363 memoirs and 31 notes, occupying 2605 pages. The 
number of papers published in the Journal for 1925 is a record, 
the previous largest number being 400 memoirs and 11 notes, 
occupying 3258 pages of the Journal for 1923. 
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During 1925, 479 papers were considered by the Publication 
Committee; of these, 37 were declined. 

The average interval between the dates of receipt and of 
publication of papers was 13 weeks in 1925 and 17 weeks in 1924. 

A large amount of work is done willingly and efficiently by 
Referees, and the Council desires to place on record its appreciation 
of their services. The Council also desires to express its thanks to 
Professor Wynne for again seeing the August number of the Journal 
through the press, thus enabling the Editor to take some holiday. 
It feels, however, that the arrangements for editing the Journal 
are far from satisfactory so long as the work remains in one pair of 
hands. Under present conditions the Editor, in the absence of 
voluntary assistance, would be debarred from a holiday, and, in the 
event of accident or illness happening to him, there is no one to take 
over the editorial work until his return to duty. This matter is 
receiving the attention of the Council. 

IV. Library . 

During 1925 there were 6994 attendances in the Library as 
compared with 6652 in 1924, 4746 of these being made by Eellows 
of the Society, and 2248 by members of contributing Societies, 
while the number of books borrowed was 4950 as against 4509 
the previous year. The Library has been increased by the addition 
of 265 books, 609 volumes of periodicals, and 163 pamphlets, the 
corresponding figures last year being 265, 560, and 164, respectively. 
The Library now contains 30,011 volumes, consisting of 9066 books 
and 20,945 bound volumes of periodicals. 

In 1925 £1799 2s. 3d. was expended on the Library, towards 
which £681 15s. was contributed by the kindred Societies. The 
Council desires again to express its appreciation of the substantial 
help received from the contributing Societies. The assistance thus 
given facilitates progress towards the establishment of a complete 
chemical library. 

The urgent need for additional space for the Library has been 
mentioned in recent reports, and the necessity for a workroom for 
cataloguing and repairing books is hardly less urgent. For the 
moment the question of Chemistry House is in abeyance, so that 
relief in that direction is unlikely in the near future. It has 
been decided to provide further shelf space for books by lining 
the north and east walls of the Council Room with adjustable 
steel bookshelves and erecting a cantilever gallery. The consent 
of His Majesty’s Office of Works having been obtained, the work 
will be put in hand without delay. It is estimated that the cost 
will be about £250, and that the shelf space thus provided may be 
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sufficient to meet the demands of the Library for three, or perhaps 
four, years. In this connexion it will be necessary to remove the 
portraits of the Past Presidents now in the Council Boom. These 
will be contained in a portfolio accessible to Fellows, and the names 
of the Past-Presidents will be inscribed on oak panels which will 
be placed on the wall in the Meeting Room. 

Arrangements have been made during the year by which readers 
can obtain photostatic copies of printed matter in the Library. 
Considerable use has been made of the facilities thus afforded. 

V. General, 

The society was represented by a number of Fellows at the 
meeting held at the Royal Institution on June 16th to celebrate 
the discovery of benzene by Faraday. On behalf of the President, 
who was unavoidably prevented from attending as official repre¬ 
sentative, Sir William Pope presented an Address of Congratulation. 
Professor C. S. Gibson, Mr. A. J. Greenaway, and Sir William Pope 
attended as delegates of the Society the Fifth Congress of Applied 
Chemistry held in Paris in September, and Professor H. E. Armstrong 
gave an oration in honour of Chevreul at the Celebrations held in 
the same city a month later; while Professor J. B, Cohen was the 
Society’s representative at the Celebrations of the 11th centenary of 
the foundation of Pavia University held in Pavia in May. At the 
invitation of the General Council of Medical Education and Regis¬ 
tration, the Council appointed the President and Foreign Secretary 
to represent the Society at the Conference held in February to 
discuss general questions relating to the proposed revision of the 
British Pharmacopoeia. Professor C. S. Gibson, Sir William Pope, 
and Professor J. F. Thorpe were appointed to represent the Society 
on the Federal Council for 1926; while Professor J. W. McBain 
and Professor J. C. Philip were reappointed for a further term of 
two years on the Editorial Board of the “ Journal of Physical 
Chemistry.’’ 

The Society has continued to be represented on the Bureau of 
Chemical Abstracts by Professors C. S. Gibson, G. T. Morgan, 
J. F. Thorpe, and W. P. Wynne. During the year the Bureau’s 
proposals for the change of the format of the abstracts in pure 
chemistry were accepted by the Council, and accordingly from 
January, 1926, onwards, “ British Chemical Abstracts ” is appear¬ 
ing in two sections dealing respectively with papers in pure and 
applied chemistry, in double-column quarto format, and without 
overlap in respect of the papers abstracted. These arrangements 
make possible the preparation of a single annual index covering the 
abstracts in both sections, and this index will be supplied (without 
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additional charge) to all who receive the “ A ” section or the “ B ” 
section or both. Fellows of the Chemical Society, who are not 
members of the Society of Chemical Industry, but who desire 
to receive the “B” abstracts, can obtain them for £2 25 . per 
annum. 

The Anniversary Dinner was held at the Hotel Victoria on 
March 26th, 1925, Dr. Arthur W. Crossley, President, in the chair. 
The company present numbered 240. 

This year, for the first time in the history of the Society, it has 
been decided to hold the Annual General Meeting and the Dinner 
elsewhere than in London, and arrangements have been made for 
both to take place in Manchester—the meeting in the University 
and the Dinner at the Midland Hotel. It is hoped this innovation 
will commend itself to country members, and that the attendance 
will be such as to justify the Council in holding the Annual General 
Meeting at other provincial centres from time to time. 

The Special Lecture this session was delivered on February 
11th in the Chemistry Theatre of University College, London, by 
Professor J. Barcroft, who chose as his subject “ Haemoglobin.’’ 
Instead of arranging for an additional Special Lecture, the Council 
decided to try the experiment of holding informal lectures given by 
Fellows of the Society, and two such lectures have been arranged. 
The first, by Professor R. Robinson, who lectured on “ Recent 
Researches on the Structural Relationships of some Plant Products,” 
was held in the rooms of the Society on November 26th at 6 o’clock, 
instead of the usual hour of 8 p.m.; the second lecture will be 
delivered by Professor W. E. S. Turner on April 29th at 6 p.m. 

The large attendance at the lectures indicates that they are 
appreciated, and the Council desires to express its warm thanks 
to those who place their services at the disposal of the Society in 
this connexion. 

The hope expressed in the last Report that the difficulty in 
awarding the Harrison Memorial Prize might be overcome by an 
agreement with the Com m ittee which promoted the memorial, to 
vary the terms of the Trust Deed by the omission of the latter 
part of Clause 9, has not yet been realised. 

The Council has made a grant of £100, thus completing the £300 
promised, towards the cost of publishing the <c Annual Tables of 
Constants,” and has contributed £50 towards the cost of the 
Scientific Exhibit at the British Empire Exhibition, 1925. By 
means of the Russian Fund, which was created in September 
1921 to grant relief to Russian Men of Science and their dependents, 
the Council has been able to afford assistance to Madame Mendeleev. 
A letter of thanks from Madame Mendeleev appeared in the 
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Proceedings for 1926 (p. 2). The Russian Fund, which reached 
a total of £400 45. lOdL, has been closed, the balance of £7 75. IQd, 
having been transferred to Publications Fund Account. 


RUSSIAN FUND. 


Statement of Income and Expenditure, 1921—1925. 


Income. 

To Donations 
from Fellows 


£ 

400 


■. d. 
4 10 

/ 



Expenditure . 

By Donations : £ s. d. £ s. d. 

Prof. Mikkola . 20 0 0 

„ Tschugaeff . 10 0 

„ Makovetzky . 171 4 0 

„ Konovalov . 58 0 0 

American Relief 

Fund ... 28 13 11 

Imperial War Relief 

Fund ... 45 16 0 

Madame Mendeleev 45 15 0 

- 370 8 11 

Printing.9 11 


Scientific Books 
Carriage of Books and Clothing . 


16 3 
9 18 


Bankers’ charges.1 12 

Balance in hand .... 


1 
3 

7 7 10 
£400 4 10 


Jocelyn Thorpe, 
Treasurer . 


The List of Fellows, which, owing to the call for economy, was 
not published in 1924, was printed in August, 1925, and issued to 
those Fellows who made application. 

In accordance with the decision of the Council, copies of the 
Presidential Address, entitled “ Universities as Centres of Chemical 
Research,” delivered by Professor W. P. Wynne on March 26th, 
were distributed amongst Members of Parliament, various Govern¬ 
ment Officials, and educational bodies. 

The attention of the Council has been directed to the use by 
Fellows of the letters “F.C.S.” in advertisements. The Council 
deprecates the use of the letters in this connexion, since they do 
not denote a qualification and such use is misleading to the public. 

Applications for Research Grants aggregating £1644 have been 
received during the year, and Grants amounting to £758 105., as 
recorded in the Proceedings (see pp, 93 and 148), have been allotted. 
Since the total sum for which application was made far exceeded 
that available for distribution, prior consideration has been given 
to applications made by Fellows, 
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VI. Financial . 

The balance representing excess of income over expenditure for 
1925 is £466 4$. 3 d. The income of the Society has increased by 
£1208 65 . 8 c?. over that of 1924, in spite of the fact that the 
admission fees (£528 in 1924) have not been available, and that there 
has been a diminution in income from advertisements (£25 35 . 7 c?.), 
from invested funds (£37 4$. 11c?.), and from miscellaneous receipts 
and sales (£138). The source of the new income is to be traced 
to the decisions of the Council, reached in 1923 and in 1924, 
to charge an increased price for the Journal, Abstracts, and Annual 
Reports to the public, and to charge Fellows for the Annual Reports; 
also, for the first time there has been a substantial income from the 
Publications Fund. The total obtained under these heads during 
the year has been £6112 85 . 8 c?., as against £4522 17s. 10 c?. for 1924 
(during which year some of the effects of the changes were beginning 
to be felt), and £3799 17$. 6 c?. for the previous year, that is, before 
the changes came into operation. 

The expenditure side of the account shows that the cost of 
the Journal has increased by £223 12 $. 3 c?., despite the fact that 
there has been a saving of £125 16$. on the preparation of Authors’ 
copies. The cause of this increase is the enlargement of the 
Journal by 288 pages due to the publication of 409 memoirs in 
place of the 363 published in 1924. The cost of the Abstracts 
has increased by £394 17$. 8 c?., due to the number of pages in 1925 
being 468 higher than in 1924. There is, however, no overlapping 
in the payment of editorial salaries, and for this reason a saving of 
£113 9$. 9c?. has been effected. Judging by these figures it is evident 
that there is still an upward tendency in the curve representing the 
world’s annual output of published chemical research, and that the 
apex of the curve has still to be attained. At the same time there 
seems to be no immediate prospect of the cost of printing being 
materially decreased and, until the curve flattens, the Society will 
have to meet a constantly rising expenditure. 

Among the other items on the expenditure side it will be noticed 
that the administration expenses have increased by £190 2 $. 7 c?., 
due, mainly, to an increase in the item for mis cellaneous printing 
and stationery of £125 0 $. 6 c?. It will be seen, however, that the 
cost of printing the List of Fellows has been more than met by 
a saving of £133 1 $. 4c?. in the cost of the Annual Reports. 

The total market value of the invested funds of the Society is 
£40,474 10$. 5c?., an increase of £1,709 3$. 4c?. over the figure for 1924 
despite the depreciation of trustee stock to the extent of £852 on 
the General Purposes Account and the sale of £662 7 $. of 3 |% 
Conversion Stock, value £500, from the Research Fund Acco un t. 
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The outlook for the future is fairly promising because, during 
the year 1926, the full interest on the Pedler bequest will become 
available; moreover it is to be expected that increased receipts 
will be obtained from outside sales of publications. On the other 
hand, the Society will be faced with an increased expenditure 
due to the scheme for the superannuation of the staff, and also to 
the cost of fitting the Council Chamber with bookcases in order 
to meet the requirements of the library. Next year’s balance will 
depend on the cost of the Journal and Abstracts, and it is to be 
hoped that the scheme of co-operation which has led to the founding of 
the Bureau of Chemical Abstracts will enable a saving to be made by 
the elimination of the overlap between the “ A ” and the ef B ” series. 

Publications Fund . In the last report of Council it was stated 
that, notwithstanding the generous response by Fellows who had 
contributed £1434 17 s. Id. to the Publications Fund, if the Fund 
were to be made really effective it would be necessary substantially 
to increase it. With this object in view it was decided to issue an 
appeal to Manufacturers, and as a result the Publications Fund 
now stands at £4067 17s. 4d Of this, £2166 was received from 
Manufacturers and other firms connected directly and indirectly with 
the Chemical Industries of the country and £100 as a grant from 
the Birmingham University Research Fund. The income derived 
from the Publications Fund, together with Subscriptions received 
during the year under review, amounts to £622 135. lOdL This sum, 
in which are included £350 from the Government Publications 
Grant of the Royal Society, and £80 the income from the residue 
of the estate of the late Sir Alexander Pedler, has helped to meet 
the expenses of publication. It is anticipated that between £4000 
and £5000 bequeathed to the Society by Sir Alexander Pedler will 
be made over to the Society during 1926; the Publications Fund 
will then have a capital sum of close upon £9000. 

Special Publications Fund . In 1918, a Committee of Chemists 
was formed to prepare and publish chemical bibliographies and 
works of reference in the English language, and funds were 
collected. The scheme was abandoned, but funds amounting to 
£1896 8 s. 4d . collected by this Committee have been handed over 
to the Society on the understanding that they would be used “ for the 
purpose of promoting chemical publication, but not for the purpose 
of defraying the cost of the Society’s ordinary publications.” The 
Council accepted the funds on the conditions stated, and a Special 
Publications Fund has been created, the sum of £1600 being 
invested in Conversion Loan. 

Memorial Lectures . During the year Vol. I of the Memorial 
Lectures has been reproduced by a phototype process and is sold 
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to Fellows at 95., post free, and to the Public at 10s. 6 d. The 
publication of this volume is being financed by means of the Special 
Publications Fund. 

Staff Superannuation Scheme . Another matter which has received 
the serious consideration of the Council has been the necessity for 
making some provision towards the Superannuation of the Staff. A 
contributory scheme of insurance based upon a 10 per cent, premium 
of the salaries received by the Staff, and payable at death, or on 
retirement, has been instituted, 5 per cent, being contributed by 
members of the staff and 5 per cent, by the Society. It is 
realised, however, that the sums thus accruing on the retirement 
of the beneficiaries will be inadequate, and accordingly a Pensions 
Fund has been created with a view to amplifying the amounts 
received from the insurance policies. The general funds of the 
Society will thus be relieved from any sudden call they may have 
to face, and Fellows have been invited to contribute to the Fund. 

Sales of Publications. The price to the Public of the “ A ” 
Abstracts in Pure Chemistry for 1926 has been increased from 
£2 10 s. to £3 105., and the price of the Journal and Abstracts together 
has been increased from £5 to £5 10s. to the Public, and from 
£4 5s. to £4 15s. to Fellows who require extra copies. In order 
that the Abstracts in the new format may reach the Fellows in as 
good condition as possible it has been decided to issue them flat 
and in envelopes. 

Advertisements. It is hoped that with the increased facilities 
which the ££ A ?? Abstracts in the new format afford for displaying 
announcements, the income of the Society derived from advertise¬ 
ments will show a considerable increase in the forthcoming year. 

A vote of thanks to the Auditors (Profs. J. F. Spencer, A. J. 
Allmand, and J. S. S. Brame) for their services, was proposed by the 
Treasurer, seconded by Prof. F. L. Pyman, and carried unanimously. 

Prof. H. B. Dixon proposed a vote of thanks to the Treasurer, 
Secretaries, Foreign Secretary, Council, and Committees for their 
services during the year. This was seconded by Dr. Alfred Ree 
and adopted, acknowledgment being made by Sir William Pope. 

On the motion of Prof. R. Robinson, seconded by Dr. D. C. 
Henry, Prof. A. J. Allmand, Prof. J. S. S. Brame, and Dr. G. W. 
Monier-Williams were elected Auditors for the coming year. 

Prof. T, S. Patterson then moved the following resolution: 

“ In view of the fact that the publication in the Proceedings of 
the Chemical Society of a list of titles of papers which have been 
received but not published and which—either because the Public¬ 
ation Committee considers them unsuitable or because the author 
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may be unable to accept alterations suggested by the referees or 
by the Publication Committee, or for any other reason—may not 
be published, is very prejudicial to the subsequent publication of 
these papers elsewhere and, by disclosing the fact that such work 
is in progress, unfair to the author, besides involving the Society in 
unnecessary and unjustifiable expense at a time when all possible 
economy should be exercised, this meeting recommends that the 
practice of publishing such a list be discontinued.” 

This was seconded by Prof. F. J. Wilson and, after discussion, 
was put to the meeting, and declared lost. 

The following resolution : 

“ That this meeting, being of opinion that the position of the 
Chemical Society would be strengthened and the membership 
increased by the institution of local sections, recommends the 
Council to take such steps as would render practicable the institu¬ 
tion of local sections where they might be desired ” 
also proposed by Prof. T. S. Patterson and seconded by Prof. 
F. J. Wilson, was discussed; on its being put to the meeting it 
was declared lost. 

The President then delivered his address, entitled e< The Co¬ 
operation of Science and Industry.” 

A vote of thanks to the President for his services in the chair 
during the past year, and for his address, requesting him to allow 
the address to appear in the Journal, was proposed by Prof. W. P. 
Wynne, seconded by.Prof. W. H. Perkin, and carried wi£h 
acclamation. The President acknowledged the thanks and 
proceeded to read the report on the election to vacancies on the 
Council, announcing that Prof. H. Brereton Baker had been 
elected President. Prof. Baker then took the chair and continued 
the reading of the report: 

Vice-Presidents who have filled the office of President. —H. E. 
Armstrong; Arthur W. Crossley; Percy F. Frankland; W. H. 
Perkin; Alexander Scott; W. P. Wynne. 

Vice-Presidents who have not filled the office of President. —J. B. 
Cohen; A. J. Greenaway; James C. Philip; Sir Robert Robertson; 
R. Robinson ; N. V. Sidgwick. 

Treamrer. —Jocelyn P. Thorpe. 

Secretaries. —T. Slater Price; C. S. Gibson. 

Foreign Secretary P. G. Donnan. 

Ordinary Members of Council.— PL. Bassett ; D. R. Boyd ; O. L. 
Brady; H. V. A. Briscoe; A. E. Dunstan; F. A. Freeth; P. W. 
, Gamble; R. Whytlaw Gray; J. Kenyon; B. Lambert; T. S. 
; Moore; T. J. Nolan; K. J. P, Orton; R. H. Pickard; B. D. Porritt; 
F. L. Pyman; G. Stubbs; F. J. Wilson. 
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INCOME AND EXPENDITURE ACCOUNT 


Income . 


To Life Compositions. .. 

,, Annual Subscriptions :— 

Received in advance, on account of 1925 . ... 

„ during 1925 „ „ .. . 

>» »» >* tt 1924 ... 

,, „ ,, „ 1923 and previous years . 


less amount included in last year’s Income, being valuation of Arrears 
as per last Balance Sheet . 


Add Arrears at date: £90110*.; Estimated to realise as per Balance 
Sheet. ... .. 


„ Investments, Dividends on :— 

£787 London, Midland and Scottish Railway 4 per cent. Debenture 

Stock... 

£1520 14s. 3 d. Cardiff Corporation 3 per cent. Stock, 1914/54 . 

£1400 India 2£ per cent. Stock . .. 

£2400 Bristol Corporation 2£ per cent. Debenture Stock . 

£2713 London, Midland and Scottish Railway 4 per cent. Preference 

Stock.. . ... . 

£1200 Leeds Corporation 3 per rent. Stock . 

£1500 Transvaal 3 per rent. Guaranteed Stock, 1923/53 . 

£1200 London and North Eastern Railway 3 per cent. Debenture Stock 
£700 Canada S£ per cent. Stock, 1930/50 ... 

£2100 5 per cent. War Stock, 1929/47 . 

£1100 5 per cent. War Bonds, 1929/47 . 

£600 Funding Loan, 4 per cent., 1960/90 ... 

£11873 3$ per cent. Conversion Stock 

„ Income Tax Recovered. 

„ Interest on Deposit ... . 



, Publication Sales 

Journals and Proceedings .. ... 

Abstracts . .. 

Collective Index, Vols. I-V ... ... .. 

Annual Reports on Progress of Chemistry... 
Beriehte .. . 


less Publishers’ Commission. .. .. . 

„ Proceeds of Advertisements in Journal and Abstracts .. . 

Less Commission. ... ... 

„ Miscellaneous Receipts.... .. ... 

„ Donations to Library:— 

Association of British Chemical Manufacturers . .. 

Biochemical Society.. . 

Faraday Society. ... 

Institute of Brewing .. ... 

Institute of Chemistry .. ... 

Society of Chemical Industry . .. ... ... ... 

Society of Dyers and Colourists. ... 

Society of Public Analysts . ... 

„ Pedler Bequest, Income from Residue of Estate of Sir Alexander Pedler 

„ Sqbscriptions from other Societies. ... ... ... 

, t Transfer from Publication Fund, viz. 

Government Publications Grant (through the Royal Society) . 

Dividends and Interest on Deposit .. 

Subscriptions ... .. 


£ 

8. 

d. 

loss 

0 

0 

S130 

0 

0 

446 

8 

0 

16 

10 

0 

9675 

18 

0 

500 

0 

0 

9175 

18 

0 

500 

0 

0 


24 

11 11 

35 

18 

8 

35 

0 

0 

48 

0 

0 

S4 

15 

7 

28 

7 

0 

45 

0 

0 

28 

2 

0 

19 

5 

10 

105 

0 

0 

44 

0 

0 

24 

0 

0 

374 

0 

0 

137 

5 

3 

51 

4 11 


2663 11 

0 

2067 0 

7 

64 4 

6 

759 3 

3 

22 0 

0 

5575 19 

4 

518 19 

9 

596 17 

0 

57 11 

8 


250 0 

0 

10 10 

0 

5 5 

0 

45 0 

0 

250 0 

0 

100 0 

0 

10 10 

0 

10 10 

0 


350 

0 

0 

184 

3 

4 

88 10 

6 


£ s. il 
128 0 0 


9675 18 0 


10S4 11 8 


5061 19 7 


539 5 4 
25 10 9 


681 15 0 
80 0 0 
28 17 6 


622 13 10 


£17.923 11 8 
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Expenditure. 


By Expenses on account of Journal:— 

Editorial Salaries .. . 

Editorial Postages . 

Printing of Journal . 

Baudiug . 

Printing of Advertisements ... 

Addressograph Labels . 

Distribution of Journal.. ... . 

Authors’ Copies. 

Insurance of Stock . 

Warehousing of Stock . 


£ $. d. 

S69 0 0 
69 10 7 
3423 15 1 
139 7 5 
128 17 S 
5 14 1 
474 9 5 
312 S 9 
5 5 0 
5 10 2 


£ a. d. 


5363 IS 2 


,, Expenses on account of Abstracts 

Editorial Salaries . 

Editorial Postages ... . 

Abstractors'^Fees ... .. 

Printing of Abstracts . 

Banding . 

Addressograph Labels . 

Distribution of Abstracts .. 

Insurance of Stock. 

Warehousing of Stock ... ... ... 

Miscellaneous .. 


10S5 0 0 
34 10 0 
1287 11 11 
3026 S10 
69 7 4 
5 14 2 
474 9 5 
5 5 0 
5 10 2 
61 17 2 

- 6055 14 0 


Lecture Expenses.. ... 

Advance Proofs and Reports of Meetings ... 
Annual Reports on the Progress of Chemistry 

Purchase of Back Numbers of Journal. 

List of Fellows—Printing, etc.. 


27 11 6 
84 17 3 
528 15 1 
18 18 10 
126 2 0 


, Library Expenses 

Salaries.. .. ... . 1185 10 0 

Books and Periodicals .. . .. 483 7 6 

Binding. . .. 130 4 9 

- 1799 2 3 


, Donations:— 

Annual Tables of Constants 
British Empire Exhibition 


... 100 0 0 
50 0 0 

- 150 0 0 


Administration Expenses 

Salaries of Staff. ... 

Wages (Commissionaire, Housekeeper, and Charwomen) 

Pensions . .. 

Coal and Lighting ... ... . 

House Expenses and Repairs . 

Telephone ... ... . ... .. 

Tea Expenses ... 

Insurances . ... . .. 

Accountants’ Charges ... ... .. 

Commission on Recovery of Income Tax . 

Miscellaneous Printing and Stationery ... .. 


Legal Charges ... ... ... ... ... 
Carriage on Journals to Germany 
New Press and Renovating Seal ... 

Addresses .. 

Miscellaneous Expenses ... . 


1427 12 9 
414 6 0 
16 5 0 
83 12 1 
109 16 3 
22 0 2 
43 0 3 
25 0 4 
31 10 0 
6 17 3 
472 3 7 
201 13 1 
10 10 0 
16 7 11 
16 0 0 
14 M 0 
80 8 3 

- 2991 16 11 


, Transfer to Publications Fund (Life Composition Fees).. .. ... 123 0 0 

, Publications Fund—Income from Pedler Bequest ... ... .. 80 0 0 

, Collective Index Vol. VI.„ .. ... ... ... . 112 31 5 

, Excess of Income over Expenditure carried to Balance Sheet «.* ... 466 4 3 


£17,923 11 S 
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PRESIDENTIAL ADDRESS. 

Delivered at the Annual General Meeting held in Manchester 
on March 25th, 1926. 

By Arthur W. Crossley, C.M.G., C.B.E., LL.D., FJEt.S. 

This is the first occasion on which the Chemical Society has departed 
from a custom, which has persisted since its foundation in 1841, 
namely, that of holding all its official meetings at its premises in 
London. The opinion has often been expressed that our provincial 
members do not have a sufficient say in the management of the 
Society’s affairs, and certain alterations of Bye-Laws have recently 
been made, which materially affect this state of affairs. When the 
suggestion was made to the Council that every alternate Annual 
Meeting should be held in the Provinces, it was unanimously 
accepted and it is by virtue of that decision of the Council that 
we meet to-day in Manchester. 

It seems particularly appropriate that our meeting should be 
in this Institution and in this lecture theatre; for through the 
Professors who have taught here and who have also been Presidents 
of the Chemical Society there are very close ties with us, and I 
am confident that I may record the most grateful thanks of the 
Society to the University of Manchester for granting permission 
for us to assemble here to-day. 

The first professor of chemistry in the Owens College was Edward 
Frankland (1851—1857), who was President of our Society from 
1871**—1873. For the twenty-nine succeeding years, 1857—1886, 
he was followed by Henry Enfield Roscoe, who was President of 
the Chemical Society in 1880—1882. It was my privilege to be 
one of the later students of Sir Henry Roscoe, and I have often 
heard him lecture in this room. He was truly a remarkable teacher 
and one who had a very unusual hold and influence on his students. 
He was not a polished lecturer from the point of view of delivery, 
nor because he gave deep-seated discourses into abstruse chemical 
problems, but he was a lecturer who had the faculty of interesting 
his students in a marked degree, in consequence of which they 
became anxious to learn for themselves. That, to my mind, is 
the essence of real teaching. 

Roscoe was followed in 1886 by Harold Baily Dixon, who occupied 
the Chair for thirty-seven years, namely, until 1923, and who was 
President of our Society during the period 1909—1911. My main 
student years were spent under his direction, but since he is here 
wii^L us to-day, I will only say of him that he is as young as ever. 
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still hale, hearty, and active. Long may he remain so! There 
is, however, one very special reason why we may to-day offer him 
our warmest congratulations, inasmuch as he was elected a Fellow 
of our Society in 1876 and has therefore attained his Jubilee of 
Fellowship. v 

Two other past Presidents of our Society have also been Pro¬ 
fessors in this University: Professor W. H. Perkin, who was 
Professor of Organic Chemistry from 1892—1912 and our President 
for the period 1913—1915, and Sir William Pope, who was Pro¬ 
fessor of Applied Chemistry from 1905—1908 and our President 
from 1917—1919. To them also we would express our sincere 
wishes for long-continued health and activity. 

The Co-operation of Science and Industry . 

It is a simple economic fact that since this country does not 
produce a sufficiency of foodstuffs to feed its population, it must 
manufacture goods and sell these in foreign markets at a profit, 
in order to purchase the food which is necessary to sustain life. 
The more the population grows, the more of our manufactured 
goods must be sold abroad, if our existence is to continue. It 
follows from this fact that the maintenance of our industries is a 
national necessity, and they must not only be maintained on the 
same standard as in the past, but we must always be attempting 
to reach a higher efficiency, in order to cope with foreign com¬ 
petition. There was a time when Great Britain, as the pioneer 
of industrial development, could afford to select her own pace 
and her own methods, for she alone was in the field. The results 
obtained, largely without the aid of science, were indeed astonish¬ 
ing, but they came as a result of the breaking of new ground. 
Virgin soil may give wonderful crops for a few years, but to take 
from it continually and give nothing to it spells, as everyone realises, 
ruination, and in order to maintain the harvest it is necessary to 
nurture the soil or to manure it. 

British industry worked on virgin soil in the past, and has worked 
it well-nigh to starvation point, owing to the lack of appreciation 
of the importance of science generally from the point of view of 
our national welfare. Numberless examples of the importance 
of science to industry and to the general welfare of mankind have 
been and are being constantly brought to our notice, and the years 
1914—1918 gave signs that the nation had at last realised that 
science and scientific method were our only hope. Yet the lesson 
then apparently learnt seems to have been forgotten, because as a 
nation we still fail to realise that all real industrial progress is the 
result of the application of scientific facts and data and that those 
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who fail to utilise science to the full must inevitably fall behind in 
the race of nations which is now in progress. 

Instead of being, as in the past, almost the only industrial nation, 
we now realise that other peoples have become industrialists, to 
whom we have given all our past experience. But they have 
forged ahead owing to their full appreciation of the possibilities 
of science in its application to industrial problems; from being 
the teachers in the past, we have now become pupils, and not very 
apt or willing pupils at that. We do not seem able to forget our 
unprecedented and unopposed success in the past; we think the 
same methods should still lead to success now and in the future, 
and we waste much precious time in wondering why our industries 
are not as prosperous as they used to be. 

We can scarcely look for more new raw material within the 
country other than brains, in which respect we have good reason 
to think that our raw materials are at least equal in quality to 
those of any other country. Our brains must be used to resuscitate 
our industrial soil, which must be nurtured or manured, and new 
scientific facts and data are the nourishment which must be given 
if industry is to continue to be a profitable undertaking; if we 
are to be, I will not say as successful as we were in the past, but if 
we are to hold a place amongst the foremost nations of the world, 
or if our existence as a nation is to continue. 

An anonymous author writes * as follows in the Bound Table 
under the heading 44 British Industry and the Future 55 : 

“It is not only in the actual processes of manufacture that 
4 science can be used, but in the whole conduct of business, from 
4 the purchase of raw materials and the distribution of machinery, 

4 to the training and selection of labour, transport and sales. All 
fc these problems are more or less solved by a business that pays 
* its way, but in too many cases rule of thumb and antiquated 
4 methods make the yield much poorer than it might be. For 
4 the higher branches of management there is little or no systematic 
e training attempted. ... In an age of super competition nothing 
e but the best-equipped brains will be able to stand the pace. . . . 

4 Modem industry is as complex and difficult a profession as any. 
4 Its leaders need as thorough and prolonged an intellectual train- 
4 ing as the doctor or the lawyer. 5 ’ 

If a country can manufacture goods of superior quality, of 
constant novelty or of exceptionally high performance, at reason- 

* Several quotations in this paper are from an article entitled “ British 
Industry and the Future,” to be found in the September 1925 number of the 
Bound Table Review : also from a pamphlet “ What Price Progress ”, published 
by the ” Chemical Foundation,” New York, 1925. 
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able prices and keep on doing so, other countries are compelled to 
buy from it. Science is the modem key to such a situation and 
new discoveries in science are essential to maintain the industrial 
position of this country; in fact, science is the sentinel that must 
be posted at the door of every business house with the main object 
of preventing loss from want of knowledge. If we look round, 
surely nothing can bring greater hope to us than the realisation 
of the many comforts we enjoy as the result of research—electric 
light, the telephone, the telegraph, wireless, the internal com¬ 
bustion engine, to mention only a few of the more obvious. 

But on one point let there be no doubt; although science should 
bring great hope to all for the future, it gives no hope whatever 
for less strenuous efforts, but rather the reverse. Science of all 
taskmasters is the hardest, the most uncompromising, the most 
severe, punishing relentlessly any slack or slovenly work done in 
her name and exacting to the uttermost limit faithful and untiring 
devotion, if she is to reveal her secrets. 

It is always interesting to know the opinions of successful men 
on such matters, and Mr. Filene, an American business magnate, 
writes in his book, “ The Way Out,” as follows: 

ce This period will ultimately witness a ruthless weeding out of 
£ the businesses that do not go beyond mere price cutting and 
"wage slashing. The survivors will be the businesses in which 

* waste has been conquered and scientific method introduced.” 

Again the American wood alcohol industry has recently suffered 
a severe check as the result of a new scientific discovery, and in 
commenting on the fact a celebrated American professor of chemistry 
says : 

“ American manufacturers have failed, on the whole, to under- 

* stand the need for research to keep their industries at the front. 
f The backwardness of the manufacturer in this respect only reflects 
‘ that of the general public in this country. The principal trouble 
c here, in comparison with Germany, France, and England, is that 
c we do not appreciate to the same extent the significance of science 

* to the present day civilisation. . . . The whole thing will have its 
" value if it is appreciated by American manufacturers and the 
e public, as an object lesson of our backward-looking attitude 
s towards research.” 

This writer is evidently of opinion that the general appreciation 
of the importance of research is greater in this country than in 
America. Although I have no personal knowledge of America, 
I do not think this can be possible, nor does the writer in the Bound 
Table who, in comparing the trade possibilities of this country 
and America, points to many of the immense initial trade advantages 
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possessed by America, and then adds : “If, in addition, they obtain 
a lead in the application of science to industry it is difficult to see 
how we can hope to compete with them.” 

It is not only research that is needed in this country, but research 
on well-ordered and organised lines. If the suggestion made at 
the first meeting of the British Association had been carried into 
effect it is probable that the general appreciation of the importance 
of science in this country would now have been widespread: but 
as it is, research has been allowed to be carried out by the individual 
on his own lines and in accordance with his own fancies, without 
in any way attempting to produce organised effort for the general 
welfare of the nation; and the pure research worker has been left 
to himself to become “ a member of a priesthood which prides 
itself on its detachment from worldly things, a priesthood which 
refuses admission to any who bear the taint of hope of material 
gain.” 

Yet despite this splendid isolation of the pure research worker, 
what a glorious record of important discoveries is his and how 
much his country might have benefited if some few of them had 
been put to industrial use here, instead of becoming milestones in 
the development of foreign industrial capacity. 

It was not until 1914 that any real attempt was made to organise 
the scientific workers of this country, with what results everyone 
knows and we have to thank some unknown persons whose ideas 
led, in July, 1915, to the establishment of an Advisory Council to 
make recom m endations and proposals for : 

I. Instituting specific researches. 

II. Establishing or developing special institutions or depart¬ 
ments of existing institutions for the scientific study of problems 
affecting particular industries and trades. 

III. The establishment and award of Research Studentships and 
Fellowships. 

From this suggestion has developed the Government Department 
of Scientific and Industrial Research, which in the short time it 
has existed has done more for the organisation of scientific effort 
than has ever before been done in this country. 

Professor Wynne in his Presidential Address last year spoke 
in no uncertain terms of the benefit which had accrued to research 
students as the result of research grants made by the Department, 
and I need not refer further to item III above. Those who are 
interested in the other activities of the Department will do well 
to study somewhat carefully its annual report for the year 1924— 
1925. Under item I above are included such important problems 
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as researches connected with fuel, building materials, illumination, 
adhesives, forest products, foods and cold storage, and many 
others which have been initiated as a result of co-ordination of 
research in Government Departments by a series of co-ordinating 
Research Boards. And under item II come the National Physical 
Laboratory, the newly-established Chemical Laboratory, the 
Geological Survey and Museum of Practical Geology, the British 
Museum Laboratory and Industrial Research Associations. 

Many of the difficulties of applying science to an industry as a 
whole were evidently fully appreciated by the Committee of the 
Privy Council, and under the title 44 Impediments to Industrial 
Research 55 the following words appear in the Report of the 
Committee for 1915—1916 * : 

44 Our experience up to the present leads us indeed to think 
4 that the small scale on which most British industrial firms have 
£ been planned is one of the principal impediments in the way of 
4 the organisation of research, with a view to the conduct of those 
4 long and complicated investigations which are necessary for the 
4 solution of the fundamental problems lying at the basis of our 
4 staple industries. What, for instance, is the exact nature and 
4 constitution of the cotton fibre, of rubber or of the resins ? How 
4 does the structure of an alloy depend on its chemical composition 
4 and on its mechanical and heat treatment ? . . . These are ques¬ 
tions which none but the greatest of individual firms or a big 
4 combination of firms could venture to attack. 5 * 

Yet the initial difficulties seem to have been overcome with 
great skill and Research Associations have been formed by specific 
industries, on the principle that the Department would provide 
money in definite proportion to the amount raised by the industry 
and would continue these grants for five years. In the case of the 
cotton industry, the subscriptions from the trade are regulated 
by the number of spindles or looms in a mill or by the declared 
capital of the company, and are on a unit principle. Since nearly 
90 per cent, of all the firms in the industry are members of the 
Research Association, and also owing largely to generous help 
which has been afforded by the Cotton Trade War Memorial Bund 
Committee, the annual income of this Association is for the next 
four years approximately £54,000. It has therefore been possible 
to establish laboratories wherein 44 the fundamental problems lying 
at the basis 55 of the industry can be attacked, for which purpose 
organised and co-operative research is absolutely necessary. It 
is true that there are many purely botanical, chemical, or physical 

* Report of the Committee of the Privy Council for Scientific and Industrial 
Research for the year 1916-10, page 26, 
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problems to be solved, but fundamental research directed towards 
the general advancement of this industry more often than not 
means the close co-operative efforts of botanist, chemist, and 
physicist, and where results are forthcoming, further co-operation 
with technical men and practical works experience become essential. 

Undoubtedly, organised research has been carried on in the 
past by some firms or industries—the results achieved allow us 
to make this deduction; but the information gained has naturally 
remained the property of the firms concerned and does not touch 
the national programme of scientific work. The aim of the Depart¬ 
ments scheme is to advance the industry as a whole. 

The grants made by the Department were originally for five 
years, in which time it was hoped that the Associations would 
have done so much for their trades that further Government help 
would not be necessary. But the First Beport of the Committee 
of the Privy Council (page 30) contains these words : “ The shortest 
period in which any considerable results can be expected is five 
years, while results so considerable as to affect the whole industry 
cannot be looked for in less than ten years’ consecutive work.” 
It has now been proved that five years is too short a time in which 
firmly to establish such an enterprise, which necessitates the selec¬ 
tion of a scientific staff, the building of laboratories, and the collec¬ 
tion of a library, together with other research facilities. The 
British Cotton Industry Besearch Association was founded in 
1920, its laboratories were opened in March, 1922, and it is only 
now, six years after its creation, that the Association is really 
getting into intimate contact wth the trade, which is recognising 
that science is capable of rendering assistance. It may appear to 
some that progress from the point of view of the trade has been 
slower than it should have been and it is just possible that more 
work of immediate use to the trade might have resulted, if those 
responsible for the foundation of the Association had not decided 
that the large fundamental problems lying at the basis of the 
industry were to be the main objects of inquiry. But the founders 
made a wise decision, for although initial advances may have been 
slow, future progress will be greatly accelerated by the better 
understanding of these fundamental problems. 

The idea of these Research Associations and the plan on which 
they have been brought into being seem to me to be the only possi¬ 
bility for the general introduction of science and scientific method 
into some of our large industries, and the work of the Department 
in this direction is destined to prove of immense value to the trade 
of this country, indeed it would not appear too much to say that 
the whole concept is one of the utmost national importance. The 
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movement must lead ultimately to greater trade efficiency, to the 
expansion of trade, and to greater employment both of scientific 
and industrial -workers. 

Further, the movement has led to the increase of the number of 
research workers in laboratories connected with individual firms, 
and will lead to the larger employment of scientists in works, to 
establish scientific control, and to form the intelligence depart¬ 
ments which will search into the results obtained and endeayour 
to apply them to industrial progress. 

But the-Departments scheme has none the less been severely 
criticised, largely by those who are always willing to pour forth 
destructive criticism, without attempting to supply anything in 
the nature of a constructive policy. 

Sympathy has often been expressed for me in my supposed 
efforts to divest my surroundings of Departmental red tape, which, 
as my well-wishers put it, must stifle any freedom of action relative 
to research. I can only say that I have not encountered any of 
this flaming cord. Naturally an Association receiving money from 
public funds must be required to conform to certain rules and 
regulations, but these have not been in any way irksome, nor have 
they in the least interfered with research progress. On the other 
hand, I am glad to have this opportunity of acknowledging the 
great help which the Association has received from the Depart¬ 
ment on all and every occasion on which such help has been sought. 
One of these aids, which is becoming of increasing importance, is 
the Department's Information Bureau, which not only serves as a 
clearing house for research information relative to this country, 
but is taking on a much wider scope. 

It has been frequently urged that it is undesirable, not to say 
wrong, to devote public money to industrial research, which should 
be supported entirely by the trade concerned. There is, I think, 
a very good answer to this criticism. Truly successful research 
is rarely without benefit to mankind at large and one need not do 
more to emphasise this point than refer to the life work of such a 
man as Pasteur. As regards industrial research, it may safely be 
said that the fruits of such research are always for the public benefit. 
It has been estimated, for example, that the research work of the 
General Electric Company of America is saving the American 
nation at least a billion dollars a year in the matter of electric 
light. A 

Those industrialists who found research laboratories with the 
avowed intention of investigating the fundamental problems of 
their industries, of ascertaining all there is to be known about the 
materials which they use, do so perhaps mainly in the hope that 

KK* 



986 


CROSSLEY: 


their businesses will thereby be expanded, as the result of the 
introduction of new or the improvement of old materials and pro¬ 
cesses. They further realise that this must lead to greater employ¬ 
ment, both industrial and scientific, for scientifically controlled 
production means methodically certain production, with less 
expense of mental effort and therefore more of the latter for devotion 
to other work. But they take a chance, for no one can assure them 
that results of value will be obtained in any stated period. When, 
however, results are forthcoming, the public, which has staked 
nothing, igets the benefit every time, whether it be in the way of 
electric light* artificial silk garments, or more skilful medical treat¬ 
ment. Why, then, should not the public contribute to the cost of 
research from the results of which they benefit so largely ? 

But no matter how much criticism is levelled at the Department 
of Scientific and Industrial Research, it still remains a fact that 
its activities have led to an organised effort to bring science and 
industry together, an effort which has already been crowned with 
distinct success and will lead to a great future, if all those interested 
will look at the movement in the true national spirit and do what 
they can to support and further it. For in reality it is a distinct 
step towards the organisation of the immense research power of 
this country. 

If, however, the results of research are to be effectively applied, 
it is absolutely necessary that industry should meet science at least 
half-way. It is useless for the industrialist to complain that he 
does not understand scientific papers and that they must be put 
into everyday language, so that he can understand them. It is 
not to be expected that every industrialist can be a trained scientist, 
but he can at least guard himself by employing trained scientists 
in his business, thus establishing the position of the man of scientific 
training in industrial management. The position could not be 
more clearly stated than in the following words of the Prime Minister, 
when speaking in the House of Commons in the summer of 1925 : 

44 No one will assert that British industry can be saved by science 
4 alone, but it is none the less true that until scientific methods 
4 and scientific men can take their place in industry and an equal 
4 place with the administrator and the financier, British trade will 
4 never be strong enough or resilient enough to meet the shocks 
4 that it is bound to meet as the years go by, or to meet the sudden 
4 and unexpected changes which will always arise in international 
4 trade.” 

Reference has just been made to the immense research power 
possessed by this country. Are there not other ways in which this 
power can. be-put to the nation's benefit ? Cannot we so organise 
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ourselves that at all events some portion of this vast research force 
is utilised in the solution of some of the problems which are vital 
for our welfare ? In foreign countries much of the research energy 
of the Universities and higher Technical Institutions is directed by 
the Professor, himself in the closest contact with the heads of some 
great industry, towards the solving of important technical problems. 
Immediate solution is not looked for, but gradually a mass of new 
information is forthcoming, which in very many cases has led to 
results of the greatest importance, in regard to the elimination of 
waste, the utilisation of what have been regarded up to the time 
as waste products, and the discovery of new materials of com¬ 
mercial value. Frequently this means that a young scientist is 
sent into a works to watch his laboratory experiments gradually 
translated into manufacturing possibilities and hence the Professor 
and also the works authorities have opportunity of judging in 
which direction his future capacity lies, whether solely for pure 
research or for the application of science to works problems, etc. 

Could not funds be found from somewhere to provide for the 
training in research method of those who are willing to undertake 
work on one of the many urgent national problems ? 

Cannot facilities be provided for sending trained men of science 
at an early point in their industrial career, to study the industrial 
methods of other countries? 

Neither science alone nor industry alone can set any such ideas 
in motion, it is only by the honest and hearty co-operation of both 
sides that any success will be gained. 

Is there any amongst us who can truthfully say. These are matters 
which do not interest or affect me and towards the solution of 
which I can add nothing of value ? Surely, as a result of the simple 
fact with which I opened my remarks, we are all, without exception 
and no matter what our every-day work is, ultimately dependent 
for our existence on the success of our great industries, and although 
there may be some slight indication of trade improvement, the 
present situation is sufficiently serious to warrant every thinking 
man making it the principal national thought for the time being. 

Someone has said that the Britisher is a confirmed individualist, 
from which fact his failures and his successes have arisen; but is it 
not time that we brought ourselves to realise that there is much un¬ 
selfish and co-operative national work to be done? The never- 
ending search for new knowledge is the exacting price which must 
be paid for survival under modern industrial conditions. 

There is another important aspect of the situation which I should 
like to consider for a few moments : as a teacher, or at all events 
one who, if not active at the present, has spent a large portion of 
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his life in the teaching of chemistry, I would ask if we are satisfied 
that we are doing all in our power to train up a body of young 
chemists, who will be able to fill the openings which industrial 
life offers and will in future offer always in increasing numbers, 
provided we continue to progress. I have given much consider¬ 
ation to this question, especially during the past six years, 
and I am bound to say that I do not think a wholly positive answer 
can be returned to the question. One often hears it urged as a 
serious fault of British manufacturers trading in foreign markets 
that they supply goods which they “ think should be required ” 
by the said markets without troubling to ascertain whether the 
purchasers have any tastes, desires, or special requirements of 
their own or whether their natural surroundings render desirable 
modification of goods made for this country, whereas our com¬ 
petitors do make the necessary inquiries and are constantly reaping 
the benefit. I rather think the same accusation might legitimately 
be brought against the teachers of chemistry in this country, who 
might be considered to be providing chemists who have had the 
training which the teachers “ think should be required ” by 
industry, without troubling to inquire whether industry has any 
special needs of its own, whether industrial surroundings demand 
special consideration, or whether one industry differs in its require¬ 
ments from another. It is granted that such inquiries would 
demand more than a bowing acquaintance with any special industry. 
Is it not, however, the duty of the teacher to make such inquiries 
as equally, in my opinion, it is the duty of the industrialist to make 
known his requirements to the teaching profession? 

It needs but little consideration of the question to reveal the 
fact that industry requires chemists with broadly differing lines 
of training, according to the special branch they are going to take 
up. To my mind, our present training is much too stereotyped, 
leading to the production of one type of man only. The system 
produces many extraordinarily good men of this type, but it leaves 
out of consideration the fact that there are many differing types 
of men who are not all capable of showing their best qualities as a 
result of one set method of training. 

Take, for example, the industry with which I am connected, 
namely, the cotton industry; here the chemist has to deal with a 
biological entity, and if he has not had a training in some biological 
subject and cannot think from the biological standpoint, much 
of his time and of his employers’ time will be wasted, for it is hope¬ 
less to look upon the cotton hair as a definite <c substance ” from 
the chemist’s point of view. 

Among the various types of chemists required by industry is 
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the research worker pure and simple, who will be free to devote 
his abilities solely to the advancement of knowledge and who need 
not of necessity have any business qualifications or adaptability 
for applying his knowledge to industrial problems. He may be 
the true specialist in some branch of his science. 

A second type of chemist, quite as rare as the true research 
worker, quite as important in industry, and yet possessing an 
entirely different outlook of mind, is the man who can apply new 
scientific data to industrial development and can convert laboratory 
experiments into industrial operations. Then there is the process 
chemist, whose duty is not the furtherance of abstract knowledge, 
but the careful scientific control of works processes. He again 
is a most important type, for there are few industries in which 
better technical results could not be obtained by more careful 
scientific control. One of the main requirements from such a 
man is his capacity to do, or to supervise, accurate analytical 
work, requiring frequently a high order of attainment as an analyst, 
a qualification not always demanded by our present examination 
system. As a fourth type may be mentioned the chemical engineer, 
probably more wanted in this country than any of the other 
types. 

Now, are we doing our best for our future chemists or for industry 
by putting them all, together with future school and university 
teachers, through the same courses of study ? Personally I do not 
think that we are. I shall probably be met by the criticism that 
there is only one chemistry and therefore there can be but one 
way of teaching it. Here I disagree, because I feel that the present 
system leads to the production of narrow specialists, who have not 
a wide outlook on science generally. In most chemistry schools, 
especially those of the newer universities, the Honours chemistry 
course extends over three years, and although classes in physics 
and mathematics may be a part of the curriculum, this does not of 
necessity imply any real absorption of these sciences. I am a 
firm believer in a broad general training in, say, three sciences 
before the student proceeds to specialise in any one of them ; the 
system, in fact, which used to prevail in the University of London 
and is still in vogue in a few of our Universities. 

Moreover, I do not think the present method of examination is 
giving us the desired information about candidates or is enabling 
them to realise what is before them in the future. Par too much 
is expected from them in the way of book work and far too little 
in the way of accurate straightforward chemical manipulative skill. 
Here is what a friend wrote to me the other day, when calling my 
attention to a really capable young chemist): “ My recommendation 
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is only based upon the possibility of your happening to need a 
pair of well-trained and capable hands, backed by a mind that is 
naturally endowed with the scientific curiosity which leads to 
research. I dare say that, like myself, you have often found 
that sound scientific training and even brilliant chemical know¬ 
ledge is sometimes acquired in a University, without the acquisition 
of any ability to use the hands for sound accurate quantitative 
work, partly because in some of the University laboratories the 
value of manipulative skill is not appreciated, and partly because 
nowadays such an immense amount of theoretical work has to be 
crowded into the college course that there is little time for the 
humble utilitarianism of routine analytical operations, though the 
accurate acquisition of facts is not less important than the projec¬ 
tion and co-ordination of the inquiry on which they bear.” 

I agree with these sentiments entirely and can say with certainty 
that much has been done to make industry sceptical of the value of 
trained chemists by the fact that Universities have sent out into 
the world as first class honours graduates men who could write 
reams on ill-digested facts concerning molecules, atoms, and sub¬ 
atoms, but who had no competency whatever for conducting a 
straightforward piece of ordinary analytical work. By all means 
let us give our students a good theoretical grounding and, provided 
this foundation is sound and on broad lines, the good men will be 
able to build for themselves upon it, in accordance with the necessities 
of their future occupations. 

I could not attempt to trace here the training that alchemical 
engineer should be put through, but I do think that everyone going 
into industry should at all events have some slight knowledge of 
the subject. Might it not reasonably be made a third subject for 
a pass degree 1 I do not by this mean to imply that such a training 
would be adequate for anyone who wished to become a full-fledged 
chemical engineer, but it would at all events help a young man 
going into industry to bridge over the chasm, which exists at 
present, between the laboratory and works operations. I have 
often seen a look of astonishment and blank dismay come over 
the face of a young chemist when he has been shown for the first 
time a working drawing of a piece of chemical plant. There is 
certainly no reason why every future industrial chemist should not 
be taught sufficient of machine drawing and design to enable him 
to read these drawings with ease. 

It must, of course, be granted that there is much, very much, 
concerning industrial chemistry which cannot be taught in University 
laboratories and can only be learnt in the works itself, but I think 
it should, be possible, with more co-operation between industrialists 
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and teachers, to make the learning considerably easier than it is at 
present. 

If it be admitted that our training of future industrial chemists 
is not all that could be desired, can the blame for this state of 
things be placed on the teachers only? This question can un¬ 
doubtedly be answered by an unqualified negative, and others may 
be asked, for example, What have industrialists done to co-operate 
with the teaching profession in the training of young chemists? 
Have industrialists offered any slight advantages to students 
during their training, or have they in any way made clear their 
wants, and have they helped as far as possible in making their 
wants practical possibilities? It would appear that little has 
been done in any of these directions, and the idea is still prevalent 
among many industrialists that “ 4 the young man who grows up 
with the business will acquire all the knowledge he needs.” 

In these circumstances it is an encouraging pleasure to record 
the fact that the Managing Director of the British Dyestuffs Corpor¬ 
ation forwarded in July, 1925, for the information of your President, 
a copy of a letter which had been addressed to Professors at the 
various Universities, pointing out that the progress of the synthetic 
organic chemical industry in Britain depends so largely on the 
achievements of British chemists, both within and without the 
industry, and is a matter of such national importance that the 
most sympathetic co-operation is necessary between the Universities, 
Technical Schools, and the industry. The letter then invites 
co-operation in several ways, such as advising the Corporation of 
likely students for- research departments or works processes; giving 
early notice of laboratory researches likely to have an industrial 
application; allowing students to carry out researches in conjunc¬ 
tion with the Corporation, etc. Finally came the information that 
the question of permitting a limited number of students to gain 
works experience with the Corporation during the long vacation 
was receiving sympathetic consideration, so sympathetic, in fact, 
that the suggestion materialised and I believe some fifteen students 
were given, during the summer vacation of 1925, the opportunity 
of acquiring knowledge in the works of the British Dyestuffs Corpor¬ 
ation. The result from the students* point of view was an un¬ 
qualified success and can scarcely have been a failure from the 
point of view of the Corporation, since this body is again granting 
similar facilities to students this summer. The warm thanks of 
all interested in the training of industrial chemists may be given 
to the Corporation for this example of the co-operation which is so 
greatly needed, and for so definitely disproving what in the past 
was frequently stated to be an impossibility, owing to the dis- 



992 


PRESIDENTIAL ADDRESS. 


organisation of works practice that it would cause, and also to 
the danger of works secrets leaking out. If such difficulties have 
arisen in the present case, it is obvious that the Corporation is 
willing to face them in view of the importance of the whole question. 

In his address last year Professor Wynne directed attention to 
the desirability of such experience being made possible for students, 
and stated that in Sheffield the problem had been faced and solved, 
since it is now the custom for intending graduates in Metallurgy 
to spend part of the long vacation in certain of the steel works in 
Sheffield, to be welcomed there and to be placed under foremen to 
do such work as may be suggested. Now we have the proof that 
such a state of affairs is not an impossibility in chemical works, and 
it is to be hoped that the important example set by the British 
Dyestuffs Corporation will be largely followed by other firms. 

Much has been heard recently of the necessity of co-operation 
between employer and employed, but there is at least as much 
need for co-operation between business men and teaching institutions 
regarding educational matters. No one can afford in the interest 
of our national welfare to say that he has no interests in education, 
for it is an essential part of the life-work of everyone. 

This nation possesses, in addition to others, two most powerful 
assets which individually have reached great heights. I refer to 
practical industrial experience and scientific research capacity. 
If these two forces can be linked together, if the exponents of each 
can be brought into intimate contact and will in every way possible 
heartily co-operate with one another, then there is no reason to be 
pessimistic about the future, for the possibilities such a co-operation 
opens out are unlimited. 

And now, in conclusion, I would express to the Officers, Council, 
and Fellows of the Society my great appreciation of their kindness 
to me during my term of office and my deep regret that I have not 
been able to complete the usual period of two years. I can only 
say that my interest in the Society has not waned and that I hope 
in the future to be able still to be of service to the Society. 

I should like to add a very special word of thanks to the per¬ 
manent officials of the Society with whom I have now worked 
uninterruptedly for 21 years : to Mr. Carr and to Mr. Clifford my 
sincere thanks are due for the willing and pleasurable way in which 
they have co-operated with me: and I should also like to thank 
Sergeant Holland for the share which he has taken in helping me 
with the work of the Society. 
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JOHN YOUNG BUCHANAN* 

Born February 20th, 1844; Died October 16th, 1925. 

John Young Buchanan was born in Glasgow on February 20th, 
1844. He was the second son of Mr. John Buchanan of Dowanhill 
and the elder brother of the Bight Hon. T. R. Buchanan, M.P., 
who represented Edinburgh in Parliament for many years. He 
was educated at the Glasgow High School and the University of 
Glasgow, where he graduated in Arts in 1863. Efts attention had 
been turned to Chemistry, and he proceeded to study this science 
on the Continent, spending several years in Germany at the 
Universities of Marburg, Bonn, and Leipzig, and going on in 1867 
to Paris, where he worked in the laboratory of Wiirtz, a master 
for whose scientific genius and personal kindness he always cherished 
a warm admiration. 

Shortly after his return to Scotland Buchanan was appointed 
Assistant to Professor Crum Brown, then recently established in 
the Chair of Chemistry in the University of Edinburgh, and in 
1870, on Crum Brown’s nomination, he was elected a Fellow of 
the Royal Society of Edinburgh. 

When the voyage of H.M.S. Challenger was planned for the 
purpose of investigating the physical and biological conditions of 
the great ocean basins, it was decided that one representative of 
the physical sciences should be charged with all matters concerning 
physics, chemistry, and geology, except such hydrographical and 
meteorological observations as had been assigned to the naval 
officers. Buchanan was chosen for this comprehensive post by the 
Circumnavigation Committee of the Royal Society, who had pre¬ 
pared the programme of scientific work. Efts selection was due 
largely to his skill and resourcefulness in devising and making 
apparatus, his reputation as a practical chemist, his knowledge of 
mineralogy, and his interest in all natural phenomena. The 
wisdom of the choice was fully justified. Five years were entirely 
occupied by the Challenger work; the preparations for the cruise, 
and the fitting up of a chemical laboratory in the small space 
available on board, taking up several months before the ship sailed 
in December 1872, and the completion of work in hand occupying 
a longer time after the ship returned in June 1876. 

Throughout those years Buchanan’s mind was bent on the practical 

* Reprinted by permission from the Proceedings of the Royal Society of 
Edinburgh* 
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problems arising in tbe study of sea-water; but he took full advan¬ 
tage of the many opportunities for excursions into little-known 
lands when the ship was in port, and he acquired a love of travel 
that never left him. 

He returned to Edinburgh and set up a private laboratory, in 
which he carried on research on his own account. The possession 
of ample means made it unnecessary for him to seek any pro¬ 
fessional appointment, and he continued to spend much of his time 
at sea. He made investigations on the west coast of Scotland 
and on the lochs of the Great Glen in his steam yacht, the Mallard ; 
and he took part in several voyages of the cable-laying ships of 
the Silvertown Company on the west coast of Africa and across the 
Atlantic, mastering the new methods of sounding by wire, which 
superseded the clumsy processes of the Challenger. 

In Edinburgh he entered into the remarkable revival in the 
study of physical geography and kindred sciences which was a 
feature of the eighth decade of the nineteenth century, and he 
took a share in establishing the Ben Nevis Observatory, the Scottish 
Geographical Society, and the Scottish Marine Station. He con¬ 
tributed a large quantity of material for the equipment of the 
Physical and Chemical laboratory of the original Marine Station 
at Granton in 1884, and the writer of this notice had many oppor¬ 
tunities there of profiting by his instruction in the arts of observing 
and recording. In 1887 the Royal Society of Edinburgh awarded 
the Keith Prize to Buchanan for his work in chemical oceano¬ 
graphy, and in London the Royal Society elected him a Bellow. 

Buchanan was on terms of friendship with Professor Robertson 
Smith, who encouraged him in the study of physical geography, 
and helped to persuade him to accept the lectureship in Geography 
in the University of Cambridge in 1889. Buchanan was given the 
Cambridge degree of M.A., and took rooms in Christ’s College, 
where Robertson Smith was already established. He resigned the 
lectureship after holding it for four years, but Christ’s College 
continued to be his home for twenty years, and in his will he left 
substantial proof of the regard he entertained for it. On leaving 
Cambridge, Buchanan took up house in London; but he was 
much abroad, frequently visiting South America, where he had 
property in the Argentine, and staying at continental resorts, 
where he had many friends, some of them in very high positions. 
Kindred tastes cemented a close friendship with Prince Albert I. 
of Monaco, and he spent much time as the Prince’s guest on shore 
and afloat, making many cruises in the Mediterranean, the Atlantic, 
and to Spitsbergen in the Prince’s yachts, which were splendidly 
equipped for oceanographical research. 
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The outbreak of war in 1914 was a blow from which Buchanan 
never recovered. He had been on terms of personal friendship 
with the Kaiser and other distinguished Germans, while his old 
scientific associations with France had been strengthened by his 
membership of the governing body of the Oceanographical Institute, 
founded by the Prince of Monaco in Paris. In real distress of 
mind, Buchanan gave up his London house and betook himself to 
Havana, in the West Indies, until hostilities ceased. 

His last work was the preparation of three volumes, published 
by the Cambridge University Press, containing reprints of those 
of his papers which appeared to him the most worthy of preservation. 
To these he prefixed very copious analytical Tables of Contents, 
with comments and criticisms often of great interest. The volumes 
were : Scientific Papers, vol. i.— Oceanographical , published in 
1913; Comptes Rendus of Observation and Reasoning, in 1917; 
and Accounts Rendered of Work Done and Things Seen, in 1919. 

After his return to London in broken health, the isolating shadow 
of old age fell on him, and he withdrew more and more from the 
society of his remaining scientific friends. He died at the age of 
eighty-one, on October 16th, 1925. 

Buchanan’s scientific work was directed to the elucidation of 
practical problems presented to him during the voyage of the 
Challenger . He did not care for theoretical deductions or com¬ 
prehensive generalisations. He seemed to work mainly for the 
satisfaction of his own mind, for once a definite result was obtained 
the problem lost its driving power; and only a portion of the notes 
which he amassed, with a care and precision that can only be 
described as meticulous, was ever worked up for publication. He 
used to say that he loved work but hated writing; still, the number 
of his published papers exceeds one hundred. 

On the Challenger most of his time was filled by a routine pre¬ 
scribed by the Circumnavigation Committee, but the tedium was 
lightened by flashes of discovery. One was the fact of large con¬ 
cretionary deposits of manganese peroxide produced by chemical 
action of sea-water on minerals. Another was the discovery that 
the gelatinous substance found on all preserved deep-sea deposits, 
which Huxley had taken for a primeval organism and named 
Bathybius Haeckeli, was really a precipitate of calcium sulphate 
thrown down from sea-water by the addition of alcohol. 

The short stay of the Challenger in Antarctic waters raised the 
question of the formation and melting of sea ice, on which Buchanan 
worked with great keenness for several years, producing a series of 
valuable papers on c< Ice and Brines,” in which he worked out the 
chemical and thermal changes accompanying the freezing of saline 
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solutions and the temperature at which pure ice melted in them. 
This led to a further series of calorimetric researches on 4 4 Steam 
and Brines.” 

Another subject raised on the Challenger and settled in a shore 
laboratory, was the compressibility of glass and other substances 
under the pressure of the deep sea, ranging up to 5 or 6 tons per 
square inch. The apparatus invented for this purpose was handed 
over to Professor P. G. Tait, and used by him in determining the 
pressure corrections of the Challenger thermometers. 

Buchanan’s most important contribution to the Challenger 
Reports was a memoir on the tffi Salinity of Ocean Water,” in which 
he published the first complete map of the world-wide distribution 
of surface salinity, the main features of which have been fully 
confirmed by later investigators. 

His work on the Telegraph ships resulted in a study of conti¬ 
nental slopes and oceanic shoals, which had scientific as well as 
practical value. One of his few general papers was a suggestive 
survey of Similarities in the Physical Geography of the Great 
Oceans, contributed to the Royal Geographical Society in 1886. 
In Limnology he was the first to prove that vertical circulation set 
up by the wind produced a winter temperature of the deep water 
in a lake far below the maximum density point. 

The work of Buchanan was that of a pioneer breaking new 
ground, and it was his fate, which he recognised and perhaps 
resented, to make observations of fundamental importance, which 
were lost sight of under the superstructure raised by others whose 
names are better known to the scientific public. Ail he did was 
original work in the fullest sense. He owed nothing. to other 
workers. He insisted always on going to the fountain-head, pre¬ 
ferably by direct observation, for all data, and on handling such 
data in the way most likely to ascertain their true relationships 
even if that required difference from recognised authorities. 

His character exhibited singular sincerity, and a kindliness which 
he did nothing to advertise. Although to acquaintances his manner 
may often have seemed cold and distant, his nature showed a very 
warm and friendly side to the few congenial comrades of his choice. 

H. R* M. 


GIACOMO LUIGI CIAMICIAN* 

Born August 27th, 1857; Died January 2nd, 1922. 

Giacomo Luigi Ciamician was the son of Giacomo Ciamician and 
Carolina Ghezzo and was born at Trieste, where his father’s family, 
* Translated by Sir Wm. J. Pope. 
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of Armenian origin, had not been long established. The family 
claimed descent from the great 18th-century historian of the 
Armenian people, Michele Ciamician. 

Ciamician received his secondary education in his native Trieste, 
where Prof. Augusto Vierthaler initiated him into chemistry; he 
then studied at the Polytechnic and the University of Vienna, 
devoting himself principally to Chemistry under Professors Barth 
and Weidel. While still a student he busied himself enthusiastically 
and with no little insight upon biological and physical investigations 
and. published several papers of importance, thus laying the 
foundation of that broad appreciation of physical and biological 
science which became so evident in his later scientific work and 
which set the stamp of character on his future triumphs. In 1880 
. he became a Doctor in Philosophy in the University of Giessen and 
in the same year was appointed assistant under Stanislao Canniz¬ 
zaro in the Institute of General Chemistry of the University of 
Rome, While in Rome, where he remained until 1887, he was 
appointed to a Readership, and in this capacity delivered, first, 
courses of lectures on spectroscopy and, later, on the nitrogenous 
organic compounds. In 1887 he was chosen in competition for the 
post of Professor of General Chemistry in the University of Padua, 
and in 1889, again competitively, he was elected into the corre¬ 
sponding chair in the University of Bologna; here he remained 
until his death, giving two courses, those of general and inorganic 
chemistry and of organic and biological chemistry. 

The scientific work of Ciamician can be classified in six large 
groups: 

1. Various Chemical and Physical Investigations carried out between 

1877 and 1880. 

This group comprises ten memoirs which deal particularly with 
spectrum analysis, and also with the resins and the composition 
of Dippel’s oil; it treats of work done in the Polytechnic and the 
University of Vienna before its author proceeded to his Doctor’s 
degree. The contributions to spectroscopy are of the greatest 
interest, presenting as they do a comparative study of the spectra 
of homologous elements which belong to the same group in the 
periodic system. Ciamician foresaw much that has been since 
firmly established by more modern methods; he affirmed the 
spectroscope to be the instrument destined to elicit information 
concerning atomic motion, and declared that analogous elements 
of the natural system have analogous structures. These con¬ 
clusions were far in advance of their time, and it is small wonder 
that even Mendeleev and Wm. Ostwald judged them as fanciful. 
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2. The Study of Pyrrole and Allied Compounds . 

This group includes about eighty papers published between 1880 
and 1905; therein are described many derivatives of pyrrole with 
the details which establish the chemical character and behaviour 
of this base. The aromatic nature of pyrrole and its analogies 
with the phenols are here developed; these are questions of prime 
importance in connexion with this group of compounds and later 
became fundamental to the study of chlorophyll and hsematin. 
The reduction products of pyrrole, pyrrolylene, and more especially 
of pyrrolidine, prepared for the first time in 1885, call for particular 
mention in that these groupings form part of the nuclei of such 
important alkaloids as hygrine, nicotine, cocaine and atropine, 
and of the proteins. 

The results of these investigations were collected in a monograph 
“ H Pirrolo e i suoi Derivati,” published in 1888, which gained 
for its author the Royal Prize of the Accademia del Lincei. Ciami- 
cian gave a masterly review of the whole subject in an address to 
the Deutschen Chemischen Gesellschaft “ On the Development of 
the Chemistry of Pyrrole during the last Quarter of a Century, 55 
in 1904 (Per., 1904, 37, 4200). Amongst the work done in this 
field should be noted the discovery and utilisation of tetraiodo- 
pyrrole or iodol , which has found considerable therapeutic use as a 
substitute for iodoform. To be remarked also is the preparation 
from pyrrolidine of butadiene, a hydrocarbon which later became 
so important in connexion with the synthetic manufacture of 
indiarubber. Meyer and Jacobsen (“ Lehrbuch der organischen 
Chemie, 55 1920, 2, 147) refer to this group of investigations in their 
statement—“ Das eigenartige Verhalten der Pyirol-Korper wurde 
besonders durch eine grosse Reihe von trefflichen Untersuchungen 
beleuchtet, welche man dem italienischen Forscher Ciamician und 
seinen Schulem verdankt. 95 

3. j Researches on Certain Vegetable Components . 

Thirty-seven papers are devoted to this subject and appeared 
between 1888 and 1899. The constitutions of a number of organic 
compounds of vegetable origin were established by these investig¬ 
ations. The work on apiole, and the conversion of safrole and eugenol 
into their isomerides, which was vital to the industrial manufacture 
of heliotropin and vanillin, here call for mention; so also does the 
study of the components of the Coto and similar barks, of pseudo- 
pelletierine and the constituents of the essential oil of celery, in 
which the constitution of the aromatic principle, sedanolid, was 
elucidated. This was one of Ciamician’s finest pieces of work; it 
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preceded that of Willstatter, who developed with such success, 
and in a variety of directions, the line of investigation so well 
marked out and defined by Ciamician. 

4. Researches on the Chemical Action of Light . 

Forty notes and nine memoirs were published between 1900 and 
1915 on this subject, which was developed into the first systematic 
study of the behaviour of organic substances towards light. 

These researches on the action of light were initiated by Ciamician 
at Rome in 1886 by his investigation “ On the conversion of 
quinone into quinol by light 55 and “ On the action of light on 
nitrobenzene in alcoholic solution.” They were resumed actively 
in 1900 and carried on until 1915 in conjunction with Dr. Paolo 
Silber, who had collaborated in most of Ciamician 5 s work since 
1882. The war interrupted this partnership, which is one of the 
longest, the most fruitful, and the most disinterested joint efforts 
in chemical scientific investigation. In the course of this work 
the following photochemical reactions were discovered: the 
reciprocal reduction and oxidation of alcohols and carbonylic 
compounds such as aldehydes and ketones, the reduction of 
aromatic nitro-derivatives by alcohols and aldehydes, the poly¬ 
merisation of unsaturated compounds and their isomeric changes— 
this was extended also to the oximes—the hydrolysis of open- and 
closed-chain ketones, and also of cyclohexanone and its derivatives, 
of menthone, of camphor, and of fenchone, the condensation of 
hydrogen cyanide with ketones and aldehydes, the aldol condens¬ 
ation of alcohols and ketones, and the synthesis and autoxidation 
of y-diketones. 

The earlier portions of this series of studies were summarised 
in a brilliant lecture “ On the Chemical Action of light,” delivered 
before the French Chemical Society in 1908. The later publications 
on photochemistry treat of the autoxidation of organic acids and 
of ketones, of bases such as piperidine and nicotine, and of the 
reduction of copper salts by acetic and benzoic aldehydes. As of 
especial interest in connexion with autoxidation may be noted that 
of the cyclohexanones, which yield dicarboxylic acids and the 
corresponding ketones by opening of the ring, and that of oleic 
acid, in which the double bond is broken, giving a series of lower 
fatty acids and providing an explanation of the occurrence of 
rancidity. 

During his researches on light as a chemical agent, Ciamician 
acquired the conviction that the future of organic chemistry lay in 
its application to biological chemistry and that the more the 
chemist makes his methods approximate to those of natural pro- 
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cesses the better he will succeed in elucidating the secrets of nature. 
Ciamieian was never interested in making new compounds for their 
own sake; he held in horror those substances which only figure in 
Beilstein, and his work followed no fashion, but was always directed 
towards the solution of fundamental problems. Plotnikov, im¬ 
pressed by the mass of work carried out by Ciamieian and Silber 
since 1900, has stated that this year marks the basic date in the 
history of photochemistry. 

5. Researches on Vegetable Chemistry . 

This group of studies is described in nine notes and twelve 
memoirs and was initiated by Ciamieian in 1908 in collaboration 
with his assistant, Dr. Ciro Ravenna, now Professor of Agricultural 
Chemistry at Pisa, and was continued until a few months before 
his death. The problem involved was that of the origin and the 
functions of the vegetable glucosides and alkaloids. 

These investigations constitute a broad and happy attempt to 
elucidate the functions and mutual transformations of the sub¬ 
stances contained in the living plant; its most valuable result has 
been the synthesis of glucosides by introducing the aromatic com¬ 
pounds concerned into the plant. Thus, salicin is formed as a 
result of inoculating growing maize with salicyl alcohol. Further, 
on introducing nitrogenous substances, and especially amino-acids, 
into plants which produce alkaloids, the production of the latter is 
increased: thus, asparagine increases the formation of nicotine in 
the tobacco plant. In another series of experiments, the influence 
of certain organic substances on the germination and development 
of plants was studied with a view to ascertaining the function of the 
alkaloids. From all this work it appears to be indicated that 
such accessory products as alkaloids, produced in the living plant, 
are not excretionary products, but exercise a function which may 
be similar to that of the hormones in animals. 

Ciamieian su m marised his work and its conclusions in an elegant 
and lucid address “ On the Biological Significance of Alkaloids in 
Plants,” delivered in October, 1921, at the meeting in Trieste of 
the Italian Association for the Advancement of Science. This 
was the last occasion on which he spoke in public, and he con¬ 
cluded the account of this very beautiful piece of synthetic work 
by stating—“ The conclusion deduced from what we know at 
present, is that the plant practises a chemistry corresponding to 
that practised in the laboratory, but does so by means infinitely 
more simple than ours, although with objects similar to ours. The 
plant organisation is less differentiated than that of animals, and 
volitionary manifestation is less developed, but amends are made 
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by the exercise of a highly perfected chemical technique; the 
plant consciousness is a chemical consciousness.” 

6. Memoirs and Notes on Physical Chemistry.—Addresses and 
General Discourses. 

The first work of Giacomo Ciamician was on physical chemistry, 
and he continually followed the development of this science; 
indeed, he made notable contributions to it by a few but funda¬ 
mental papers. The note “ On a Lecture Experiment for Demon¬ 
strating Raoult’s Law,” and that “ On the Theory of Electrolytic 
Dissociation,” in which he was perhaps the first to advance the 
idea of complexes formed between the ions and the molecules of 
the solvent (i.e., solvates of the ions), are worthy of remark. Again, 
the paper “ On the Relations between the Chemical Constitution 
and the Property of forming Solid Solutions of Organic Com¬ 
pounds ” was the starting point of fruitful investigations in his 
own laboratory and culminated in the classical work of Bruni on 
solid solutions. The note on “ Considerations on the Nature of 
Chemical Affinity and of the Valency of the Atoms,” published 
with Padoa in 1918, came early in the introduction into our science 
of the electronic constitution of the atom, and some of the views 
put forward are really profound and merit further development 
now that the secrets of atomic constitution seem in the main 
unveiled. Ciamician’s point of view in the treatment of questions 
of general interest was a very admirable one. In his inaugural 
address on “ Chemical Problems of the New Century” in 1903 
he showed a real gift for the dignified but at the same time efficient 
popularisation of science; this power was still further developed in 
a lecture on “ Problems and Objects of Modern Organic Chemistry,” 
given at Vienna in 1907, in those on cc Organic Chemistry in Organ¬ 
isms ” at Parma in 1908, and on “ The Co-operation of the Sciences ” 
at Naples in 1910, and, lastly, in his magnificent discourse on 
“ The Photochemistry of the Future,” read at New York in 1912 
before the 8th International Congress of Applied Chemistry. In 
this sparkling address he developed many fundamental conceptions 
which have been taken up in numerous later well-known utterances 
by others; he insisted on the need for setting plants to work, so 
that we may conserve, so far as may be possible, our natural wealth 
of fossil fuels, which is really small, and of applying photochemistry 
in desert regions to the utilisation of the solar radiation. 

“ On the arid earth,” he says, “ will spring up industrial colonies 
without soot and without chimneys : forests of glass tubes and 
greenhouses of all sizes will rear themselves before the sun, and 
in this transparent apparatus will proceed those photochemical 
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processes of which the secret and the monopoly are at present held 
alone by the plant, but which human industry will learn how to 
wrest from it. That knowledge will be usefully applied in quite 
new ways, because whilst nature is incapable of haste, humanity 
can act more speedily; if, in some distant future, the moment arrives 
when fossil carbon becomes exhausted, it will not entail the death 
of civilisation, for life and its amenities will endure so long as the 
sun shines.” He took up this argument again, and in a form which 
appealed to a larger public, in his article on “ Chemical Industry 
without Carbon,” published in the “ Nuova Antologia ” in 1917. 

Amongst other writings of Ciamician which call for special 
mention are those devoted to the memory of Stanislao Cannizzaro 
and of his intimate friend Augusto Piccini, and the discourse, preg¬ 
nant with thought, delivered at the celebration of the 70th birthday 
of Guglielmo Koemer. 

The vast output of scientific work of outstanding merit produced 
by Giacomo Ciamician has been very briefly summarised in the 
above pages; it appears the more remarkable by contrast with the 
penury of his laboratory, which made his work a real struggle. He 
was an incomparable master in the laboratory and the lecture 
theatre and a great stimulus to energetic work. His numerous 
pupils now fill the most important chairs of chemistry in Italy and 
hold high the renown of Italian chemistry; amongst them may be 
mentioned Angeli, Magnanini, Plancher, Garelli, Bruni, Mascarelli, 
Ravenna, Boeris, Cambi, Barbieri, Padoa, and Ciusa, together with 
Zanetti and Rimini, who have passed away. He initiated and vigor¬ 
ously inspired much original work which did not come strictly within 
his own field; thus arose the investigations of Bruni, Garelli, and 
Padoa. Himself indefatigable, he inspired in all a noble enthusiasm 
for assiduous work. His lectures, to which he devoted himself like 
an apostle, were models of elegance, of precision, and of vivacity, 
as well as in the choice of experiments; they were one of his great 
passions, and it was always for him a sad day when he could not 
appear before his class, which welcomed him with growing applause, 
repeated at the close of the lecture. Against the advice of his 
friends and students, and when already attacked by fever in Novem¬ 
ber 1921, he wished to commence his courses in general and in 
organic chemistry; immediately afterwards he was laid aside by 
the insidious malady which took him from us. 

Giacomo Ciamician was a member of practically all the Italian 
Academies and scientific bodies, as well as of a large number of 
foreign societies. He had been President of the Italian Society 
for the Advancement of Science and of the Italian Association for 
Pure and Applied Chemistry; he was an honorary member of the 
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English, French, German, and American Chemical Societies, and a 
foreign member of the French Academy of Sciences. He was an 
honorary LL.D. of the University of Glasgow and an honorary mem¬ 
ber of the Eoyal Institution of Great Britain. He did not seek 
dignities, but he was a Cavaliere dell 9 Ordine del Merito civile di 
Savoia and a Chevalier of the Legion of Honour. After 1910, he 
worked actively as a member of the Italian Senate. He had a 
distaste for militant politics, but nevertheless his voice did not fail 
the Senate when questions arose which concerned education or the 
chemical industries; his principles were broadly liberal and he was 
greatly attached to his native Trieste. Immediately after his 
graduation he left Vienna, although he could have found there an 
ample career and ample means for carrying out his work, and came 
to Italy. At the death of Professor Weidel, an occasion offered for 
his election as Professor in Vienna with honours, means of work, 
and emoluments far greater than those he enjoyed in Italy; not¬ 
withstanding his gratitude to his former teacher, Professor Lieben, 
he never thought for a moment of abandoning Italy. 

During the war he devoted his great abilities with much self- 
sacrifice but with juvenile enthusiasm to the work allotted to him; 
this work was arduous and intense and, whilst without doubt 
valuable to our country, undermined his already shaken constitu¬ 
tion. Towards the end of the war he was smitten by two great 
sorrows, first, the death of his mother and later that of his dearly- 
loved sister, Carolina, the wife of Professor B. Nasini. The last 
great pleasure of his life was to witness the liberation of his native 
Trieste. Trieste had always held him in affection and esteem as 
one of the elect of her sons, and decided on his death that the 
Via degli Armeni, in which is the house of his aunts on the mother’s 
side where he passed his youth and which he made his home when 
in Trieste, should be renamed the “ Via Giacomo Ciamician. 99 On 
the house in which he was bom, 21 Via S. Martiri, the Municipality 
has placed a bronze medallion with his portrait and an inscription 
by the well-known patriot and scholar, Senator Attilio Hortis. 

Ciamician was of a benign and fine presence; his blue eyes 
expressed his great kindliness and revealed the simplicity of his 
nature; he was easily moved to anger, but incapable of harbouring 
offence. He had a genius for friendship and lavished a noble 
affection upon his intimate associates; he was simple and upright 
in private life and a model of the civic virtues. His mind was 
open to all the great modes of intellectual expression; amongst the 
arts he loved above all that of music, and in this, even in musical 
Bologna, he was considered as one of the highest authorities. The 
Queen Margherita held him in affection and enjoyed his thoughtful 
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and animated conversation; he had friendships amongst all the 
chief chemists of his day, more particularly with Emil Fischer, 
who several times proposed him for the Nobel prize, with Albin 
Haller in France, and with Henry E. Armstrong. 

Bologna was proud to look upon him as one of her citizens and 
followed anxiously the vicissitudes of his last illness, an insidious 
malady from which so rapid an end was not to be foreseen. He 
passed away quietly in the arms of his brother-in-law, Professor 
R. Nasini, and of his nephew, Dr. A. G. Nasini, and surrounded by 
his relatives from Trieste; most of his former students had collected 
in Bologna to be present at the end. They took part in the 
last solemnities when he was laid to rest on a cold and bright 
January day; to the accompaniment of Beethoven’s funeral march, 
as Ciamician had wished, the great procession passed among the 
mourning populace through the streets of the old turreted city 
he had loved so well. 

A memorial stone has been placed by his students on the house 
which he had always occupied, No. 3 Via Guido Reni. In a short 
time the new Chemical Institute will be inaugurated: Ciamician 
had devoted much of his activities to this project and its execution 
and hoped much from its future. It will carry on its fa§ade the 
inscription e< Istituto Chimico Giacomo Ciamician.” An honour 
worthy of the great man of science. 

Raffaello Nasini. 


SAMUEL HENRY DAVIES. 

Born September 19th, 1870; Died May 9th, 1925. 

Samuel Henry Davies was born at Liverpool on September 19th, 
1870, the son of Richard Davies, pharmacist. He received his early 
schooling in Liverpool, and was then for four years at the Friends’ 
School at Sidcot in Somerset, where he already showed a keen 
interest in chemistry. He studied successively at University College, 
Liverpool, and Owens College, Manchester, and graduated B.Sc. at 
Manchester in 1890 (M.Sc. in 1893), winning a scholarship which 
took him to Heidelberg. Here, under the direction of Victor 
Meyer, he carried out a research on “ Alkyl and Acetyl Sulphides,” 
which was published in the Berichte in 1892, and a minor research 
with Emil Feith on the “ Action of Hydroxylamine Hydrochloride 
on Acetomesitylene.” 

After returning to England Davies held university posts as 
demonstrator first at Manchester and later at Leeds, and won 
the esteem of professors and students. His professor at Leeds 
says : “I never parted with a demonstrator more reluctantly, for 
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he was an excellent teacher full of life and go, ready to take up 
and carry out any promising new plans of instruction. 99 

In 1893 Davies was appointed the first head of the chemical 
department at the new Battersea Polytechnic; into the organisation 
of this department he threw himself with whole-hearted and char¬ 
acteristic energy. Here he remained until in 1896 he was appointed 
chemist to Rowntree and Co. at the Cocoa Works, York. This post 
he held for more than twenty-five years, during which the original 
small laboratory with one assistant grew under his direction to a 
finely-equipped department with a staff of fifty. 

Davies was a man of the widest human sympathies and his 
work at York did not end with his duties as chemist but covered 
a varied field; he lived a very full life both in the works and in 
the city. He took the keenest possible interest in the welfare of 
the workers and in their various clubs and social activities, devoting 
much time in the earlier days to the swimming, rowing, and football 
clubs. 

In 1907 Davies married Miss Edith M. Oliver and about this 
time was elected a member of the York City Council, on which 
he represented Castlegate ward for nine years. He was a strenuous 
advocate of the feeding of necessitous school children and of a clean 
milk supply and was the author of pamphlets published by the 
York Health and Housing Reform Association. 

Much of Davies’s work for the firm could not be made the subject 
of publications, but in 1904 he published (with McClellan) a paper 
on the amount of fat contained in cocoa beans of different origin 
and in 1912 (with J. S. Bainbridge) a valuable paper on “ The 
Essential Oil of Cocoa. 95 He directed much attention to the general 
problems of factory working, and papers published in 1903—1904 
on the “ Relative Efficiency of Insulating Media 99 embody the 
results of detailed research on the comparative value of materials 
used for covering steam-pipes. He also wrote on factory ventilation 
and lighting and devised a simple and rapid method for the 
estimation of carbon dioxide in the atmosphere. 

On behalf of Rowntree and Co. Davies made journeys in many 
countries, notably in South America and the West Indies; he 
returned to the West Indies several times in connection with the 
development of Rowntrees 9 estates. He always maintained his 
interest in these islands and was a prime mover in establishing the 
Technical College in Trinidad, of which he was appointed a governor. 

Davies was a member of the Fell and Rock Climbing Club and, 
an enthusiastic lover of mountains, spent many summer holidays 
in the Tyrolese Alps. 

From 1919 Davies suffered from ill-health and after a break- 
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down in 1922 relinquished his full time duties at the cocoa works, 
but was still retained by the firm as consultant. He built himself a 
new home and a laboratory at Jordans in Buckinghamshire, where 
he intended to continue research work, but his health broke down 
completely and he passed away on May 9th, 1925. 

Davies possessed an unusual charm of manner and disposition 
and was beloved by a wide circle of friends; excellent chemist as 
he was, chemistry was to him but one means of approach to his 
fellow men. A writer in the York Gazette says of him : “ When 
S. H. Davies saw something to be achieved which could bring 
gladness and essential prosperity into the lives of his neighbours, 
he sought for this with his whole soul and strength, however strong 
and influential the forces against him, 57 and one who worked with 
him in his later years rightly described him as “ gentle and charit¬ 
able, indulgent to others, severe to himself and unwearying in 
service to friends. 77 His was a noble nature and we who knew 
him are sorrowful that he has left us so soon. 

Reginald Brown. 

WILLIAM HENRY DEERING. 

Born December 19th, 1848: Died September 5th, 1925. 

William Henry Deeping was the youngest son of W. Deering of 
Gravesend. He received his early education at the City of London 
School and in 1864 entered the College of Chemistry as a student 
under Hoffman. After short periods as assistant to Sir Benjamin 
Brodie at St. Bartholomew's Hospital and with William Odling 
at Oxford, in 1867 he joined the staff of Sir [Frederick Abel, Chemist 
to the War Department, at the Royal Arsenal, Woolwich. He 
spent the rest of his life, until his retirement in 1909, in the Govern¬ 
ment service, becoming hi ms elf Chemist to the War Department in 
1905. 

Like that of many other civil servants, Deering’s work was 
unknown to the general public, but he played no small part in the 
application of chemical science to m ilitary materials which showed 
so remarkable a development towards the end of last century. 
Although the introduction of cordite is associated with the name of 
Sir Frederick Abel, the fundamental researches which led to its 
adoption in the British Service necessarily depended on his assist¬ 
ants, and of these Deering and his colleague, the late William 
Kellner, were mainly responsible for the work. It is sufficient 
testimony to the thoroughness and completeness of their labours that, 
in spite of continuous efforts to improve upon it, the cordite of to-day 
is substantially the same as that introduced into the Service in 1889. 
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In addition to his work on cordite, Deering was called upon, in the 
course of his long service, to deal with a large variety of chemical 
and physical problems in connexion with explosives and other 
military stores. He carried out much important investigation in 
perfecting electrically-fired detonators for use in the field. 

As regards contributions to the literature of their profession, 
scientific officers of the public service suffer from certain disabilities. 
It frequently happens that their more important work is of a confi¬ 
dential nature, or, if not, that it is published in the form of a report 
by the Head of the Department, in which the part played by 
individuals is not shown. To these facts, coupled with Deering’s 
marked distaste for publicity, is due the relatively small number 
of papers under his name. Perhaps the most important are those 
(with Abel) on the conditions in which carbon exists in steel (J., 
1883, 43, 303) and (with Kellner) on the measurement of pressure 
by the crusher gauge (Proc. Roy . Soc., 1895, 57, 404). But he also 
contributed papers to the Society’s Journal on water analysis and 
on lead salts, and to other journals on mineral oil and certain fatty 
oils. He was responsible for the article on “ Explosives ” in the 
first edition of Thorpe’s “ Dictionary of Applied Chemistry ” and 
received a medal for a lecture on the same subject before the Royal 
Society of Arts. 

Deering’s knowledge of chemical literature was encyclopaedic. 
He remained a student throughout his career and had an exception¬ 
ally retentive memory. There were few subjects upon which he 
could not, without hesitation, refer an inquirer to the more import¬ 
ant papers dealing with them. In the laboratory, his work was 
characterised by meticulous care. He took nothing for granted, 
satisfied himself at every stage of the accuracy of his work, and 
eliminated or evaluated every possible source of error. He was a 
good linguist, speaking Drench and German fluently. He had also 
a working knowledge of Italian and the Scandinavian languages. 

Inclined to be somewhat impulsive and outspoken, and intensely 
disliking insincerity of any kind, it was only those who knew Deering 
well who could realise his kindness of heart. He was incapable of an 
ungenerous act, and appreciated the work of his humblest assistant. 

Deering lived for his work, and the Companionship of the Imperial 
Service Order, conferred upon him in 1906, was an inadequate 
recognition of a life of really devoted service to his country. 

Deering married, in 1905, Isabel, daughter of Thomas Cowie of 
Blackheath. Upon his retirement, he moved to Devonshire and, 
after some years of failing health, died at Torquay on September 
5th, 1925. A. V. E. 
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FRANCIS ROBERT JAPP. 

Born February 8th, 1848: Died August 1st, 1925. 

Francis Robert Japp, a member of a family of Dutch origin, 
whose name was well-known half a century ago in the eastern 
districts of Forfarshire, was born in Dundee on 8th February, 
1848, the youngest son of James Japp, minister of the Catholic 
Apostolic Church in that city. His earliest education was obtained 
in the town of his birth, in part at the High School there; but in 
1861, at the age of thirteen, he was sent to St. Andrews, the 
reputation of which as an educational centre stood then, as now, 
very high. After three years spent at the Madras College, he 
entered the University as a student in the Faculty of Arts. 

The course of study for the Arts degree extended, at that time, 
over four winter sessions of five to six months each (therb were no 
summer sessions), and the subjects studied were Latin, Greek, 
Mathematics, English, Logic and Metaphysics, Moral Philosophy, 
and Natural Philosophy. While at St. Andrews, Japp contracted 
a lifelong friendship with John Masson, essayist and author of 
“ Lucretius, Epicurean and Poet. 5 ’ 

After graduating M.A. at St. Andrews, Japp entered the Univer¬ 
sity of Edinburgh in 1868 as a student of law; but his period of 
study at Edinburgh proved to be a short one. In the summer 
of 1869 his health broke down and he was compelled to relinquish 
his legal studies and to reside abroad, at Pau and at other health 
resorts. For two years, from the spring of 1871 to the spring of 
1873, Japp resided in Germany, at Gottingen, Berlin, and Heidel¬ 
berg; and although, during a portion of that time, he attended 
lectures on International Law and on German Literature, he had, 
even then, abandoned his intention of prosecuting the study of 
law. The record of the following two years will be more interest¬ 
ing if told in Japp’s own words, communicated to the writer in a 
letter some years ago ; “ In the spring of 1873, I returned to 
England and spent the time partly in London, partly in Scotland* 
I had by this time taken up the subject of chemistry, in which I 
had always been interested. In the autumn of 1873 I returned to 
Heidelberg and began the study of that subject under Bunsen. I 
was then twenty-five years of age, and my friends, who had long 
despaired of my ever taking up anything seriously, regarded this 
last step as the crowning folly of a hopeless career. In 1875 I 
graduated Ph.D. at Heidelberg (only insigni cum laude). I was 
anxious to get all examinations behind me as soon as possible and, 
I fear, rather hurried matters. The Heidelberg Ph.D. at that 
time required no * dissertation s and was rather a worthless degree; 
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there was no practical examination—merely an 4 oral 5 of two hours. 
I stayed with Bunsen until the end of the summer semester, 1876, 
devoting the winter semester to the separation and preparation of 
various rare elements and the summer to a rather impossible piece 
of research which Bunsen had suggested and which led to no result. 
I also heard lectures by Hermann Kopp, on the History of 
Chemistry; by Hermann Quincke, on Physics; and by Blum, on 
Mineralogy. Contemporaries of mine in Bunsen’s laboratory were 
John Gibson, J. E. L. Shadwell, C. Loring Jackson, W. F. Hille- 
brand, T. H. Norton, F. P. Treadwell, Charles Otto Treehmann, 
Hans Jahn, and Siegmund Gabriel.” 

From Heidelberg Japp proceeded to Bonn to work in the 
laboratory of August Kekul6, who had, some years previously, 
been appointed to the Chair of Chemistry in the University and had 
attracted to his Institute large. numbers of young chemists of 
different nationalities. Whether the young Scottish chemist felt, as 
did van ’t Hoff, that the laboratory of Kekule was a sacred temple 
to be entered only with feelings of reverence and of awe, we cannot 
say; but the Memorial Lecture on Kekule, delivered by Japp in 
1897, bears, in its every line, clear and eloquent testimony of the 
esteem and admiration which he felt for his new teacher, who, 
although no longer at the height of his physical power, preserved 
his mental faculties unimpaired and could still inspire work of 
unsurpassed excellence. It was in the palatial laboratory at Bonn 
that Japp, under the more immediate guidance of G. Schultz and 
of Anschutz, first entered on that course of chemical investigation 
which he pursued with such wholehearted devotion and success 
for over thirty years. Among Japp's contemporaries at Bonn 
were P. Phillips Bedson, Henry Forster Morley, Richard Taylor 
Plimpton, and Shadwell.* 

* The writer is indebted to Geheimrat Professor R. Anschutz for the 
following reminiscences of Japp’s period of study in Bonn : 

46 Japp wohnte in Bonn mit seiner Mutter in einem Haus in der K5ln- 
strasse im Nordosten Bonns wait weg von dem in Poppelsdorf gelegenen 
chemischen Institut, Das beschrankte stark seinen Verkehr mit semen 
Studiengenossen, die er nur im Laboratoriura spraeh; von studentischen 
Kneipereien hielt er sich fern. . . . 

44 Damals war Gustav Schultz Kekul6’s Privatassistent und ich Vorles- 
ungsassistent. . . . Soweit es meine Arbeiten fur Kekule gestatteten, 
arbeitete ich mit Schultz fiber das Phenanthren. Japp schloss sich an uns 
an und wir lemten im persdnliehen TJmgang die liebenswurdigen Eigen- 
schaften des urn einige Jahre alteren Fachgenossen sehatzen, der nicht nur 
die deutsehe Spraehe vdllig beherrschte, sondem sogar einen ausgesprochenen 
Sinn fur den deutschen Volkshumor an den Tag legte. . . . 

44 Da Gustav Schultz und ich unsere Arbeitsplatze neben Kekule im 
Privatlaboratorium hatten, so brachte es Japp’s Entschluss mit uns zu 

Eli 
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In 1878, Japp returned to Scotland and continued his research 
work in the laboratory of Professor Crum Brown, Edinburgh. 
Later in the same year he was chosen by Professor (later Sir) 
Edward Frankland, out of a large number of candidates, to take 
charge of the Research Laboratory which was then being estab¬ 
lished at the Normal School of Science, South Kensington, and to 
devote his whole time to the supervision of the research students. 
In 1881, when the Science Schools were reorganised by the Science 
and Art Department, Japp was promoted to the rank of. Assistant- 
Professor in what was then called the Royal School of Mines and 
Normal School of Science, and which, at a later date, became the 
Royal College of Science. Here, under E. Frankland and later 
under T. E. Thorpe, who succeeded to the Chair of Chemistry in 
1885, Japp continued to direct the work of research in, as well as 
to lecture on, organic chemistry. Although recognised as a brilliant 
research chemist, Japp felt that he was adversely affected in his 
candidatures for a Chair by his lack of experience in the conduct 
of a general laboratory, and in 1889, on the departure of P. F. 
Frankland to occupy the Chair of Chemistry at Dundee, Japp 
requested and was given a share in the teaching work of the large 
laboratories. Unsuccessful in his candidature for the Chairs at Leeds 
in 1885 and at Dundee in 1889, Japp was appointed to the Chair 
at Aberdeen in 1890, in succession to Thomas Camelley. 

The twelve years spent in London constituted, perhaps, the 
“ Golden Age 55 of Japp's scientific life. Filled with an enthusiasm 
for research, Japp not only found his work at the Normal School 
(and Royal College) of Science for the most part congenial and 
satisfying, but he also greatly enjoyed participating in the active 
scientific life which found its focus in the Chemical Society, at the 
meetings of which he was often a conspicuous figure. In the 
discussions which there took place, as the writer is informed, 
“opportunity arose for his revealing, not only his dry humour, 
but also his profound knowledge of chemical literature and a 
width of classical and philosophical reading altogether beyond the 
range of the attainments of the great majority of his contemporary 

arbeilen mit sich, dass er mit Kekule genauer bekannt wurde, als es sonst 
geschehen ware. Kekule fand bald Gefalien an Japp’s immer bedachtiger 
aber stets kiarer Art sich in der Unterhaltung iiber wissenschaftliche Fragen 
auszusprechen. 

“ Als im Jahre 1878 die Stelle eines Demonstrator der organischen Chemie 
am Royal College in London bei Frankland zu besetzen war, bewarb sich Japp 
darum, unterstutzt durch ein ausgezeichnetes Zeugnis von Kekule, und 
Frankland gab ihm vor anderen Mitbewerbem den Vorzug. Wie mir Japp 
spater mitteilte, habe Frankland besonder3 unsere Beweisfuhrung der 
Konstitution des Fhenanthrens gef alien.” 
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chemical colleagues.” Japp valued also the personal contacts with 
the leaders and fellow-workers in chemical science which residence 
in London made possible. On the other hand, Japp’s scientific 
accomplishments, his well-stored and cultured mind, and his 
remarkable personality won the admiration, regard, and esteem 
of his fellow-chemists, and he was early called to serve on the 
Council and the Publication Committee of the Chemical Society. 
Although, to the great regret of his many scientific friends, Japp 
seldom, after his departure in 1890, re-visited London or took part 
in the gatherings of chemists elsewhere, one could not fail to note 
how, in later years when settled at the northern University, he 
sometimes looked back with something of wistful yearning to the 
inspiration and stimulating fulness of life which the Metropolis 
offered to the scientific worker. 

While at the Royal College of Science, Japp gathered round 
him a large number of able and enthusiastic students, and research 
was prosecuted with great activity. About half the total number of 
scientific papers which Japp published, either independently or 
in collaboration, appeared during his London period. 

During this period, also, Japp contributed to the advancement 
of chemistry by the publication, in collaboration with E. Erankland, 
of a text-book of Inorganic Chemistry which was “ constructed on 
those principles of Classification, Nomenclature, and Notation 
which, after an experience of nearly twenty years, have been 
found to lead most readily to the acquisition of a sound and 
accurate knowledge of elementary chemistry.” The composition 
of the book was mainly the work of Japp, and the more theoretical 
sections, such as the chapter on the Atomic Theory, are excellent 
examples of clear and well-reasoned exposition. Owing, doubtless, 
to the adoption of Erankland J s constitutional formulae and nomen¬ 
clature, which did not find favour with contemporary chemists, 
this work did not have the circulation which it deserved. 

Japp also collaborated with Erankland in the preparation of a 
new edition of the latter’s “ Lecture Notes on Organic Chemistry.” 

From the Royal College of Science Japp proceeded, as has been 
noted, to the University of Aberdeen. He was, perhaps, fortunate 
in the date of his appointment, for it fell on the eve of a very great 
and rapid development of the University, marked, not only by 
the erection of imposing buildings and an increase in the number 
of its teachers, but also by a renewed activity in literary and 
scientific investigation. In all this progressive movement the 
Chemistry Department, under Japp’s guidance and enthusiasm, 
played a notable part. 

Until 1896, the Chemistry Department of the University of 

ll2 
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Aberdeen was housed in a series of four or five small rooms, badly 
lit and badly ventilated, which afforded accommodation of a very 
inadequate character for only two or three advanced students 
working at one time. Two of the rooms, in which the classes in 
practical chemistry for medical students were held, were fitted with 
a circular table without sink and without water-supply other than 
that contained in a jug placed on the narrow working bench. In 
these rooms even the most primitive arrangements for the extrac¬ 
tion of fumes were wanting, so that when fifteen or twenty students 
were vigorously boiling off excess of aqua regia, the figure of Japp, 
seated on a stool in the centre of the space enclosed by the circular 
work-bench, could be only faintly discerned through a mist of acid 
vapours. 

With such accommodation at his disposal, it was clear that it 
would be impossible to build up a school of chemistry of any 
importance, and Japp therefore set about the task of arousing 
public opinion and of stimulating the University authorities to a 
recognition of the claims of chemistry to more adequate accommod¬ 
ation. His reward came at last, and in 1896, with the carrying 
out of a scheme of University extension, Japp found himself installed 
in laboratories which, at that time, could be regarded as palatial, 
but which, in the space of thirty years, have become inadequate 
for the requirements of the present day. 

Development, however, took place in directions other and more 
important than towards new buildings. Previously, the work of 
the Chemistry Department had consisted, almost entirely, in the 
teaching of elementary chemistry to medical students, but soon 
after Japp’s installation as Professor at Aberdeen, a Faculty of 
Science was instituted, courses of instruction leading to the degree 
of B.Sc. were introduced, and a school of advanced chemical study 
rapidly grew up. It must, indeed, be regarded as not the least 
important and valuable of Japp’s contributions to the advancement 
of chemical science that, in an area where there had previously 
existed no school of advanced chemical training or tradition of 
chemical study, he created a vigorous school of chemical instruction 
and research from which there has issued a succession of chemists, 
many of whom occupy important academical and industrial posts 
in various parts of the world. 

While at Aberdeen, Japp delivered, each year, two courses of 
lectures, one on elementary inorganic chemistry and one on organic 
chemistry; and it must be confessed that as a lecturer to young 
Scottish students, perhaps the most testing audience for any 
lecturer to address, Japp fell somewhat short of achieving complete 
Success* It may be that he did not sufficiently bear in mind that 
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the great majority of the students attending his elementary class 
came to him entirely ignorant of chemistry or were hearing his 
lectures, not from choice, but under the compulsion of regulations; 
and it may also be that he was, temperamentally, somewhat out 
of touch with the mind of the average young student. As a conse¬ 
quence, the generous appreciation of which the Scottish student is 
capable sometimes degenerated, unfortunately, into an irritating 
disturbance or even a boorish noisiness. This behaviour on the 
part of his students was a constant source of annoyance and worry 
to Japp, and even told adversely on his health. On one occasion, 
when the disturbance was more than usually bad, Japp was roused 
to protest. Halting in the course of his lecture, he gazed on his 
students for a few moments and said : 44 Gentlemen, I have been a 
member of four Universities—London, Edinburgh, St. Andrews, 
and Aberdeen—and I find that the higher the latitude the lower 
the breeding. 5 ’ 

For his comparative lack of success with his elementary class, 
his success as a lecturer on organic chemistry to advanced students 
in science must have been some compensation. In this case, the 
lecturer was dealing with a branch of chemistry to which he had 
devoted his life and he was in the presence of a serious body of 
students to whom he gave of his best. Drawing on his wonderful 
knowledge of the subject and brightening, here and there, the 
intricacies of a problem in constitution with a touch of personal 
reminiscence, Japp revealed to his students the main features and 
course of development of organic chemistry in a manner which, 
to the student, was most impressive and showed Japp’s mastery 
of detail, clearness of thought, and accuracy of language. 

In all his teaching, whether in the lecture room or in the 
laboratory, Japp was intolerant of haziness of thought and sloven¬ 
liness of manipulation; and the high standard of clear thinking, 
accurate expression, and neatness of experimental work which he 
set for himself and demanded of his students did not fail to make 
an ineffaceable impression on his pupils. 

It was, however, in the research laboratory that Japp was most 
at home and at his best. With the help of a research assistant, 
maintained by means of a grant from the Royal Society, and in 
later years with the assistance of his own graduate pupils, Japp 
was enabled to maintain, although in somewhat diminished volume, 
his output of research work. During his tenure of the Chair at 
Aberdeen, upwards of forty papers were published by Japp in 
collaboration with his private assistants or research students. 
Although the last paper to bear his name appeared in 1905, Japp 
continued to inspire and direct the research work of members of 
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his staff; and, with a modesty approaching almost to self-depreci¬ 
ation, he frequently effaced himself in order that his reputation 
and seniority might not deprive his younger colleagues of any 
credit to which they might be entitled. This self-effacement was 
exhibited, not only in connexion with the publication of research, 
but also in connexion with the organisation and development of 
the teaching work of his Department. 

Although always jealous of the interests of his Department and 
active in its development, Japp took no prominent part in University 
politics or in the general work of administration. Nor did he take 
much part in the life of the various University Societies. “ When¬ 
ever they 55 (the officials of the societies) <e came to me for an 
address, I used to give them a sovereign, which I have no doubt 
was infinitely more acceptable. 5 ’ This, of course, was not the 
case, and one cannot but regret, from the point of view of the 
students, that Japp refrained from making use of the opportunities 
which offered of impressing on a larger body of the students some¬ 
thing of his own remarkable personality, of imparting to them 
something from his great store of scientific and literary lore, and 
of encouraging in them the cultivation of the wide and philosophic 
outlook which he himself possessed. Japp, however, had little 
of the missionary spirit and no great love for the platform or the 
market place; and he preferred to share the treasures of his mind 
chiefly with those who were associated with him in research or had 
the good fortune to enjoy his friendship. 

Commencing, as Japp did, his career as a chemical investigator 
in the laboratory of Kekul6, who, to quote from the Memorial 
Lecture, <c brought an intellect of incomparable power and subtlety 
to bear on problems so abstruse, so remote from the everyday 
thoughts and interests of mankind, that the vast majority even of 
educated persons have never heard either of the problems or of 
the man who did so much to solve them/ 5 it is, perhaps, not sur¬ 
prising that Japp’s research work was by no means “ popular.” 
It concerned itself at no point with problems of everyday experi¬ 
ence or of immediate industrial importance, but dealt with many 
difficult problems of chemical constitution which required for their 
solution greater chemical acumen and a more profound knowledge 
than is the case with many investigations which make a more 
direct appeal to the lay mind. Endowed with a very retentive 
memory, Japp took to heart, and passed on to his pupils, the 
counsel which Liebig gave to Kekule : “ If you want to be a 
chemist, you will have to ruin your health; no one who does not 
ruin his health with study will ever do anything in chemistry 
nowadays.” The Journal of the Chemical Society, the Berichte, and 
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the Annalen were Japp’s constant companions, and the Jahres - 
benefit formed his holiday reading. As a result he acquired an 
incomparable knowledge of organic chemistry which, together 
with a great capacity for accurate and laborious experimental 
work, the power of clear thinking and reasoning, and a highly 
developed <c chemical instinct,” enabled him to solve successfully 
many obscure problems of chemical constitution. Japp, more¬ 
over, was imbued with the spirit of the true scientific investigator 
intent only on eliciting the truth, without thought of personal 
ambition or material gain. 

The raw materials of almost all of Japp’s research work were 
phenanthraquinone, benzil, and benzoin; and from a paper (J., 
1897, 71, 123) which may almost be regarded as the apologia of 
his scientific life one learns that the main objects of the systematic 
study of the condensations of the ketones and keto-alcohol men¬ 
tioned were the synthesis of cycloids and the comparison of the 
properties of ortho-diketones of the aromatic series with those of 
the a-diketones or keto-alcohols of the aliphatic series. As he 
pointed out: “At that time, Ladenburg’s £ prism ’ formula could 
still be seriously put forward as a satisfactory expression of the 
reactions of benzene; and in this formula the ortho-carbon atoms 
are not directly united. Every condensation, therefore, which bore 
out the foregoing analogy” (between aromatic and aliphatic 
a-diketones) ££ was a fresh argument against the £ prism 9 formula. 
Indeed, it is cumulative evidence of this character, rather than 
any definite disproof, that has caused the £ prism ’ formula to be 
withdrawn from discussion.” 

It may be remarked that some of Japp’s earlier investigations 
(i e.g ., J., 1880,37, 410; 1882,41,146), which were undertaken partly 
with the object of throwing light on the constitution of phenanthra¬ 
quinone itself, supported Graebe’s peroxide formula; later work, 
however (e.g,, J., 1883, 43, 27), furnished a very strong argument 
in favour of Fittig’s formula, which was subsequently always 
employed. 

The success with which the main object of Japp’s research work, 
the synthesis of cycloids, was realised, is well seen from the following 
list of the various classes of compounds formed in different con¬ 
densation processes: 

Oxazoles .—1. By the interaction of a-diketones with aldehydes 
and ammonia (J., 1880, 37, 669; 1881, 39, 225). 2. From benzoin 
and nitriles (ibid., 1893, 63, 469). 

Iminazoles .—1. Ordinary (secondary) Iminazoles. —From a-di¬ 
ketones, aldehydes, and ammonia (ibid., 1882, 41, 146, 157, 323; 
1886, 49, 464; 1887, 51, 552, 557). 2. Tertiary Iminazoles and 
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Quaternary Ammonium Compounds. From a-diketones and primary 
amines of the formula B*CH 2 *NH 2 (ibid., 1895, 67, 32). 

Furfurans. —By the action of hydriodic acid on the condensation 
products of a-diketones with ketones (ibid., 1890, 57, 662). 

Indoles .—By the condensation of benzoin with primary benzenoid 
amines (ibid., 1894, 65, 889). 

Azines. —By the action of ammonia (1) on benzoin and (2) on 
a-diketones (ibid., 1886, 49, 828; 1887, 51, 98). 

To the above series of compounds one may also add lactones , 
pyrrolones, and pyrroles. 

In addition to the foregoing classes of compounds, all of which 
are heterocyclic, a number of pentacarbon ring compounds were 
also synthesised. Chief among these are anhydracetonebenzil , 
obtained by the condensation of benzil with acetone (J., 1885, 47, 
21); anhydracetonebenzilcarboxylic acid, by the condensation of 
benzil with acetonedicarboxylic acid (J., 1897, 71, 139); and two 
isomeric arihydrobenzil-lcevulic acids , by the condensation of benzil 
with Isevulic acid (J., 1897, 71, 144). 

For the most part, the superstructure of Japp’s synthetic work 
was founded on a new reaction which he discovered, the con¬ 
densation of ketones with aldehydes in presence of ammonia, and 
on his use of caustic potash as a condensing agent. The careful 
investigation of a large number of such condensation reactions and 
the elucidation of the constitution of the compounds produced in 
these reactions or prepared as derivatives therefrom, not only 
formed a very important and valuable contribution to synthetic 
organic chemistry, but also enabled Japp to elucidate the con¬ 
stitution of important compounds prepared by other investigators. 
Thus, by condensing benzil with benzaldehyde in presence of 
ammonia, lophine was obtained, and the constitution of this 
compound, first prepared by Laurent and by Fownes, was thus 

shown to be 2 6 5 5 By the reduction of lophine, 

Ce-tls’C rf 

amarine, 2 6 5 5 'S'S5>CH*C 6 Hs» is formed (J., 1882, 41, 323; 

g 6 h 5 *c*]ne 

1900, 77,608). Further, condensation of benzoin with benzonitrile 
under the influence of concentrated sulphuric acid showed that 
Laurent’s benzilam (Zinin’s azobenzil) is triphenyloxazole; and 
the oxidation of anhydracetonebenzil to desyleneacetic acid and the 
reduction of this acid to (By-diphenylbutyric acid, which was found 
to be identical with Zinin’s pyroamaric acid, established the con¬ 
stitution of the latter. By other condensations, also, important 

light was thrown on the constitution of glyoxaline, nil 
• CH—N 
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glycosine, , and lepiden (tetraphenyl- 

furfuran). 

Whilst the scientific investigations to which reference has just 
been made established Japp’s reputation as a chemist of the first 
rank, the address which he delivered as President of the Chemistry 
Section of the British Association in 1898 made a wider appeal, 
and showed that he was not a mere specialist with his interests 
confined within the bounds of his own narrow branch of work, but 
that he interested himself also in the more fundamental problems 
of science and of life. 

In that address, Japp emphasised the importance of the dis¬ 
coveries in stereochemistry because they furnish a reply 66 to the 
most fundamental question that physiology can propose to itself— 
namely, whether the phenomena of life are wholly explicable in 
terms of chemistry and physics; ... or whether, on the contrary, 
there are certain residual phenomena, inexplicable by such means, 
pointing to the existence of a directive force which enters upon 
the scene with life itself, and which, whilst in no way violating the 
laws of the kinetics of atoms, determines the course of their oper¬ 
ation within the living organism.” His whole address was an 
argument, based on the results of stereochemical investigation, in 
favour of the doctrine of vitalism as revived by the younger 
physiologists; and in it his purpose was to show that “ living 
matter is constantly performing a certain geometrical feat which 
dead matter, unless, indeed, it happens to belong to a particular 
class of products of the living organism and to be thus ultimately 
referable to living matter, is incapable—not even conceivably 
capable—of performing.” 

The argument may be briefly summarised. Although in nature 
most asymmetric compounds occur in one of the optically active 
forms only, it is found that when it is attempted to synthesise 
such a compound from symmetric substances the product of the 
synthesis is always inactive. As Pasteur said : “ Artificial products 
have no molecular asymmetry; and I could not point out the 
existence of any more profound distinction between the products 
formed under the influence of life and all others.” The inactive 
forms, however, obtained by chemical synthesis can be resolved 
into the two oppositely active isomerides by means of enzymes, 
moulds, etc., and even, in some cases, by crystallisation. Since 
the racemic sodium ammonium tartrate could be resolved into the 
active forms by the symmetrically acting process of crystallisation, 
and these active forms could be separated by hand, it was thought 
that “ the barrier which M. Pasteur had placed between natural 
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and artificial products ” was thereby broken down; and this was 
undoubtedly the view held by the majority of chemists. 

But had it ? Japp intimated in his address that he had for some 
time held a contrary opinion, and he again asked the question 
which had also previously been posed by Crum Brown; “ Is not 
the observation and deliberate choice by which a human being 
picks out the two kinds of crystals and places each in a vessel by 
itself the specific act of a living organism of a kind not altogether 
dissimilar to the selection made by Penicillium glaucum ?” This 
question Japp discussed and answered in the affirmative. The 
artificial, racemic compound, certainly, had been resolved into the 
active forms by the symmetrical process of crystallisation, but 
these two forms had not thereby been separated from each other; 
both active forms were present side by side. Their separation 
“requires the living operator, whose intellect embraces the con¬ 
ception of opposite forms of symmetry, to separate them. 5 ’ . . . 
“ Conscious selection here produces the same result as the uncon¬ 
scious selection exercised by the micro-organism, the enzyme, or the 
previously existing asymmetric compound.” Pasteur had himself 
pointed out that “ to transform one inactive compound into another 
inactive compound which has the power of resolving itself simul¬ 
taneously into a right-handed compound and its opposite, is in no 
way comparable with the possibility of transforming an inactive 
compound into a single active compound. This is what no one 
has ever done; it is, on the other hand, what living nature is doing 
unceasingly before our eyes.” Here then is the conclusion to which, 
from a consideration of the facts of stereochemistry, Japp arrived : 
fit The production of single asymmetric compounds, or their isolation 
from the mixture of their enantiomorphs, is the prerogative of life. 
Only the living organism with its asymmetric tissues, or the asym¬ 
metric products of the living organism, or the living intelligence 
with its conception of asymmetry, can produce this result.” And 
further : “ I see no escape from the conclusion that, at the moment 
when life first arose, a directive force came into play—a force of 
precisely the same character as that which enables the intelligent 
operator, by the exercise of his will, to select one crystallised 
enantiomorph and reject its asymmetric opposite.” The action of 
such a directive force, moreover, involves no violation of the law 
of the conservation of energy. 

An address on such a subject as that selected by Japp could not 
fail to provoke discussion, and its arguments were, indeed, assailed 
by Karl Pearson, Fitzgerald, Herbert Spencer, and others. All 
their criticism, however, was successfully met, and failed to force 
a retreat from any of the positions which had been taken up. 
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That the work which Japp accomplished for chemistry was 
appreciated by the scientific and academic world is shown by the 
honours of which he was made the recipient. As early as 1885, 
he was elected a Fellow of the Royal Society; from 1885 to 1891, 
he was Foreign Secretary, and from 1895 to 1899, Vice-President of 
the Chemical Society; in 1891, he was awarded the Longstaff 
Medal, the highest mark of appreciation which British chemists 
can show, for his researches in organic chemistry; in 1898, he 
was President of the Chemistry Section of the British Association; 
and from 1901 to 1904, he was Vice-President of the Institute of 
Chemistry. In 1888, the University of St. Andrews conferred on 
Japp the Honorary Degree of LL.D., and he was similarly laureated 
by the University of Aberdeen in 1915. 

A sketch of Japp’s scientific achievements, however, gives a 
picture of but half the man; for in him we find one who, although 
a specialist who won for himself high distinction in a relatively 
narrow field of scientific study, nevertheless appreciated and loved 
literature and art. A linguist of ability, the literatures of England, 
Germany, France, and Italy were accessible to him in the language 
of their authors; and while possessing a familiar knowledge of all 
that is best in the literature of our own country, his acquaintance 
with the literature of Germany, of France, and of Italy was such 
as might be envied by many who have taken up the study, not of 
science, but of letters. On many occasions an apt quotation or 
literary allusion gave point to an argument or brightened a 
conversation. 

In his speech, as in his writing, Japp’s language was always 
clear and accurate, and if he did not compose with rapidity he did 
so with exceeding care; and his writings were models of lucidity, 
logical development of an argument, and accuracy of expression. 

Japp’s interests extended, also, into the realm of Art, especially 
of music. A musician of cultivated taste, he possessed not only 
executive ability as a pianist but also a thorough knowledge of 
musical theory and a wide acquaintance with musical compositions. 
It was to him a great pleasure, relaxation, and recreation to spend 
an evening, in the company of music-loving friends, in discussing 
the compositions of his favourite composers or in performing their 
works. 

Unskilled in the art of self-advertisement and indifferent to 
the world’s estimates of eminence or wisdom, Japp looked upon 
the general activities of the world and the impatient hurrying of 
men with a certain Olympian detachment and philosophic calm; 
and the petty annoyances which were laid upon him by the 
jealousies or inconsiderateness of lesser minds he bore with amiable 

ll* 2 
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resignation. He was slow to form conclusions, but bis judgment, 
whether of men or of opinions, was sound and could be relied on 
with confidence. He was himself the soul of honour and devoted 
to truth. 

A product of the old regime in Arts in the Scottish Universities 
which, whatever its defects, cultivated width of view and diversity 
of outlook, Japp looked out on life through many windows, and to 
know him was in itself a liberal education. 

In 1914, Japp retired from the Chair of Chemistry at Aberdeen 
and resided at first at Acton and later at Richmond, where he died. 
The closing years of his life were saddened by the loss of his son, 
who died, in 1920, while on the threshold of a promising career, 
from an illness contracted while on military service. In 1921, 
Japp’s health broke down and he had to undergo an operation 
from which he never fully recovered; and in his last years, failure 
of eyesight deprived him of the companionship of books. 

In 1879, Japp was married to Elizabeth Tegetmeyer, of Kelbra- 
Kyffhauser, a small town near Nordhausen, by whom together with 
two daughters he is survived. A. F. 


FRANCIS JONES. 

Born 1845; Died October 22nd, 1925. 

Francis Jones was born in Edinburgh in 1845 and was educated 
at the Edinburgh Institute and the University. He went to 
Heidelberg to work under Bunsen, and here he met Roscoe. On 
returning to England he became one of Roscoe’s two assistants in 
the great work on the atomic weight of vanadium. For Roscoe 
he always expressed great admiration, but it was a disappointment 
to him that no acknowledgment of his help appeared in the great 
paper. He used to say, with a whimsical smile: “ I was only 
referred to as Analyst A or Analyst B, I forget which.” On the 
retirement-of Dr. Marshall Watts, Jones was appointed chemistry 
master at the Manchester Grammar School. The High Master 
was then F. W. Walker, one of the few non-clerical headmasters at 
the time. Realising, as few of his confreres did, the possibilities 
of science as a, means of education, he gave Jones a free hand, 
and success came at once. Scholarships at the older universities 
were offered for science, and Manchester secured a very large 
number. In 1879, no fewer than thirteen of these coveted dis¬ 
tinctions were won by Manchester boys, probably a record for the 
science side of any school. There was no extra preparation for 
scholarship boys, either in physics or in chemistry. Both Jones and 
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John Angel, the physics master, believed in letting boys teach 
themselves and each other, and, beyond the formal lectures and a 
little instruction in the chemical laboratory, the masters left the 
boys to work out their own salvation. To a modern schoolmaster, 
the liberty allowed to the Science Sixth would seem incredible. 
Many an afternoon would be spent in the Manchester Free Library, 
or in the ever-delightful quietude of the fifteenth-century library 
of the Chetham Hospital near by. 

Besides Jones’s personality, what affected us boys most was 
seeing him always at work on research. Many of those who have 
since given their lives to original investigation, owe most of the 
impetus which has driven them on, to the work on boron hydride 
which they watched in progress. The complete destruction of a 
large charcoal stove in which boron trioxide was being heated 
with magnesium, and the carrying off of R. L. Taylor, Jones’s 
collaborator, to the infirmary, were incidents which made an impres¬ 
sion never to be effaced on those of us who saw it. 

In the new laboratory at the top of the main block of buildings, 
Jones had at last a place worthy of himself. His special pride 
was a very large and well-ventilated draught cupboard. In this the 
writer attempted, in its first week, the isolation of the still unknown 
oxide of bromine. About 15 c.c. of liquid monoxide of chlorine 
were mixed with a quantity of dried silver bromide, and not only 
was all the frame work and glass shattered to pieces, but the 3-inch 
slate bed was broken. All Jones said, when he contemplated the 
wreckage, was : <£ Well, it was what it was made for.” 

He died, at the age of 80, on October 22nd, 1925. His memory 
will always be cherished by his old pupils, who were also his friends. 
No schoolmaster had an influence like his on the making of a 
chemist. H. B. B. 


EDMUND KNECHT. 

Born January 29th, 1861 ; Died December 8th, 1925. 

Edmund Knecht was bom in Liverpool. His father, Gustav 
Knecht, B.Sc. (London), was a man of exceptional gifts as a school¬ 
master, and his mother a Lancashire woman of singular charm. 
When Edmund was ten years old, the family settled in Southport, 
where his father conducted a school with much success for several 
years. From here the family, consisting now of three daughters 
and two sons, moved to the neighbourhood of Zurich, where a 
residential school was started on a largish estate. But the responsi¬ 
bilities and worries attendant thereon were too heavy and the 
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Knechts finally moved into Zurich itself. Edmund by this time 
was of an age to enter the University. He had natural leanings 
towards engineering, in fact his manipulative and mechanical skill 
was very marked. It was, however, his quick perception and 
interest in chemistry which attracted the notice of Victor Meyer, 
then Professor at Zurich University, and he induced Knecht to 
take up the study of this branch of science. At the age of twenty- 
one Knecht secured his Ph.D., his thesis being concerned with the 
homologues of resorcinol, and ultimately he became assistant to 
Victor Meyer. At this time Knecht saw a good deal of Sandmeyer, 
and the two remained all their lives the closest of friends. 

Knecht soon after (1883) was offered the post of Head of the 
Chemistry and Dyeing Department of the Bradford Technical 
School which he occupied until, in 1890, there came a call to the 
Manchester College of Technology, in which institution he was 
actively engaged for the remainder of his life, as Professor of 
Tinctorial and Technological Chemistry, or as Associate Professor 
of Applied Chemistry of the University of Manchester. During a 
considerable portion of these thirty-five years Knecht was hard at 
work most days, including three evenings a week as well as Saturday 
afternoons. His influence on the students was remarkable both 
in the laboratories and in the lecture room. Pew men of his time 
had so great a gift of inspiring their students with enthusiasm for 
their subject. Not only at home, but throughout the world, 
there must be thousands who have had the benefit of his tuition 
and his influence, and who regarded him with the utmost esteem 
both as a teacher and for his genial human qualities. His 
interest in his students did not stop with the conclusion of their 
academic career. He was wonderfully successful in finding them 
suitable posts, keeping track of them afterwards, and main¬ 
taining an interest in their future. Many are the chemists who 
would not hesitate to ascribe largely to Knecht’s influence whatever 
success they have attained. 

When the Society of Dyers and Colourists was formed in 1884, 
Knecht was appointed Editor of the Journal (1884—1893), which 
position he afterwards shared first with C. Rawson (1893—1899) 
and later with Professor W. M. Gardner (1899—1925). A large 
number of members assembled last year to commemorate the 
fortieth year of Professor Knecht’s editorship and to make a hand¬ 
some presentation to him subscribed to by his admirers, resident 
in all parts of the world. 

The editing of the monthly journal just referred to claimed 
Knecht’s close attention, but despite this he published in 1889 in 
conjunction with Benedict, “ Chemistry of Coal Tar Colours,’ 9 then 
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in conjunction with Christopher Rawson and Dr. R. Lowenthal 
that very widely-known text-book, “ A Manual of Dyeing,” unique 
of its kind; another treatise, “The Principles and Practice of 
Textile Printing,” was published in conjunction with J. B. 
Fothergill. Yet another publication is entitled, “ New Reduction 
Methods in Volumetric Analysis,” by himself and Eva Hibbert. 
Many of the new analytical methods described in this volume have 
been widely adopted in chemical works at home and abroad. 
The methods are specially applicable to the rapid volumetric 
estimation of a great variety of substances including iron, sugar, 
and many dyestuffs. Two editions of all these books have been 
printed. Rnecht was a contributor of many articles to the 
“ Encyclopaedia Britannica ” as well as to Thorpe’s “ Dictionary 
of Chemistry.” 

Knecht’s original research work is recorded in some 120 papers 
in the Journals of the Society of Dyers and Colourists, the 
Chemical Society, and the Society of Chemical Industry, the 
Berichte , and elsewhere. An enumeration of the titles of all of 
them appeared in the first-mentioned journal in June, 1925, and 
February, 1926. Bis contributions to our knowledge of chemistry 
range over an extraordinarily wide field. Many are closely con¬ 
nected with industrial, others again with pure chemistry. The 
major part of his researches was in relation to the chemistry of 
dyes, to the theory of dyeing, and to the application and manu¬ 
facture of dyes. But as a glance at the titles of his many papers 
will show, he gave particularly close attention to all matters con¬ 
nected with the chemical and physical properties of textile fibres, 
especially cellulose and its derivatives, and he published interesting 
researches on the constitution of soot, and French and American 
rosin. 

Knecht’s system of volumetric analysis by the use of titanous 
salts, originally only intended to be applicable to the estimation of 
organic dyestuffs, has been so widely extended as to cover analysis 
of a great variety of other organic, as well as inorganic, substances. 
The extraordinarily wide applicability of these methods of volumetric 
analysis are regarded by some as being of such great importance as 
even to overshadow his brilliant work on dyeing and the chemistry 
of cellulose. 

Knecht’s memory was prodigious and, having read widely, he 
kept himself well up to date in all that touched upon the chemistry 
of dyes and of dyeing and of textiles. In these domains he was a 
perfect walking encyclopaedia and could refer one, with unfailing 
trustworthiness, to almost any source of information upon which 
one desired enlightenment. 
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Knecht’s modesty was. characteristic of so many truly great 
men; his heart was absolutely in his work, with little or no thought 
of personal advancement or financial benefit to himself. 

The circle of his friends and admirers was a very wide one, 
although he was not much given to indiscriminate social activities. 
Probably he felt these might interfere too much with his always 
strenuous work. 

As years advanced, Knecht’s zeal and enthusiasm for his research 
work seemed to grow keener and more intense. This was true up 
to within a few weeks of his death. He then underwent two serious 
operations. From the effects of these he had not quite recovered 
when in December, after two months spent in Switzerland, he 
returned home in very trying weather conditions, as a result of 
which he quickly succumbed to an attack of bronchitis and, his 
heart being unable to withstand the further strain, he breathed his 
last at Marple in the county of Cheshire, where he had made his 
home for so many years. 

I can say without hesitation that I have rarely come across a 
man who so well deserved the esteem and affection and gratitude 
of a great body of chemists. A host of them owe to Edmund 
Knecht that sound basis of scientific thought and enthusiasm for 
their subject without which so little can be accomplished that is 
truly worth while in the domain of chemistry. He did his best in 
his own special sphere of activities and none will deny that his best 
was very good. Adered R&e. 


WILLIAM ROBERT LANG. 

Born 1870; Died November 20th, 1925. 

The late William Robert Lang was a graduate of the University 
of Glasgow (B.Sc. 1890, D.Sc. 1899) and resigned the lectureship 
in Organic Chemistry there to become Professor of Chemistry in 
the University of Toronto. He was a Fellow of the Chemical 
Society (1897) and a member of the Institute of Chemistry and was 
elected Fellow of the Royal Society of Canada in 1911. 

One of Dr, Lang’s first activities in Canada was the promotion 
of a Canadian Section of the Society of Chemical Industry, of which 
he was the first Chairman. His scientific interests lay chiefly in 
the application of chemistry to industrial problems, and his mono¬ 
graph on the chemical industries of the Dominion (Trans. Can . 
Inst., 1905) formed the basis of the ec Directory ” published by the 
Canadian Government in 1921. Many other papers in the chemical 
journals bear his name, or the names of his students. 
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From 1889 until the day of his death. Dr. Lang was actively 
connected with the forces of the King. In Glasgow, his birthplace 
(1870), he served with the Lanarkshire Royal Engineers (Volunteers); 
the year of his arrival in Canada he was gazetted to the Second Field 
Company Canadian Engineers, which he commanded as Major 
(1902) and Lieutenant-Colonel (1912); at the coronation of King 
George V in 1911 he commanded the Canadian Infantry there 
present. On the outbreak of war in 1914 he was appointed to the 
Canadian General Staff, assumed the duties of Officer in Charge 
of military instruction for Military District No. 2, and became O.C. 
the University of Toronto contingent of the C.O.T.C. In 1917 
he was gazetted Colonel, and in the following year was G.S.O. (1) 
Coast Defence in the Maritime Provinces at Halifax N.S. 

At the close of the war, Colonel Lang resumed command of the 
reorganized C.O.T.C. contingent, and resigned the professorship of 
Chemistry to direct the Department of Military Studies newly 
established in the University of Toronto; to the excellence of his 
work in this capacity high tribute was paid by Major-General 
MacBrien, Chief of Staff of the Canadian Militia, and a very keen 
critic, when at last year’s inspection he said : “ This is the largest 
G.T.C. inspection I have ever seen—and also the best.” 

Dr. Lang died very suddenly on November 20th last; the 
military funeral was preceded by a service at the University. 

W. Lash Miller. 


FRANK GEORGE POPE. 

Born November 13th, 1867; Died October 29th, 1925. 

Frank George Pore was bom on November 13th, 1867, the son of 
George Campion Pope and Teresa Pope. He received his early 
education at Haberdashers 9 School and afterwards proceeded to 
Finsbury Technical College with the intention of becoming an 
engineer. This intention was not realised, as he went to the 
Peoples’ Palace Technical Schools as a demonstrator in the Chemical 
Department. At that time, East London College had not been 
thought of, and it was necessary to deal, not with matriculated 
students working for a degree, but with boys of 12 to 15 years 
of age belonging to a large day school and to spend four nights a 
week on evening classes, principally attended by junior works 
chemists and elementary teachers. Luckily, no classes were held 
on Saturdays. 

When I first met Pope one evening in February, 1894, he was 
running a practical class of the stamp usual in those days and 
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trying to do some research in the store-room, as he had no private 
bench of his own at which he could work. The next month we 
joined forces and started a firm friendship which only ceased with 
his lamented death last October. Had it not been for his help, 
kindness, and extreme loyalty, my earlier days at the People’s 
Palace would have been very different. Pope could manage boys; 
not being used to them, I could not. His methods were summary 
but just, and many an old boy must remember the penalties exacted 
for not taking down notes properly during lecture. Whilst boys 
had to work hard and keep the peace when in class, once the week’s 
work was done, Pope would play cricket with them on Saturdays 
and for years attended the annual camp of Day School boys on the 
South Coast. 

Pope very soon joined in some work that was interesting me; 
this was kept going at odd times between classes and, on Saturdays, 
we often met about 2 p.m. and went on until 10. Our earliest joint 
publications were concerned with fluorones, the “ abnormal 
hydrates ” formed by hydroxyazo-compounds and one or two new 
hydrazines. The fluorones especially interested Pope and he 
returned to their study in later years, his work (partly with H. H. 
Howard) and that of Kehrmann clearing up many doubtful points. 

In the later ’nineties, the nucleus of East London Technical 
College was formed with a number of day boys who had finished 
their three or four years’ course and could be put on to more 
advanced work; in this way, a supply of research assistants was at 
last assured. Meanwhile, Principal Hatton was striving for the 
establishment of an East London College. Such a college has now 
been a school of the University of London for some years past. 

A good knowledge of organic chemistry and great interest in 
the subject, together with a genial disposition, made Pope an 
excellent teacher. After an advanced organic lecture, he would 
come with the class into the laboratory, walk to a blackboard, 
start asking questions, expound views, and make the students 
show what they did or did not know. 

From 1915, until the chair of chemistry was filled by the appoint¬ 
ment of Professor Partington, Pope acted as head of the Chemical 
Department, and the College authorities* made him an Assistant- 
Professor. He had been a Header in the University for some years. 
The burden during the war was considerable and the subsequent 
work heavy, as East London College, like other institutions, suffered 
from a surfeit of students. 

During a well-earned holiday in 1922, peritonitis supervened 
on food poisoning and after an operation in Switzerland it was some 
months before Pope returned to England. For a time, he con- 
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tinued his work at East London College, but it was evident that 
his health was broken and he had to retire in 1923. His old students 
and colleagues made him a presentation at the Old Students’ 
Association dinner in January, 1925. This was the last College 
function he attended. After further months of illness, he died on 
October 29th, 1925. 

Pope was beloved by his pupils and colleagues. Students who 
shirked or exhibited too much conceit had reason to regret their 
faults, but anyone who desired aid found in him a ready helper. 
Like many other chemists, he enjoyed out-door life and it was a 
delight to sit with him on a Surrey hill, not bothering about the 
time of lunch or the return train to London. 

He married Adelaide, daughter of Harold Eield Downer. She 
and a married daughter survive him to mourn his loss. His old 
students and former colleagues remember a very unselfish friend to 
whom they owed many a debt for uniform kindness and consider¬ 
ation. No one realises this more fully, or holds his memory in 
deeper affection, than the present writer. 

J. T. Hewitt. 


CHARLES ETTY POTTER. 

Born January 5th, 1880: Died September 13th, 1925. 

Charles Etty Potter was born on January 5th, 1880, at Melsonby, 
near Darlington, at which place his father was headmaster of the 
Wesleyan school. An early aptitude for school work enabled him 
to gain a Flounder’s scholarship with which he entered the North 
Eastern County School at Barnard Castle, and a successful school 
career was terminated by the winning of a North Riding scholarship 
tenable at the Yorkshire College. In his studies at Leeds, Potter’s 
attention was directed to the physical sciences, and after graduating 
as B.Sc. of Victoria University in 1900, he pursued a post-graduate 
course in applied chemistry under Professor H. R. Procter in the 
leather industries department. In the development of various 
social activities at the Yorkshire College, Potter took a very active 
part, and the students’ scientific, debating, and other societies 
were indebted in no small measure to his energy, enthusiasm, and 
determination. 

On leaving the Yorkshire College in 1901, Potter accepted a 
post on the research staff of the Wellcome chemical research 
laboratories, where, for some years, in collaboration with Dr. 
F. B. Power and Dr. H. A. D. Jowett, he was engaged in the 
investigation of problems connected for the most part with complex 
organic compounds. Three papers published in the Journal of 
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the Chemical Society conjointly with H. A. D. Jowett, namely: 

“ Preparation and Properties of 1 : 4(or 1 : 5)-Dimethylglyoxaline 
and 1 :3-Dimethylpyrazole ” (J., 1903, 83, 464), “ The Consti¬ 
tution of Chrysophanic Acid and of Emodin” (i ibid ., p. 1327), 
“The Constitution of Barbaloin 55 (J. 3 1905, 87, 878), indicate 
the nature of the work on which he was engaged. The Pharma¬ 
ceutical Journal affords a record of other work with which Potter 
was associated during this period. 

In January, 1906, Potter was transferred to a position in the 
analytical department at the Dartford works of Messrs. Burroughs 
Wellcome and Co., but towards the end of the same year he 
decided to take up teaching work. For a short time he was engaged 
at the Abergele Council school, but his chief teaching work was 
done at the Heckmondwike Secondary school where for 10 years 
he was engaged in teaching chemistry, physics, and mathematics 
and was responsible for the organisation of courses of instruction 
in physical science adapted to the requirements of a scheme of 
home training for girl pupils. For the greater part of this period 
he was also in charge of evening chemistry classes at the Batley 
Technical College. Early in 1916, he obtained an appointment 
as research chemist with Messrs. Levinstein, Ltd., at Blackley, 
Manchester, which position he retained after the amalgamation 
of Messrs. Levinstein with British Dyes, Ltd., and at the time of 
his death he was in the service of the British Dyestuffs Corporation, 
Ltd. As a member of the staff of the technical research department 
in this concern Potter was not only associated with the laboratory 
research work on colouring matters, but with problems incidental 
to large-scale production; he also held a position of considerable 
responsibility in connexion with the engagement and welfare of 
chemical assistants in the technical departments. He took a keen 
interest in the activities of the Manchester sections of the Society 
of Chemical Industry and the Institute of Chemistry, and served 
on the Committee of the latter for a period of three years. 

Many of his Yorkshire friends had an opportunity of meeting him 
at the annual meeting of the Society of Chemical Industry at Leeds 
in July, 1925. Those who took part in the excursion to Huddersfield 
were particularly impressed by the lively and ill um inating manner 
in which Potter explained certain of the processes carried on in 
the works of the British Dyestuffs Corporation. Towards the end 
of the same month he became seriously ill as the result of an insect 
bite on the scalp, and, in spite of every attention, died in the 
Manchester Royal Infirmary on the 13th September, and was 
buried in the grounds of St. Margaret's church at Prestwich on 
September 16th. He left a widow and three sons of school age. 
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For information relating to Potter in the period subsequent to 
his University studies, the writer is much indebted to Mr. F. H. 
Lees, the Head of the analytical department of Messrs. Burroughs 
Wellcome and Co. Potter is described by him as an enthusiastic 
worker, exhibiting unusual initiative and resourcefulness in over¬ 
coming the difficulties inseparable from original research. His 
cheerful disposition never deserted him under the most trying 
conditions and his relations with his colleagues were of the most 
cordial kind. He always strove to uphold the traditions of his 
Alma Mater and often became eloquent in insisting upon how 
much he was indebted to his chemical teachers at Leeds. The 
characteristics portrayed in this description would appear to have 
been retained in undiminished measure in the later period of his 
life, and his fellow chemists deplore the loss of a colleague whose 
integrity and .sincerity were universally acclaimed. 

H. M. Dawson. 


ROBERT LLEWELLYN TAYLOR. 

Born November 21st, 1851 ; Died November 8th, 1925. 

One of the pioneers of the teaching of science in this country and 
a man of high scientific attainments, R. L. Taylor passed away 
at his home in Whalley Range, Manchester, after a sudden heart 
attack. He will be sadly missed by many friends and associates, 
who welcomed a meeting with Taylor as one of their real 
pleasures. Always enthusiastic in the pursuit of chemical know¬ 
ledge, of a cheery and kindly disposition, he carried a warm atmo¬ 
sphere about with him. 

Taylor was bora at Sabden in the Pendle Hill district and as a 
boy he attended the village school there. At fourteen years of 
age, he was employed at the print works at Sabden, of which his 
father was the manager. His parents originally intended that he 
should learn the business of a calico printer and during four years 
he spent the daytime in this way. In the evenings he studied the 
science of chemistry and fitted up a disused room in the works as 
a chemical laboratory. The course which he followed was no easy 
one, for he had no teacher, but it was at the same time a fine 
training ground, because it enabled him to understand the diffi¬ 
culties of others when in later years he became a teacher* After 
his four years’ work at Sabden, he was appointed lecturer’s assistant 
to Dr. A. W. Williamson, Professor of Chemistry at University 
College, London. Here Taylor made the most of the fine oppor¬ 
tunity which presented itself of acquiring skill in experimental and 
research work. In 1872 he was appointed assistant master in the 
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chemical laboratory of the Manchester Grammar School and in this 
position his teaching ability soon made itself manifest. Taylor 
was associated with Mr. Francis Jones at the Grammar School in 
the discovery and investigation of boron hydride and the work was 
published in the Journal of the Chemical Society. In 1878, Taylor 
became teacher of chemistry and physics under the School Board 
and later he became organising master and inspector of science 
classes to the Manchester Education Committee. The work from 
1880 to the date of his retirement under the superannuation act 
in 1919 involved both day and evening class duties. In spite of 
this, he managed to find time for many original investigations and 
his pupils could realise that they were receiving not merely book 
lore, but first-hand knowledge from one who worked for the love 
of science. His research was not made easy by the possession 
of a well-equipped chemical laboratory and he was always grateful 
for the encouragement of friends and for the assistance afforded by 
the loan of some simple piece of apparatus. The records of some 
of his work appear in the Transactions of the Chemical Society, in 
the Journal of the Society of Dyers and Colourists, and in the 
Memoirs of the Manchester Literary and Philosophical Society. 
They embrace a very exhaustive study of bleaching powder and 
its action in bleaching, the action of bleaching powder on various 
natural colouring matters, the effect of light on solutions of bleach¬ 
ing powder, a comparison of the bleaching action of hypochlorous 
acid and chlorine, and a method for the determination of chloric 
acid and chlorates. In 1911 he was awarded the research medal 
of the Worshipful Company of Dyers. In earlier years, Taylor 
introduced a method for the separation of cobalt and nickel and 
carried out work on a higher oxide of cobalt and on white ferrous 
ferrocyanide. His chemical text-books are widely known and 
include “ Analytical Tables for Chemical Students,” “ Chemistry 
for Beginners,” efi The Student’s Chemistry,” and “Chemistry for 
Evening Continuation Schools.” In 1922 Taylor issued and edited 
a small book, entitled “ Bleaching Powder and its Action in 
Bleaching,” embodying his original memoirs on the subject of 
bleaching powder. 

Many distinguished scholars owe their first inspiration to the 
teaching and guidance of Taylor. In addition to his scientific 
attainments, he was able in his leisure hours to provide enter¬ 
tainment for old and young by his lectures and demonstrations 
such as those on soap bubbles and methods of obtaining a light. 
With a lively party of boys he would explore the wonders of Castle- 
ton, the beauties of Ingleton, and the mysteries of Whalley. His 
interest in the subject of sound extended still further his love of 
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music and he conducted an orchestra in the Central High School 
in Manchester. 

There is a vacant place in the Manchester Literary and Philo¬ 
sophical Society, of which he was a member of the Council. He 
was a member of the Chemical Society from January 1874 until 
the date of his death. [The late] Edmtjnd Knecht. 


SIR EDWARD THORPE. 

Born December 8th, 1845; Died February 23rd, 1925. • 

In the death of Sir Edward Thorpe, which took place at Whin- 
field, his residence at Salcombe, South Devon, on February 23rd, 
1925, in his eightieth year, the Chemical Society lost a former 
President, whose membership extended over 54 years, and who 
during this period served the Society as Member of Council, Vice- 
President, and Treasurer for ten years, from 1899—1909. The 
record of Sir Edward Thorpe’s activities and achievements in 
chemistry is a full and varied one. Successively he filled with 
distinction and success the Chair of Chemistry in three institutions. 
He was appointed to the Andersonian College, Glasgow, in 1870, 
having as forerunners Birkbeck, Gregory, and Graham, “ an 
honourable and distinguished ancestry,” of which he was justly 
proud. Then in 1874 Thorpe was appointed Professor of Chemistry 
in the newly-founded College at Leeds, the Yorkshire College of 
Science, as it was at first styled, the second of those provincial 
colleges which owed, in no small measure, their formation to the 
stimulus which the success of Owens College, Manchester, had 
given to the movement for the provision of university education 
in the provinces. This appointment must have appealed especially 
to Thorpe, himself a first and one of the best products of the 
provincial university college, affording, as it did, opportunities of 
putting into practice the system of educative work of which he 
had had experience in the years spent at Owens College. At that 
time (1873) Owens College had just emerged from its temporary 
housing to occupy the first block of buildings on the present site 
of the University of Manchester. Thorpe was fortunate in having 
as colleagues men so distinguished as Green, Miall, and Rucker, 
with whom he laid the foundation and traditions of an institution 
from which the University of Leeds has grown. When in 1885 
Thorpe resigned the post at Leeds to become the successor of Sir 
Edward Frankland at the Royal College of Science in London’, he 
had the satisfaction of seeing the Yorkshire College housed in new 
and appropriate buildings, with well-designed and equipped chemical 
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laboratories and lecture theatres. In the year 1894 he was appointed 
the Director of the Government Laboratories and was responsible 
for their design and equipment. Shortly before his retirement, 
in 1909, he accepted the invitation to resume the Professorship of 
General Chemistry at the Imperial College of Science and Tech¬ 
nology, which had been formed by the amalgamation of the Royal 
College of Science and the City and Guilds Institute at South 
Kensington. This position he finally resigned in 1912. 

The discharge of the duties of these various positions, and the 
demands made on his time and energy in the building up of a new 
college at Leeds, did not prevent Thorpe from maintaining a steady 
output of scientific investigations and research. Furthermore, 
throughout his life, he maintained a literary activity; the volume 
of collected essays on Historical Chemistry, the memorial lectures 
on Kopp, Victor Meyer, Cleve, and Thomson, as also the articles 
on scientific worthies contributed to Nature , constitute examples 
of the highly valuable additions made to chemical literature and 
afford illustrations of the clearness in style and the extensive 
knowledge which characterised his writings. Thorpe’s interest in 
the history of chemistry is shown by the selection of subjects for 
addresses. At the Leeds Meeting of the British Association in 
1890, Priestley, Cavendish, Lavoisier, and La Revolution Chimique 
formed the subject of the address delivered to Section B (Chemistry) 
on that occasion; and again, ten years later, he selected for the 
Presidential Address to this society “ The Progress of Chemistry 
in Great Britain and Ireland during the Nineteenth Century.” 
Further, among other valued contributions to chemical literature 
are the biographies of Priestley, Davy, and of his teacher, Roscoe. 

In more prosaic fields, mention should be made of his text-book 
of Inorganic Chemistry, published in two volumes, the text-books 
of quantitative and qualitative analysis, and of the monumental 
work, cs The Dictionary of Applied Chemistry/’ the preparation of 
a new and enlarged edition of which occupied him to within a 
few weeks of his death. 

Thomas Edward Thorpe, the son of George Thorpe, a Manchester 
merchant engaged in the cotton trade, was born on December 8th, 
1845, at Barnes Green, Harpurhey, near Manchester. His early 
education he received at the Manchester Diocesan School (Hulme 
Grammar School), and in 1863 he entered Owens College as a 
student in the Chemical Department under Professor Roscoe. 
Here he remained for four years, acting for the greater part of this 
period as private assistant to Roscoe, taking an active part in the 
photochemical researches, the investigation of perchlorates, and in 
the classical work' on vanadium, which ultimately resulted in 
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assigning to tins element its true position in the classification of the 
elements. In the obituary notice of Sir Henry Roscoe, Thorpe has 
given an account of much of the work of this period, and in con¬ 
nection with the vanadium investigation he wrote : “ It was the 
writer’s privilege to assist in the early stages of this investigation, 
and it fell to his duty to carry out the various experiments which 
eventually served to establish the composition of the oxides of 
vanadium, the true nature of its volatile chlorides, the existence 
of hitherto unknown oxychlorides, and of the mononitride which 
Berzelius regarded as the metal, and lastly to fix its real atomic 
weight and to show that it was apparently 16 units below that 
assumed by Berzelius on the mistaken supposition that vanadium 
compounds were analogous in composition to those of chromium.” 

In connexion with the photochemical researches, Thorpe journeyed 
in 1866 to Para on the Amazon, and in the autumn of 1867 he 
made a long series of observations under a cloudless sky at Moita, 
near Lisbon, concerned with the relation between the sun’s altitude 
and the chemical intensity of daylight. It was on the return 
journey from Para that he made a series of determinations of the 
carbon dioxide present in the air over the ocean, and succeeded in 
establishing a constancy in the daily and nightly proportion of 
3 volumes of carbon dioxide per 10,000 volumes of air, thus 
confuting the conclusions drawn by Lewy, who maintained that 
the proportion of carbon dioxide in the air over the ocean exhibited 
a diurnal and nocturnal variation. In recognition of this work 
Thorpe was awarded the Dalton Scholarship in Chemistry. 

Mr. J. Kentish Wright of Nottingham, a fellow student and 
life-long friend of Thorpe, has furnished the writer with the following 
recollections : 

“ I first came into intimate association with Thorpe (then 
universally known as Tom Thorpe) in the year 1865 when we were 
both students at Owens College, Manchester, and were elected joint 
Secretaries of the Students’ Union. Previous to this I had only 
known him slightly, as he was entirely a c science ’ student, and I 
was entirely an arts student; as far as I remember, we never 
attended the same lectures but were constantly meeting on union 
matters; we soon found we had many tastes and interests in common. 
He was widely read in modern literature and had a very keen 
appreciation of Dickens and Thackeray, and we had many talks 
as to our favourite novels. His distinguishing characteristic was 
his extraordinary vitality and energy, which he put into whatever 
he was occupied with, and which enabled him to excel in whatever 
he undertook. Of his eminence in science I was then and am 
now unable to judge, but the distinction he attained is sufficient 
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evidence of this. He was, moreover, a skilful writer of popular 
sketches and verses, which appeared in the Students’ Magazine, 
and was the author of a very interesting account of the rubber 
gatherers of South America. 

“ He had a very strong sense of humour and love of fun, was an 
excellent story-teller, and could enjoy a joke against himself. 

“ He was an ardent sportsman and lover of athletics, and took a 
very active part in originating the boat races, which were rowed 
on the Irwell between the Science and Arts students. These were 
started in 1864 and continued for many years. He coxed and 
coached the Science boat, and on one occasion, although of small 
stature, he rowed bow in that boat. 

“ He was also a keen cricketer and a useful bat, playing regularly 
for the college eleven. 

“About this time he introduced me to the young lady (Miss 
Emma Watts, daughter of Dr. John Watts) to whom at that early 
age he was engaged and to whom he was devoted the whole of his 
life. They were married in 1870, at the Manchester Cathedral, 
and I was present as one of his groomsmen. Lady Thorpe is now 
living at his beautiful home at Salcombe, South Devon. 

“ In later years his great pleasure was yachting, and he has 
written several books describing his cruises. It was soon after 
he went to Glasgow (about 1871 or 1872) that he bought a small 
cutter yacht and invited me to go with him on a cruise to the 
Hebrides. I was terribly disappointed that I could not accept, 
but subsequently I had reason to congratulate myself. Thorpe 
sailed the yacht up to Skye and anchored off the coast there— 
but the wind got up in the night—the anchors dragged and the 
boat was driven on the rocks and became a complete wreck. 
There was a small dingy and in this Thorpe and his brother-in-law, 
Harry Watts, and the two men forming the crew managed to reach 
the shore. If I had been there, in all probability the dingy would 
not have carried all and there would have been a tragedy. They 
spent the night shivering on the rocks, and in the morning found 
themselves in the most desolate part of Skye—eight miles from the 
nearest house. 

“ Although our paths diverged in after life, we kept up our 
friendship to the end of his life by correspondence and occasional 
visits. It was always an unfailing delight, when we met, to recall 
the old days and to tell over again the old stories and reminiscences. 
The last time I saw him was in the year 1921, when he stayed a 
few days with me on his road to Edinburgh for the British Associ¬ 
ation Meeting. Thorpe told me an amusing story about Lloyd 
George, whom, by the way, Thorpe much resembled in stature and 
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appearance, and for whom he was often mistaken. Lloyd George, 
when Chancellor of the Exchequer, wished to put a tax on petrol 
or other spirits used for motors, and sent for Thorpe, who was 
then Government Chemist, to obtain the proper word to comprise 
petrol, benzoline, paraffin, and anything else used for that purpose. 
Thorpe disapproved of the proposed tax, and determined not to 
help Lloyd George. He said, 4 There is no one in England knows 
more about it than I do, and I can’t find a word, and if I can’t, 
no one can. 5 Lloyd George jumped up and ran to Thorpe and seized 
him by the lapels of his coat and shook him vigorously, saying, 
4 Look here, you can help me and you’ve got to help me—you can 
help me and you’ve got to help me.’ Thorpe went away quite 
won over by Lloyd George’s fascination and powers of persuasion. 
He spent a sleepless night pondering the problem, and with the 
dawn there flashed across his mind the phrase ‘Motor Spirit/ 
which was accepted and has been in use ever since. 55 

In The Old Owensian Journal for May, 1925, appeared an appreci¬ 
ation of Sir Edward Thorpe from the pen of the late Francis Jones, 
who wrote as follows : 

“ It was my good fortune to make the acquaintance of T. E. 
Thorpe in 1866 when I returned from Bunsen’s laboratory in 
Heidelberg to become private assistant to Professor Roscoe in the 
Old Owens College in Quay Street. 

C£ The Professor told me that he had obtained from the copper 
works at Alderley Edge a large quantity of a residue containing 
about 2% of vanadium, and he wished to make an investigation 
of the properties of that rare element and its compounds. He 
asked me to work at this along with T. E. Thorpe, who had been 
a senior student of the College, and I was soon after introduced 
to him. Thus began a lasting friendship between us, and for many 
months we worked together on what was to both a most fascinating 
research. We soon found out that what Berzelius considered 
metallic vanadium was really the lowest oxide, and this involved 
the lowering of its combining weight to 51*2. It was impossible to 
work in daily association with Thorpe without being attracted by 
his unfailing cheerfulness, genial humour and intimate knowledge 
of chemistry. The results obtained in the investigation were 
communicated by Roscoe in a paper read before the Royal Society. 
Our close association ended in 1867, when Thorpe went to Bunsen’s 
laboratory, and soon after (1870) he became Professor of Chemistry 
in the Andersonian Institution in Glasgow, but we continued to 
meet from time to time and kept in touch with each other by 
correspondence. 

“ He helped me greatly in 1911 when I started a movement to 
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celebrate tlie centenary of Bunsen’s birthday by sending an 
illuminated address and wreaths to the Pro-Rector of Heidelberg 
University, Professor von Duhn, who requested Bunsen’s successor, 
Professor Theodor Curtius, to acknowledge the address and wreaths 
which were forwarded to Heidelberg in time for the celebration of 
the anniversary on March 31st, 1911. 

“ Professor Curtius wrote: c The address will be framed and 
find its place in the Bunsen Room of the Chemical Institute with 
the picture and other mementos of the Master. 9 Thanks to Thorpe’s 
help twenty-three former students of Bunsen’s added their names 
to the address; these included Henry E. Roscoe, 1852—-1855, Alex. 
Crum Brown, 1861—1862, W. Marshall Watts, 1865, Francis Jones, 
1865—1866, T. E. Thorpe, 1867—1870, C. A. Burghardt, 1870, W. 
Carleton Williams, 1871—1872, J. Grossmann, 1872—1873, Arthur 
Schuster, 1872, Arthur Smithells, 1883, and G. H. Bailey, 1884— 
1885. 

“ I last saw Thorpe when he was President of the British Associ¬ 
ation in Edinburgh, when he was unfortunately unable, owing to 
illness, to be present at most of the meetings.” 

As has been already mentioned, Thorpe obtained the Dalton 
Scholarship in Chemistry and then proceeded to Heidelberg to study 
under Bunsen. The following is an extract from a letter published 
by Sir Henry Roscoe in his Autobiography from Thorpe in which 
he describes incidents of his arrival at Heidelberg and his reception 
by Bunsen: 

c£ Well, in the autumn of ’67 I set out for Germany, fortified with 
much good advice, and bearer of sundry presents from you and 
yours to Bunsen—among them a copy of The Times containing an 
account of a ‘ horrid murder 9 (you remember the dear old man’s 
amiable weakness for c horrid murders ’), a small consignment—I 
think from Mrs. Roscoe, your mother—of potted shrimps (another 
amiable weakness), and above all some magnificent specimens of 
potassium and sodium (calculated to go straight to his heart) from 
Mather’s works at Patricroft. Sonstadt had worked out Caron’s 
process for the manufacture of magnesium, and there was what 
we then considered a great demand for the metals of the alkalis, 

c< After a leisurely journey up the Rhine—I remember seeing 
the white-coated Croats in garrison at Mayence—I found myself 
in Heidelberg and lost no time in presenting myself to Bunsen, 
armed with the copy of The Times , the potted shrimps, and the 
precious box containing the alkali metals. Although it was still 
vacation time, Bunsen had returned to work. I was ushered into 
: the little room you know so well, overlooking the Wrede Platz. The 
great man—great physically as well as intellectually—rose from 
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the table at which he was writing—I see him now—and motioned 
me to the sofa. He evidently was not unprepared for my coming— 
I suppose you must have informed him. I duly presented your 
letter of introduction and, after answering his many tender inquiries 
concerning you, moved up my heavy battalions. I received a 
momentary check, however, for owing partly to his slight deafness 
but much more to my imperfect knowledge of German, he moved 
across to the sofa the better to hear me and sat down on my hat! 
I at once brought The Times , the potted shrimps, and the alkali 
metals into action. The 4 horrid murder 5 he would read at bed¬ 
time : the potted shrimps would certainly be appreciated in the 
morning : and we prepared ourselves for the alkali metals. The 
servant was called to unpack the box, when to my consternation 
he produced a bottle—I remember it was an old pickle-bottle— 
partially filled with naphtha, at the bottom of which were a few 
tablespoonfuls of a bright shining rather mobile fluid. I had given 
the Geheimrath such a glowing account of the size of the sticks of 
the two metals that I was simply speechless with astonishment and 
felt indeed rather like an impostor. I had never realised so vividly 
before the possibility of the transmutation of metals. 4 Well,’ I 
said at last, 4 potassium and sodium were certainly put into the 
bottle before I left home, but what is there now is uncommonly 
like quicksilver.’ 4 No,’ said Bunsen, who was holding the bottle, 
4 it is not quicksilver. Feel the weight of it! ’ The fact was that 
our old friend Heywood, who had been ordered by you to pack the 
specimens at the time in separate bottles, perceiving that both 
could be got into one bottle, had, with the charitable idea of not 
encumbering me with too bulky a package, placed the two metals 
together, with the untoward result I have indicated. Chemical 
combination between solids is not of frequent occurrence, but 
that it is possible under certain circumstances has never been for¬ 
gotten by me. I had no knowledge at the time of the existence of 
the fluid alloy—nor had Bunsen—which, perhaps, is not very 
creditable to us, since it is actually mentioned by Davy. As an 
historical fact, I believe the first so-called potassium isolated by 
Davy was fluid at ordinary temperatures owing to the amount of 
soda in the electrolysed potash. 

44 1 assure you I felt a little limp at the moment—more limp, 
indeed, than my crushed hat—and, conversation flagging, he sug¬ 
gested that he should show me the place where he intended that 
I should work. It was in his own little laboratory, a oouple of 
benches away from him, and where I had as companions Victor 
Meyer and an American—Gideon Moore—a man of extraordinary 
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ability, who had the misfortune to be stone-deaf, but who taught 
himself German and spoke it fluently without having heard a sound 
of the language. 5 ’ 

Thorpe’s memorial lectures on Kopp and Victor Meyer enable 
us to gather something of the impressions made by the life and 
work at Heidelberg. His fellow students included many whose 
names are writ large in chemical literature, e.g. } Erlenmeyer, Laden- 
burg, Horstmann, Ludwig, Cohen (the mineralogist), Rose, and 
Emmerling. Thorpe was undoubtedly greatly attracted to Kopp, 
whose influence and teaching are to be seen in his own researches 
on specific volumes and other physical constants, remarkable for 
their exactitude. 

At Heidelberg he graduated as PhJD., and during this period 
he published papers dealing with (1) nontronite, to which he assigned 
the formula Fe 2 0 3 ,3Si0 2 ,5H 2 0, (2) the analysis of the ash of a 
diseased orange tree, and (3) observations on the physical properties 
of chromium oxychloride, directing attention to the identity in the 
molecular volumes of sulphuryl chloride (SO 2 CI 2 ) and chromium 
oxychloride (Cr0 2 Cl 2 ). From the latter he obtained, by the action 
of heat, the solid oxychloride of chromium-chromium chlorochrom- 
ate, Cr 3 0 6 Cl 2 . 

From Heidelberg Thorpe went to Bonn, and whilst there, worked 
with Kekule on ethylbenzoic acid, which they isolated from the 
product of the action of carbon dioxide on sodium and an ethereal 
solution of ethylbromobenzene. 

Returning to Manchester he joined, for what proved a short 
period, the teaching staff of the chemical department at Owens 
College, and in 1870 he was appointed Professor of Chemistry at 
the Andersonian College, Glasgow. Here the association with 
Young, the founder of the Scottish oil industry, led to the study 
of paraffin, and in conjunction they conducted a research on the 
action of heat and pressure on paraffin, which formed the subject 
of two papers. The authors noted but little gas to be produced, 
and from 4-5 kilograms of paraffin they obtained 4 litres of liquid 
hydrocarbons, which were separated into 2*7 litres boiling at 200— 
300°, 1 litre boiling at 100—200°, and 0*3 litre boiling below 100°. 
From this last fraction both amylene and hexylene were isolated. 

Whilst at the Andersonian College Thorpe attempted, in the 
light of his experience with vanadium oxychloride, to prepare a 
lower oxychloride of phosphorus by submitting phosphorus oxy¬ 
chloride to the action of reducing agents, but found the phosphorus 
compound to behave quite differently, yielding phosphorus tri¬ 
chloride only, and giving no indication of the formation of oxy¬ 
chlorides similar to those of vanadium. The production of phos- 
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phoryl thioehloride by the interaction of phosphorus pentasulphide 
and carbon tetrachloride was noted. The determination of the 
solubility of silver chloride in concentrated nitric acid led to the 
conclusion that this solubility is of the order of 2 parts of silver 
chloride in 100,000 parts of concentrated nitric acid. During the 
tenure of the professorship at Glasgow Thorpe published the text¬ 
books already referred to : (1) Inorganic Chemistry, in two volumes 
(Collins), (2) Quantitative Analysis (Longmans), and (3) Qualitative 
Analysis; in the production of this last M. M. Pattison Muir 
collaborated. 

The translation to Leeds took place in 1874, when Thorpe was 
appointed Professor of Chemistry in the Yorkshire College of 
Science, with A. W. Rucker in the Professorship of Experimental 
Physics (with which w r as associated Mathematics) and A. H. Green 
in the Professorship of Geology and Mining. In the biography 
of Sir Henry E. Roscoe, Thorpe gives a sketch of the history of the 
foundation of the Yorkshire College, from which may be gathered 
some idea of the conditions under which a beginning was made. 
He writes : 

“ The premises in which the College was first housed consisted of 
a disused Bankruptcy Court situated in Cookridge Street, one of 
the main thoroughfares leading out of the town. After a some¬ 
what chequered career, the building had been partially used as a 
school of cookery, with the unfortunate result that it had been 
largely consumed by a fire just prior to being taken over by the 
College authorities. Although not so spacious as Richard Cobden’s 
old house in Quay Street, Manchester, in which Owens College 
first started, the Leeds building, in some respects, was not ill-adapted 
to the purposes of the limited professoriate with which the York¬ 
shire College of Science began its operations. At all events, it 
accommodated without the slightest difficulty all the students who 
sought admission to it on its opening day. 

“ The College began its work of teaching on October 26th, 1874— 
somewhat later than the normal opening of a session—owing to 
delays in completing the necessary structural arrangements. But 
as there was no yearning anxiety on the part of anybody to learn, 
no special inconvenience or disappointment resulted. There was 
no preliminary flourish of trumpets—hardly so much as an opening 
speech. The initial ceremony was as simple as the appointments 
of the College were modest. Each of the three professors in turn 
gave an introductory lecture to an audience consisting of members 
of the Council and such of the friends of the embryo institution as 
eared to attend. Some encouraging remarks were made by the 
Chairman, and so the College was launched. But for a time the 
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students were few and their advent as far between as the visits of 
angels/' 

Unless one has had the like experience, it is not easy to realise 
what the first years of such pioneering work meant and entailed. 
However, the work evidently progressed, as in 1877 the foundation 
stone of the new College buildings was laid, and before this the 
professoriate had been extended by the appointment of Professor 
L. C. Miall to the Chair of Biology, and later the establishment of 
Chairs of Classical Literature and History, and Modern Literature 
and History, to which Professor J. Marshall, M.A., of Balliol College, 
Oxford, and Professor P. S. Pulling, B.A. (Oxon), were, respectively, 
appointed. “ This enlargement, 5 ’ Thorpe writes, “ of the educa¬ 
tional work of the College necessitated a slight but significant change 
in its designation : henceforward it became known as the Yorkshire 
College until it was raised to the rank of a university, when it took 
the name of the town in which it was situated. 55 

The eleven years spent at Leeds were marked by a steady output 
of scientific work, and this despite the many and varied demands 
upon Thorpe’s time and energy necessitated in establishing the 
new College. Amongst the researches of this period, researches 
marked by the accuracy characteristic of all Thorpe's work, are 
those concerned with the specific volumes of liquids. He was led 
to conclude from the specific volumes of phosphorus oxychloride 
and thiochloride that in these compounds phosphorus functions 
as a tervalent element, thus giving support to the formula 

d\ 

—O—Cl in preference to the formula necessitating 

a quinquevalent phosphorus. A few years later Thorpe was 
destined to provide evidence in support of the higher valency for 
phosphorus, by the discovery of the gaseous pentafluoride, as a 
product of the interaction of arsenic trifluoride and phosphorus 
pentachloride. The physical properties of this compound afforded 
a ready means of fixin g its molecular weight, which with its analysis 
showed the molecular formula to be PF 5 . 

In a lecture to this Society, Thorpe, in 1880, gave an account of 
his work “ On the relation between the molecular weights of sub¬ 
stances and their specific gravities when in the liquid state." In 
recognition of the value of these researches he was awarded the 
first Longstaff Medal in 1881. Professor Roscoe, the President, in 
making this presentation, expressed himself as follows : 

“Professor Thorpe: I consider it a special privilege that it 
falls to my lot to present to you, as one of my oldest and most 
distinguished pupils, the first Longstaff Medal awarded by the 
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Chemical Society for the best series of original investigations in 
chemistry published in England during the past three years, 
amongst which I may mention, as the most important, your dis¬ 
covery of phosphorus pentafluoride; that of the occurrence of 
heptane in Pinus Sabiniana, giving accurate determinations of its 
physical constants; and, last, the valuable contributions to Physical 
Chemistry in your researches on the relations between the molecular 
weights of substances and their specific gravities when in the 
liquid state. I trust that this^ recognition by the Chemical Society 
of your varied and successful labours will stimulate to further 
efforts, and that before long the Society may be benefited by other 
communications from your laboratory.” 

Amongst the communications from the laboratory of the York¬ 
shire College are to be found : 44 A Simple and Expeditious Method 
of Preparing Pyrogallol for Dry Plate Development”; 44 The 
Action of Zinc, Magnesium, and Iron as Deducing Agents with 
Acidulated Solutions of Ferric Sulphate ”; 44 Note on the Action 
of the Oxychloride of Sulphur on Silver Nitrate ” ; 44 Contributions 
to the History of the Mineral Waters of Yorkshire ”; and 44 On 
Dust Explosions in Collieries.” Further, the re-determination of 
the atomic weight of titanium was made by Thorpe on the eve of 
his departure from Leeds. The memorable series of lectures 
delivered by Thorpe and his colleagues, under the auspices of the 
Gilchrist Trust, was published in 1878 and edited by him with the 
title 44 Coal, its History and Uses.” 

Considerable activity in research marked the nine years (1885— 
1894) of the Professorship at the Royal College of Science, as shown 
by the papers published, conjointly with others, during that period. 
The determination of the atomic weight of silicon, with J. W. Young, 
and of gold, with A. P. Laurie, gave the values 28*3 for the former 
and 196-7 for the latter of these elements. The investigation with 
Hambly of the vapour density of hydrofluoric acid, proved the 
density gradually to diminish between the temperatures of 26° 
and 88°, and, whilst establishing the correctness of the formula 
HF, demonstrated that it exhibits association similar to that shown 
by acetic acid and nitrogen peroxide. With Hambly, Thorpe also 
prepared gaseous phosphoryl trifluoride, which is produced by 
heating cryolite and phosphorus pentoxide, and showed it to have 
the molecular formula POF 3 . With J. W. Rodger, the correspond¬ 
ing sulphur compound, PSF 3 , was prepared by the action of phos¬ 
phorus pentasulphide on lead fluoride. The investigation, made 
with A. E. H. Tutton, of the changes involved in the burning of 
phosphorus in a limited supply of air led to the recognition of 
phosphorus tetroxide, and the isolation of phosphorous oxide, the 
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true nature of which, as an easily fusible (melting at 22*5°) and 
readily volatile compound, was established. The authors succeeded 
in obtaining this substance in crystalline form and showed from 
the vapour density the molecular weight corresponded to the 
formula P 4 0 6 . A thorough and complete examination of the 
physical and chemical properties of phosphorous oxide was made, 
and with the aid of Sir Lauder Brunton its physiological properties 
were studied, from which it would appear that this compound is 
the responsible agent in the production of match-makers’ disease. 

Amongst other publications of this period to be mentioned are: 
<c The Decomposition of Carbon Disulphide by Shock ” (a lecture 
experiment); a lecture experiment to illustrate the phenomena of 
coal-dust explosions; diethylphosphorous acid (with North Barker); 
fiuosulphonic acid (with W. Kirman); and with L. M. Jones the 
thermal expansion of specific volumes of certain paraffins and 
paraffin derivatives. In 1893, the determination of the thermal 
expansion of liquids formed the subject of a paper read before the 
Chemical Society. In 1894, with J. W. Rodger, he published a 
paper on “ The Supposed Relation between the Solubility of a 
Gras and the Viscosity of its Solvent,” followed some years later by 
an account of a research on the viscosity of miscible liquids. 

In March, 1894, Thorpe forsook the academic sphere to take up 
the post of Government Chemist, returning fifteen years later 
when for three years he took over the duties of Professor of General 
Chemistry in the Imperial College of Science and Technology. It 
was after his return to South Kensington that he, with A. T. Francis, 
made a determination of the atomic weight of strontium. 

The writer is indebted to Mr. E. Grant Hooper for the following 
account of the Government laboratories and of Thorpe’s adminis¬ 
tration and other activities whilst Director. 

“ This post, to which Thorpe was appointed in 1894, was 
instituted with the stated object of combining the chemical depart¬ 
ments of the Inland Revenue and the Customs, then two separate 
Services. Both laboratories were originally founded for purely 
Revenue purposes, but whilst the Customs Laboratory staff con¬ 
tinued to be occupied solely with such work, the Inland Revenue 
Laboratory had been invested with special functions such as 
Referees under the Adulteration of Food and Drugs Acts and, in 
addition to Revenue work, had for many years acted as the chemists 
and chemical advisers of nearly all the other Government Depart¬ 
ments. Very large numbers of samples of the widest diversity 
had been annually examined for the Post Office, the India Office, 
the Admiralty, the Office of Works, and other civil establishments, 
and the c Somerset House Laboratory/ as well as advising in other 
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capacities, had settled the specifications and examined the stores 
purchased for official use with the exception of explosives, which 
were dealt with at Woolwich. The £ Inland Revenue Laboratory,’ 
as its official title was, had thus a very wide experience and its staff 
in 1894 consisted of a chief and deputy, two superintending analysts, 
five analysts (1st class), seven analysts (2nd class), and forty-five 
assistants. 

“ The Treasury decided that the Inland Revenue and Customs 
Laboratories should be united under the headship of the c Govern¬ 
ment Chemist,’ who should be paid from the Treasury Vote, although 
the staff in each case remained members of their original Depart¬ 
ments. This continued for several years, but in 1911 a separate 
establishment, known as the Government Chemists’ Department, 
was created, to which the staff was transferred except for a certain 
number of young men belonging to the now united Departments 
of ‘ Customs and Excise ’ and who were and are constantly em¬ 
ployed on the more simple revenue determinations. The chemical 
staff at Somerset House had long outgrown its accommodation, 
and the development of fiscal business, demanding increased room 
for clerical work, necessitated the removal of the laboratory. The 
Treasury therefore determined to provide space elsewhere, and 
almost immediately after his appointment Thorpe and his staff 
were called upon to design a new laboratory which it was ultimately 
decided to build just outside Clement’s Inn and closely adjacent 
to the Law Courts and the newer Bankruptcy Buildings. The new 
Laboratory, a commodious building admirably adapted for the 
very extensive chemical work, was brought into use in October, 
1897. To this building the Inland Revenue staff was transferred, 
whilst the laboratory at the Custom House was continued for the 
examination of the more simple and routine Customs or import 
samples. It is probably little realised how large a proportion of 
the huge revenue derived from alcohol (now approximately 
£153,000,000) and from tobacco (now, say, £53,000,000) is really 
controlled by scientific work. The charging is, of course, done 
locally by Customs and Excise officers, but the maintenance of 
the regulations against the use of forbidden materials and adulter¬ 
ation and the checking of exact strengths or proportions wholly 
depend upon laboratory examination, whilst the assessment of 
4 drawback,’ i.e. } the duty returned on exportation or the allowances 
for waste material destroyed or denatured, is similarly a matter of 
purely chemical and microscopical determination. Fresh develop¬ 
ments occur from time to time and a new method of determining 
the amount of dutiable ethyl alcohol in fusel oil led to Thorpe’s 
first communication to the Chemical Society on official subjects, a 
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paper entitled ‘ The So-called Hydrates of isoPropyl Alcohol’ 
(J., 1897, 71, 920), whilst reference may be made to the following 
papers connected with the everyday work of the laboratory, viz., 

* Occurrence of Paraffin in the Leaf of Tobacco ’ (J., 1901, 79, 
982); * Carbon Monoxide as a Product of Combustion by the 
Bunsen Burner 5 (J., 1903, 83, 874); c Estimation of Ethyl Alcohol 
in Essences and Medicinal Preparations ’ (J., 1903, 83, 314); and 
‘ Estimation of Methyl Alcohol in the Presence of Ethyl Alcohol’ 
(J., 1904, 85, 1). 

“Much other work either affecting the public or yielding results 
capable of other than merely official use was accomplished. For 
many years there had been a demand for duty-free alcohol which 
should be less objectionable and if possible cheaper than the duty¬ 
free alcohol known as methylated spirit. A committee was appointed, 
of which Thorpe was a member, which brought into existence what 
was known as * industrial duty-free alcohol ’ and further provided 
for the special denaturing of spirit in cases where the presence of 
methyl alcohol or of the impurities in the crude wood spirit used 
for methylation was objectionable. Industrial alcohol had only 
half the quantity of crude wood spirit used in ordinary methylated 
spirit and was free from petroleum spirit, and thus was both cheaper 
and purer, whilst the wider use of specially denatured alcohol 
afforded substantial relief to many industries and to the fine chemical 
trade. Improved alcohol tables were also produced. The official 
strength of alcohols was ‘that indicated by Sikes’ hydrometer/ 
and there was no legal authority to ascertain strength in any other 
manner. By 7 Edward VII, c. 13, s. 4, authority was given to the 
Commissioners of Customs and Excise to issue regulations for 
ascertaining the strength of spirits in terms of the ‘ proof spirit ’ 
defined by 56 George HI, c. 140. Tables were prepared showing 
the specific gravity in air at 60°/60° F. of all strengths of alcohol 
and the equivalent percentage of absolute alcohol by weight and by 
volume at 60° F. These tables, printed by the Stationery Office 
and available to the public, were only published after Thorpe’s 
retirement from the Government Laboratory. Other work of a 
similar character was connected with sugar. Tables of the specific 
gravity of solutions of cane-sugar had been published by Bell, 
Thorpe’s predecessor as chief of the Inland Revenue Laboratory, 
in Part I of his book ‘ Analysis and Adulteration of Foods,’ but on 
the imposition of the sugar duty tables of the specific gravity of 
solutions of glucose were necessary to permit of the ready charging 
of the duty on commercial glucose—such were therefore prepared 
and brought into use. 

<k The statutory position of the Inland Revenue chemists as referees 
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in the case of disputed cases under the Food and Drugs Adulter¬ 
ation Acts has been mentioned. For many years difficulties and 
disputes had arisen in connexion with mil k consequent upon the 
variation in total solids and proportion of butter fat natural to 
the commodity as drawn from different breeds of cow and under 
diverse conditions. It had always been evident that to fix a stan¬ 
dard, although it might avoid disputes, was not all gain. On the 
one hand, a workable standard must be lower than the best quality 
milk, and it was likely that good milk would be systematically 
reduced to the level of a standard which might be fixed, whilst, 
further, the existence of a standard was all in favour of the larger 
organisations and against the smaller men engaged in the trade, 
who would probably be without chemists or other skilled assistance. 
In August, 1901, the Board of Agriculture laid down standards for 
milk solids below which milk was to be deemed adulterated unless 
the contrary were proved. As Chief Agriculture Analyst under the 
Board of Agriculture, Thorpe as chief of the Government Laboratory 
occupied a similar position as referee in disputed cases arising 
under the Fertilisers and Feeding Stuffs Acts. Just as in the case 
of milk under the Adulteration of Food and Drugs Acts, standards 
were laid down for various products and methods of analysis 
prescribed as the result of collaboration with a committee of 
representative official analysts. 

“ Other work connected with the Board of Agriculture may 
be indicated by the following Government Laboratory public¬ 
ations : ‘ Effect of feeding Cotton and Sesame Cake on Butter * 
(A., 1900, i, 237); ‘ The Fat of the Egg of the Common Fowl ’ 
(A., 1902, i, 295); ‘ Taxine,’ the Poisonous Matter of Yew; 
‘Interdependence of the Physical and Chemical Criteria in the 
Analysis of Butter Fat’ (J., 1904, 85, 248); £ A Simple Thermostat 
for Use in Connexion with the Refractometric Examination of Oils 
and Fats ’ (J., 1904,85,257); 4 Analyses of Samples of Milk referred 
to the Government Laboratory in Connexion with the Sale of Food 
and Drugs Acts’ (J., 1905, 87, 206). 

“ Two subjects of general interest to the public and on which much 
work was done in the Government Laboratory were connected with 
lead in pottery glazes and arsenic in food substances and drugs. 
The Factory Department of the Home Office were, of course, con¬ 
cerned with cases of lead poisoning in industry and especially in 
connexion with the pottery trade. Regulations as to employment, 
medical examination of workers, etc., had long been in existence, 
but a systematic examination of pottery glazes showed considerable 
variation in the proportions of lead used and in the degree of 
solubility of the lead, the latter largely depending upon whether 
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the lead was used as a readily soluble compound such as white lead 
or whether a fritt was first prepared and the glaze was compounded 
with the use of such a ground lead silicate. At first the trade as a 
whole considered the use of lead imperative, and even when it was 
shown that it was possible to use a lead silicate of a comparatively 
insoluble character difficulties were alleged, notwithstanding the 
fact that it was shown that, in addition to endangering the health 
of the pottery workers, there was pottery on the market which 
was a danger to the public users because acid fruits, mint-sauce, 
etc., extracted quite notable proportions of lead from the glaze. 
Ultimately the use of leadless glazes was proved to be quite practic¬ 
able, and where lead was still employed the use of comparatively 
insoluble lead compounds was stimulated by the Home Office 
granting a relaxation of the conditions of employment in the 
pottery industry where glazes with a minimum lead-solubility 
were exclusively employed. Papers on this subject are as follows : 
‘ Lead Silicates in Relation to Pottery Manufacture ’ (J., 1901, 
79, 791; 1910, 97, 2282), and a lecture at the Royal Institution. 

“ In 1901, the world was startled by several cases of arsenical 
poisoning in Manchester and its neighbourhood which were proved 
to be due to the consumption of contaminated beer. It was 
ultimately proved that these cases were caused by the use of an 
impure, i.e., an arsenical, sulphuric acid for the conversion of 
starchy material into glucose, which in turn had been employed 
as an adjunct to malt in the brewing of beer. Extensive investig¬ 
ation showed that arsenic in small but appreciable proportions was 
widely present in beer; malt itself was found to be contaminated 
in many instances, such contamination arising from the presence 
of small quantities of arsenic in the coal and coke used for drying 
the malt on the malt-kilns. The Commissioners of Customs and 
Excise, having control over the materials used for brewing, were 
naturally involved and at once issued orders against the use of any 
material containing arsenic and against the dispatch of beer into 
consumption if it contained that substance. The Government 
Laboratory became flooded with samples from all over the United 
Kingdom, and a Royal Commission was appointed to investigate 
the subject. Lord Kelvin was Chairman and Thorpe was a member 
of the Commission. For the rapid determination of the presence 
of poisonous proportions of arsenic in beer the Reinsch test had 
been first used. Thorpe demanded of his staff a gravimetric method, 
although it was pointed out that the Marsh test afforded a ready 
means of determination and that the quantities of arsenic so far 
reported were so small that their separation by a gravimetric 
method from a liquid like beer, containing relatively large pro- 
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portions of organic matter, was likely to be difficult. Such a process 
was, however, worked out and evidence was given before the Royal 
Commission showing the actual separation of fractions of a milli¬ 
gram of arsenic from quantities such as a pint of beer, and the 
results of the examination of samples from various parts of the 
country were furnished. Meantime Local Government Chemists 
had been mainly using the Marsh test, although not without some 
trouble consequent on the difficulty at that time of obtaining for 
the hydrogen-production zinc which was itself sufficiently free both 
from arsenic, on the one hand, and, on the other, from impurities 
interfering with the regular evolution of the arseniuretted hydrogen 
where arsenic was present in the substance under examination. 
In view of these difficulties and largely under the influence of Lord 
Kelvin, an electrolytic Marsh test apparatus was devised at the 
Government Laboratory and put into use. The discovery of 
arsenic in beer led to an investigation of other materials, not merely 
brewing substances, malt and sugars, coal and coke used for drying 
malt, but other substances employed for various purposes, and 
especially drugs. The result was the revelation of the widespread 
distribution of arsenic in small proportion and the general recog¬ 
nition of the necessity of laying down standards of purity so that, 
if absolute freedom from arsenic were not attainable at a non¬ 
prohibitive cost, yet both the public and the manufacturers and 
vendors could be protected by stated maxima. In addition to the 
evidence published by the Royal Commission, reference may be 
made to the following papers on this subject: 4 Estimation of 
Arsenic in Fuel * and 4 Electrolytic Estimation of Minute Quantities 
of Arsenic, more especially in Brewing Materials 9 (J., 1903, 83, 
969, 974); 4 Note on the Application of the Electrical Method to 
the Estimation of Arsenic in Wall-papers, Fabrics, etc.” (J., 1906, 
89,408). 

“ Another subject affecting public health and especially the health 
of workpeople employed in the lucifer match industry was that 
concerned with the presence of white phosphorus in matches. 
When the use of this substance was forbidden, the detection of 
small quantities of white phosphorus in the presence of red phos¬ 
phorus or of other phosphorus compounds became a matter of 
importance. Hence the paper, 4 Note on the Detection of White 
Phosphorus in the Igniting Composition of Lucifer Matches 9 
(J., 1909, 95, 440). 

“ In 1907, the Austrian Government having lent to the British 
Royal Society certain pitchblende residues, Thorpe undertook the 
purification of the radium chloride and the re-determination of 
the atomic weight of radium. A very large number of fractional 
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recrystallisations of radium chloride were made in the Government 
Laboratory and the atomic weight 226*7 was deduced in close 
agreement with Madame Curie's number, 226*2 ( Proc . Boy. Soc. 9 
1908, 80, A , 298).” 

Thorpe took part in four eclipse expeditions, viz., that of 
December 22nd, 1870, in Sicily; of July, 1878, at La Junta, 
Colorado; of August, 28—29th, 1886, at Hog Island, Grenada, 
West Indies, and of August 16th, 1893, at Fundium, French Senegal. 
On the last two occasions observations were made on the photo- 
metric intensity of light, which formed the subject-matter of two 
papers published in conjunction with Capt. Abney (Phil. Trans., 1889, 
180, A, 368; 1896, 187, A, 423). After the eclipse expedition in 
1878 he and Sir Arthur Schuster made a series of magnetic observ¬ 
ations in America along the Fortieth Parallel, which were com¬ 
municated to the Royal Society in a paper entitled, “ A Magnetic 
Survey of the Fortieth Parallel in North America between the 
Atlantic Ocean and the Great Salt Lake, Utah ” (Proc. Boy. Soc. 9 
1879, 29, 1; 1880, 30, 132). This was followed in 1880 by a 
“ Note on the Determination of the Magnetic Inclination in the 
Azores ” (ibid., 1881, 31, 237). 

The results of an extensive magnetic survey of the British Isles 
made in collaboration with his colleague, Sir Arthur Rucker, during 
the years 1884—1888 formed the subject of the Bakerian Lecture 
delivered by Thorpe in 1889 (Phil. Trans., 1890, 181, A , 55); and 
an extension of this work, containing the records of observations 
at 205 stations throughout the British Isles, constitutes the volume 
1896, 188, A of the Philosophical Transactions. 

Thorpe was elected to the Royal Society in 1876, served on the 
Council during the years 1890—1891, 1893—1895, and 1899—1903, 
acted as Foreign Secretary during 1899—1903, and represented the 
Society on the occasion of the 200th celebration of the foundation 
of the Royal Academy of Sciences of Berlin. He delivered the 
Bakerian Lecture on two occasions, in 1889 and 1904, the results 
of his determination of the atomic weight of radium being the 
subject of the second lecture. In 1889 he was awarded a Royal 
Medal. The President of the Royal Society (Sir Gabriel Stokes), 
in making this award, spoke as follows : “ Professor Thomas Edward 
Thorpe's experimental work has secured for him a place in the first 
rank of living experimentalists. His researches, which are not con¬ 
fined to one department of chemical science, are all distinguished 
both by accuracy and originality of treatment. As examples of the 
high character of his investigations, those of the determinations of 
the atomic weights of titanium and gold may be specially cited as 
permanently setting the value of two most important chemical 
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constants; whilst his researches on fluorine compounds, including 
the discovery of thiophosphorylfluoride, a body capable of existing 
undecomposed in the state of gas, and his latest work on the vapour 
density of hydrofluoric acid, do not fall short of the highest examples 
of classical chemical investigation.” 

It was at the Edinburgh Meeting of the British Association in 
1871 that Thorpe acted as Secretary of Section B (Chemistry) and 
fifty years later he was President of the Association at its meeting 
in the same city. At the Seeds Meeting in 1890, he presided over 
the Chemistry Section. The Presidential Address at the Edinburgh 
Meeting which, owing to illness, he was unable to deliver in person, 
was devoted to a plea for an international ban on chemical warfare. 
He served on several Royal Commissions and numerous Depart¬ 
mental Committees, was an active member of the International 
Committee of Atomic Weights, contributing experimental data for 
the determination of the atomic weights of no fewer than six 
elements. In 1895 he was elected President of the Society of 
Chemical Industry. 

The record of Thorpe’s scientific investigations and achievements 
shows how abundantly he gave of himself without stint or reserve 
to the advancement of knowledge, and this with a success indicated 
in the many recognitions and honours received by him from univer¬ 
sities and learned societies both at home and abroad. In 1900 
he was made a C.B., and on retiring from the Directorship of 
the Government Laboratory was knighted. In 1912 he resigned 
the Chair of General Chemistry at the Imperial College of Science 
and Technology and went to reside at Salcombe in South Devon, 
where he had built a house, and there devoted himself to literary 
work, yachting, and gardening. Sailing remained a lasting source 
of pleasure to him, and it is characteristic of the man that he should 
use his pleasure cruises as opportunities for research, as in the case 
of the magnetic surveys, already mentioned. Further, his yachting 
experiences were made to provide the material for those literary 
excursions: “A Yachtsman’s Guide to the Dutch Waterways” 
(Standford, 1905), and “ The Seine from Havre to Paris ” (Macmillan, 
1913). The revision and enlargement of the “ Dictionary of Applied 
Chemistry ” occupied him to within a few days of the illness which, 
as already stated, terminated fatally on February 23rd, 1925. 

As to Thorpe’s influence and personality, no better testimony 
is needed than that expressed by Dr. Tutton in the obituary notice 
published in the Proceedings of the Royal Society in December, 1925 : 
“An able and incisive speaker, compelling attention (in spite 
of his stature) both by his resonant voice and his always interesting 
matter, a brilliant lecturer and experimenter, a faithful teacher 

NN 



1050 


OBITTJABY NOTICES. 


who never failed to make himself clearly understood, and an 
original investigator of keen penetration, infinite reserve, con¬ 
summate manipulative skill, scrupulous accuracy and its ever 
accompanying quality of neatness, Sir Edward Thorpe not only 
inspired those who had the good fortune to study under him, but 
impressed the honourable mark of thoroughness and trustworthiness 
on the department of British Science which he so well represented. 
The spirit of research ever emanated from him and vivified all his 
teaching, and it may be hoped, and indeed believed, that its leaven 
has quickened the spirit of a band of devoted students, striving to 
emulate his fine example and to work for the honour of British 
Science and the acquirement of true knowledge for its own sake, 
throughout the whole Empire/ 5 

In conclusion the writer wishes gratefully to acknowledge the 
kindness of Lady Thorpe and her niece (Miss Watts) in placing at 
his disposal documents relating to the life and work of Sir Edward 
Thorpe. 


P. P. B. 
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CXXXIV,— Germanium. Part II . Germanium Tetra¬ 

chloride and its Ammonia Compounds. 

By William Pugh and John Smeath Thomas. 

Germanium tetrachloride was first described by Winkler (J. pr. 
CJtem., 1886, 142, 177), who obtained it by the action of chlorine 
on heated germanium. Becently, De n nis and Hance (J. Amer. 
Chew. Soc 1922, 44, 304) have prepared the compound in much 
larger quantities by a modification of Winkler's method. The 
disadvantage of this mode of preparation is that it involves the prior 
preparation of metallic germanium, and although this can be 
accomplished fairly readily by the reduction of the dioxide with 
potassium cyanide, as described by the present authors (J., 1924, 
125, 816), it seemed desirable to investigate the possibility of pre¬ 
paring the substance from the dioxide by a simpler and more direct 
process. 

An attempt to prepare germanium tetrachloride by the well- 
known method of passing chlorine over a strongly heated mixture 
of the dioxide and carbon did not yield very satisfactory results. 
However, by the action of a mixture v of carbon monoxide and 
chlorine, or, better still, of carbonyl chloride on strongly heated 
germanium dioxide, germanium tetrachloride is very readily 
obtained. 

Ten grams of germanium dioxide were placed in a porcelain boat 
in a silica tube which was heated to dull redness. Carefully dried 
carbonyl chloride, or a mixture of carbon monoxide and chlorine 
in approximately equal proportions, was then passed through the 
tube and a rapid reaction immediately took place. The products 
of the reaction were passed to the bottom of a long tube terminating 
in a bulb, of about 15 c.c. capacity, which was immersed in a freezing 
mixture. From this tube moisture was excluded by means of a 
phosphoric oxide guard tube attached to the exit. The reaction 
was complete in 2 hours, only a very small quantity of a yellowish- 
brown residue remaining in the boat. About 10 c.c. of a greenish- 
yellow liquid had condensed in the receiver. The colour, due mainly 
to dissolved chlorine, was less pronounced when carbonyl chloride 
was used. The dissolved gases were removed from the crude liquid 
by passing a stream of dry air through it as described by Dennis and 
Hance ( loc . tit.), the containing vessel being surrounded by a freezing 
mixture. Twenty grams of a clear, colourless, and very mobile 
liquid were obtained (Found : Ge, 33-6; Cl, 66*35. Calc, for 
GeC] 4 ; Ge, 33*7; Cl, 66*3%). 

An experiment was next carried out in which germanium dioxide 
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was suspended in hot concentrated sulphuric acid through which a 
stream of hydrogen chloride was bubbled. It was hoped that the 
hydrogen chloride would react readily under these conditions with 
the dioxide and that the sulphuric acid would prevent hydrolysis 
of the resulting tetrachloride. The method did not give satisfactory 
results. No visible reaction occurred until the sulphuric acid had 
begun to fume (270°), but after the mixture had been kept at this 
temperature for several hours much of the germanium dioxide had 
disappeared and about 6 c.c. of distillate had collected in the well- 
cooled receiver. This distillate consisted of two layers, each of 
about equal volume. On re-distillation, the lower layer came over 
completely below 75°, whilst the upper layer boiled at 107—'108°, 
The first fraction was germanium tetrachloride contaminated with 
hydrogen chloride. The exact nature of the heavier layer has not 
been determined, but the point is being investigated. It appears 
to be sulphuryl chloride. 

In a subsequent experiment, 10 g. of pure germanium dioxide 
were placed in a small distilling flask with 100 c.c. of concentrated 
hydrochloric acid. The flask was connected with a small double- 
surface condenser, the delivery tube of which was drawn out to a 
long capillary tube which dipped to the bottom of a receiver similar 
to that described previously. This receiver was immersed in a 
freezing mixture. About 5 c.c. of concentrated sulphuric acid 
were placed in the receiver, and the flask was heated in a bath at 
90°. During the distillation a tendency was observed for hydrolysis 
of the product to take place as the hydrochloric acid became less 
concentrated. To obviate this, a slow stream of hydrogen chloride 
was bubbled through the liquid while the distillation was in progress. 
The dioxide dissolved fairly rapidly. As soon as solution was com¬ 
plete, the process was stopped; a stream of dry air was passed through 
the well-cooled distillate for several hours in order to remove dis¬ 
solved hydrogen chloride. The product was then distilled from the 
sulphuric acid and was collected with the usual precautions in a 
small distilling flask. After a further distillation, without the 
addition of sulphuric acid, 20*2 g. of very pure germanium tetra¬ 
chloride were obtained, b. p. 85-5° (Found: Ge, 33*7; 01, 66*3%). 
This proved to be the most convenient method of preparing ger¬ 
manium tetrachloride.* Equally good results were obtained with 
germanium dioxide which had been ignited at a bright red heat as 
with the freshly precipitated substance. 

During the distillation of germanium tetrachloride from sulphuric 

* Since this was written Tabern, Orndorff, and Dennis have described a 
somewhat similar method of preparing germanium tetrachloride (*/. Amcr , 
Ckm* Soc. t 1925, 47, 203&). 
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acid, an interesting phenomenon was observed. The two liquids do 
not mix and at the ordinary temperature the tetrachloride forms 
the lower layer. At 0°, the interface between the two liquids is 
perfectly flat. As the temperature rises, this interface becomes 
more and more convex until at 50° the lower layer resembles an egg 
with the pointed end upwards. Then, quite suddenly, the position 
of the two layers becomes reversed, the sulphuric acid being the 
denser, and the liquid interface is now concave. As the temper¬ 
ature is raised still higher, the curvature of this interface becomes 
less and less until, just below the boiling point of the tetrachloride, 
it again becomes quite flat and exhibits a very fine play of iridescent 
colour. On cooling, the liquids undergo the same changes in the 
reverse order. 

The Action of Dry Gaseous Ammonia on Germanium Tetrachloride . 

Hexamminogermanic Chloride . 

It is well known that ammonia reacts readily with stannic chloride 
(Rose, Pogg. Ann., 1832, 24, 109), with lead tetrachloride and with 
zirconium tetrachloride (Matthews, J. Amer. Chem . Soc., 1899, 20, 
815, 839, 843). In each case solid compounds are produced which, 
however, do not appear to have been fully investigated. Further 
work in this direction is now being carried out in these laboratories. 

Germanium tetrachloride also combines readily with ammonia. 
In a prelimi n ary experiment, dry ammonia was led on to the surface 
of germanium tetrachloride, cooled in a freezing mixture. A 
vigorous reaction took place, dense white fumes were formed, and 
much heat was evolved. Absorption of ammonia proceeded quietly 
after a time, and the passage of the gas was continued for several 
hours. The product was a white powder having a strong smell of 
ammonia which, however, disappeared after the substance had been 
exposed to the air for several hours (Found ; Ge, 20*7; Cl, 40*75; 
NH 3 , 24-3%. Ratio Go : Cl = 1 : 3*99; Cl: NH S » 1: 1*24). 
Analyses of other specimens prepared in the same way yielded 
similar results. In every case, the ratio Ge: Cl was the same 
within the limits of experimental error, but the ratio Cl: NH 3 varied 
considerably; further, from 14% to 20% of the material always 
remained unaccounted for. 

These analytical results may, of course, be attributed to replace¬ 
ment of ammonia in the original ammine by water molecules derived 
from the moisture in the air. In order to test this possibility, a 
further preparation was undertaken in which every precaution 
was taken to exclude moisture. The apparatus employed is 
illustrated in Fig. 1. 

The reaction vessel, A, was about 9 inches long and 1J inches in 

oo2 
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diameter. It was closed by means of a tight-fitting rubber stopper, 
through which passed two fairly wide tubes, B and 0, which served 
to admit ammonia and germanium tetrachloride, respectively. 
In order to prevent the choking of these tubes by the product of 
the reaction, they were provided with thin glass rods, attached by 
means of rubber tubing, by the movement of which they could be 
cleared as necessity arose. After the apparatus had been thoroughly 
dried, about 1 c.c. of germanium tetrachloride was distilled into D 
from the main supply and through it a slow stream of dry air was 
bubbled; at the same time, D was heated to 50° by means of a bath 
of warm water. In this way, a steady stream of tetrachloride 


Fig. 1. 



vapour was introduced into A , which was kept cold by means of a 
freezing mixture. At the same time, dry ammonia was also admitted 
to the reaction vessel, the rate of flow of the gases being so regulated 
that a slight excess of ammonia was always present. This rate had 
to be slow, otherwise much of the finely divided product was carried 
away by the stream of air and lost. The waste gases escaped by the 
exit tube, E, which was fitted with a suitable guard tube to prevent 
ingress of moisture^ 

After all the germanium tetrachloride had been driven over, the 
flow of ammonia was continued for an hour to ensure complete 
combination and any excess, together with some adsorbed ammonia, 
was then removed by passing dry air through the apparatus until 
no smell of ammonia could be detected at the exit tube*. The 
product was then transferred to a well-stoppered bottle and kept 
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over quicklime in a desiccator. It was a pure white, light, and 
extremely soft powder which proved to be GeCl 4 , 6 NH 3 (Found: 
Ge, 22-95; a, 44-9; NH 3 , 31-9. Ratio Ge: Cl = 1 : 3 - 97 ; Cl: NH 3 
= 1 :149. GeCl 4 , 6 NH 3 requires Ge, 22*8; Cl, 44*9; NH 3 , 32-3%). 

In order to obtain further information regarding the change 
which the hexammine undergoes when it is exposed to moist air, 
2 grams of the freshly prepared substance were exposed to the action 
of moist carbon dioxide-free air and the change of weight was 
observed at frequent intervals. During the first 2 days, the weight 
increased rapidly; the increase then became more gradual, until 
--after a month the weight was constant; the increase then amounted 
to 11*9% [Found: Ge, 204; a, 40*3; NH 3 , 19*8; H 2 0 (diff.), 
194%. Ratio Ge: Cl = 1:4-0; Cl: NH S = 1 : 1*03]. This 
change in composition taken in conjunction with the observed 
increase of weight corresponds to the replacement of two molecules 
of ammonia by four molecules of water (GeQ 4 ,4NH 3 ,4H 2 0 requires 
Ge, 20-3; Cl, 40*1; NH 3 , 19*8%, and an increase in weight of 
12*03%). 

According to Mendeleev (Ber., 1870, 3, 422), water, in similar 
circumstances, replaces ammonia in pentamminocupric sulphate, 
molecule for molecule; from the analytical results, however, it is 
clear that such simple replacement does not occur in this case. 
Examples of the replacement of a molecule of ammonia by two mole¬ 
cules of water do not appear to have been observed and it may be 
pointed out that in this case such a replacement would involve a 
change in the co-ordination number of germanium, unless, indeed, 
double molecules of water are concerned, as Werner suggested is 
the case in the alums. 

This replacement of ammonia by water molecules may, however, 
be explained in another way. Instead of replacement of ammonia 
according to the equation 

GeCl 4 , 6 NH 3 + 4H 2 0 = GeCl 4 ,4iTH 3 ,4H 2 0 + 2NH 3 , 
the hexammine may undergo hydrolysis thus: 

GeCl 4 , 6 NH 3 + 4H 2 0 = Ge(OH ) 4 + 4NH 4 C1 + 2NH 3 . 

In either case, the solid product would have the same composition, 
and analytical methods cannot decide, therefore, which is the 
correct explanation. The behaviour of the substance on treatment 
with water points, however, to the second explanation. The 
hexammine itself dissolves completely in water to a clear and 
colourless solution which only becomes turbid after standing for 
several hours. A compound such as GeCl 4 ,4NH 3 ,4H 2 0 might be 
expected to behave in a similar way. The actual substance does 
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not dissolve completely in water, but leaves a residue which is 
readily soluble in sodium hydroxide and does not contain chlorine, 
a behaviour which might be expected from a mixture of ammonium 
chloride and hydrated germanium dioxide. 

The Action of Ammonia on Germanium Tetrachloride Dissolved in 

Ether. 

Germanium tetrachloride (1 c.c.) was dissolved in 100 c.c. of dry 
ether contained in a flask cooled in a freezing mixture, and dry 
ammonia was bubbled through the solution. A white precipitate 
at once formed and the heat of the reaction caused the ether rapidly 
to evaporate. The current of ammonia was continued until all 
the ether had thus been removed, and the white powder remaining 
was transferred to a bottle and stored in a desiccator over quick¬ 
lime. It smelled strongly of ammonia. It was identical with the 
product obtained by the interaction of the gaseous substances 
(Pound: Ge, 23*0; Cl, 44-8; NH 3 , 31*85%). All the values are 
slightly low; this is probably accounted for by access of moisture 
during transference from one vessel to another. 

The ammonia pressure of the hexammine is very small; a specimen 
was kept over concentrated sulphuric acid for a week without 
undergoing any appreciable change in weight. The compound 
is readily soluble in water, but is slowly hydrolysed in solution 
and the liquid becomes turbid. The solution smells strongly of 
ammonia. The hexammine is insoluble in ether, alcohol, chloro¬ 
form and all the common organic solvents. When it is heated 
in dry air, the substance sublimes completely but with slight loss 
of ammonia. An analysis was made of a specimen which had 
been sublimed in a current of dry air in a specially constructed 
apparatus from which air was carefully excluded (Found : Ge, 23*2; 
Cl, 46*4; NH 3 , 30*5%). Possibly a lower ammonia compound is 
formed at very high temperatures. 

The Interaction of Germanium Tetrachloride with some Amines * 

A number of amines being available in connexion with another 
investigation, the interaction of these substances with germanium 
tetrachloride was studied. Additive compounds with mono-, di-, 
and tri-ethylamine, with propylamine, and with butylamine were 
prepared by bringing the vapours of the two substances into contact 
in the same way as in the preparation of the ammonia compounds. 
These additive compounds were also obtained by passing amine 
vapour into solutions of germanium tetrachloride in ether. In 
every case, the product was a white powder closely resembling the 
hexammine both in appearance and in properties. 
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The amine derivatives are quite stable in dry air and have little 
or no smell. They are decomposed by moist air and under these 
conditions they smell strongly of the amine. They are readily 
soluble in water, but the solutions undergo hydrolysis and become 
turbid on standing. They are insoluble in the common organic 
solvents. They contain six molecules of amine to each molecule 
of the tetrachloride [Found for the diethylamine compound: 
Ge, 11-0; 01,21*7; (C 0 H 5 ) 2 NH, 67*2. GeCl 4) 6(CoH 5 ) 2 NH requires 
Ge, 1H; 01,21*8; (0 2 H 5 ) 2 NH, 67*1%]. 

The Existence of Higher Ammonia Derivatives of Germanium Tetra¬ 
chloride . 

During the investigation of germanium tetrachloride hexammine, 
absorption of ammonia was observed to occur when this gas was 

Fig. 2. 




compressed in contact with the hexammine. In order to determine 
the nature of this change, a known weight of the solid was treated 
with ammonia under a pressure of about 3 atmospheres until no 
more of the gas was absorbed. Small, measured quantities of 
ammonia were then removed and after each such removal the 
equilibrium pressure was measured. Owing to the high pressures 
developed at higher temperatures, it was found most convenient 
to work at 0°. The apparatus employed is sketched in Fig. 2. 

The hexammine (1*3756 g.), contained in a small stoppered bottle, 
was placed in the tube A , which was then sealed in such a way as 
to prevent ingress of moisture. The tap T 1 being closed, the stopper 
of the bottle was removed by gentle shaking. After sealing A tq 
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the remainder of the apparatus, the whole was thoroughly dried by 
alternately exhausting and then filling it with air which had passed 
over phosphoric oxide. The apparatus was then washed out several 
times with dry gaseous ammonia, obtained by the evaporation of 
liquid ammonia in the Dewar vessel, E } from which superfluous 
gas escaped by means of the mercury trap, F . 

All the air being in this way removed, A was immersed in a 
thermostat kept at 0°, and the vessel B, having a capacity of 200 c.e., 
was filled with ammonia, which was then compressed into A by, 
closing T 2 and T 4 , opening T x and T z , and raising the mercury 
reservoir, <7. Under a pressure of 3 atmospheres absorption of 
ammonia took place very rapidly at first—600 c.c. were taken 
up in the first £ hour. The process then became gradually slower, 
until eventually about 1100 c.c. of ammonia had been absorbed. 
By this time the substance in A had become liquid. 

Ammonia was then removed from the reaction vessel in small 
quantities at a time, each amount being measured by means of the 
gas burette, D. All volumes were reduced to N.T.P . After each 
removal, the apparatus was allowed to stand until the pressure 
became constant. The pressure was measured by means of the 
manometer, Jf, which allowed of any pressure from 0 to 2400 mm. 
being determined. When not in use, P 2 and T z were sealed with 
mercury. All pressure measurements were made from the same 
point on the manometer, so that the volume of the apparatus was 
always the same. The amounts of ammonia and the corresponding 
equilibrium pressures are in Table I. 


Table I. 


Vol. of 
NH S 

P in 

Yol. of 

*th 3 

Pin 

Vol. of 

nh 3 

P in 

Yol. of 
NH a 

P in 

removed. 

mm. 

removed. 

mm. 

removed. 

mm. 

removed. 

mm. 

0 

1998 

152*0 

1041 

553*4 

1040 

978*1 

1040 

12*9 

1742 

188*0 

1040 

586*4 

1040 

997*4 

1040 

26*3 

1408 

225*6 

1042 

634*4 

1040 

1018*4 

814 

51*0 

1095 

259*2 

1041 

682*4 

1040 

1026*0 

720 

53*0 

1065 

299*0 

1042 

716*8 

1042 

1040*1 

522 

56*0 

1049 

340*4 

1041 

767*4 

1040 

1049*0 

425 

60*3 

1044 

379*0 

1040 

812*6 

1041 

1063*0 

295 

77-1 

1045 

422*0 

1041 

854*4 

1040 

1087*2 

95 

96*3 

1044 

459*3 

1041 

896*1 

1041 

1105*3 

0 

114*8 

1042 

496*0 

1040 

936*9 

1042 



From this table it is clear that only one higher ammonia com¬ 
pound can exist within the range of pressures examined and that 
the dissociation pressure of this compound at 0° is 1040 mm., that 
is to say, the compound cannot exist at the ordinary temperature 
and pressure. It is curious that this compound should be a liquid, 
l^hen all the e^nmnia had been removed, the volume of A was 
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determined by filling the vessel with dry air and then pumping 
off and measuring the volume of air used. The volume was 32 c.c. 
The vessel was then opened and a specimen of the solid, which had 
now acquired a porous structure, was analysed (Found : Ge, 22-9; 
01,44-8; NH 3 , 32-0. Calc, for GeCl 4 ,6NH 3 : Ge, 22*8; 01,44-9; 
NH 3 , 32-3%). This proves the end-product to be the hexammine 
and confirms the statement made in an earlier paragraph that the 
ammonia pressure of this compound is extremely small. 

From the quantities of ammonia removed, together with the 
weight of the hexammine originally taken, the formula of the higher 
ammine can be calculated. By a graphical method, it was estimated 
that the dissociation pressure of the compound was reached after 
the removal of 57*5 c.c. of ammonia and that the compound was 
completely dissociated after the removal of 1004 c.c. of the gas 
(both measured at N.T.P.). Thus, 1*3756 g. of the hexammine had 
combined with 946*5 c.c. of ammonia. Now the addition of each 
additional molecule of ammonia to the hexammine requires 96-92 c.c, 
of the gas, and hence, within the limits of experimental error, 
10 additional molecules of ammonia have been taken up and the 
higher compound thus has the formula GeCl 4 ,16NH 3 . 

The variation of the dissociation pressure of the higher compound 
was also investigated between the temperatures 0° and 16°, The 
pressures observed, which are in Table II, were found, when plotted 
against the temperature, to lie on a straight line. By extrapolating 
this curve, the dissociation pressure was found to be 760 mm, 
at — 4°. 


Table II, 


Temp.. 0° 0*4° 1-8° 4-0° 6-0 

Press, (mm.) . 1040 1055 1164 1309 1462 

Temp... 7-9° 9*9° 11*9° 13-4° 16*1° 

Press, (mm.) . 1590 1733 1889 2001 2190 


An examination of Table I shows that, in addition to the formation 
of the higher ammonia compound, adsorption of the gas also takes 
place, for neither the volume of ammonia removed in reducing the 
pressure from 1998 mm. to the equilibrium pressure nor the volume 
pumped off after the complete dissociation of the higher compound 
.is in agreement with that calculated by means of the gas laws. 
The discrepancy was far greater at low pressures, for, whilst the 
removal of 57-5 c.c. of ammonia (measured at N.T.P,) reduced the 
pressure from 1998 mm. to 1040 mm., the ammonia remaining after 
the higher compound had completely dissociated occupied 101*3 c.c. 
under the same conditions. Thus it appears that adsorption of 
ammonia occurs to a greater extent at low pressures. 

This abnormality is, however, easily explained by the fact that 

o 0* 
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GeCl 4 ,16NH 3 , being liquid, exposes a comparatively small surface, 
whereas the hexammine produced by its dissociation is rendered 
extremely porous by the escape of ammonia during the process of 
dissociation. 

The constitution of the hexammine is readily explained by means 
of Werner’s co-ordination theory if the co-ordination number of 
germanium is taken to be 6 and the whole of the chlorine is ionisable. 
It is, however, somewhat difficult to reconcile this with the electron 
theory of valency. According to Langmuir’s theory, the germanium 
atom (atomic number 32) has 2, 8, 8, 14 electrons in the various 
shells and requires 4 electrons to bring the number of electrons in 
the outer shell up to that of the inert gas immediately following* 
In the hexammine, the central atom [Ge(3SDH 3 ) 6 ] ++++ must therefore 
have an outer shell of 22 electrons. But such a compound should 
be unstable and should readily lose ammonia, as do the solid hex- 
ammines of zinc, nickel, and copper. So far from this being the 
case, germanium tetrachloride hexammine is remarkably stable 
and shows no tendency to lose ammonia when kept free from mois¬ 
ture, although, on the addition of water, ammonia is immediately 
liberated. Possibly a tetrammine complex is formed in solution, 
but the rapidity with which hydrolysis takes place makes the 
investigation of this point difficult. 

As yet no adequate explanation of the constitution of this sub¬ 
stance, and still less of that of the higher compound, can be offered, 
but the nature of these compounds and also the ammonia deriv¬ 
atives of the tetrachlorides of tin and lead are being further 
investigated. 

Summary . 

1. Various methods for the preparation of germanium tetra¬ 
chloride have been investigated. By the action of hydrogen chloride 
on germanium dioxide in concentrated hydrochloric acid, under 
suitable conditions, the compound may readily be obtained pure. 

2. The action of gaseous ammonia on germanium tetrachloride 
vapour and also on a solution of the compound in ether has been 
investigated. In each case the compound GeCl d ,6NH 3 is produced. 
Amines react in a similar manner. 

3. Hexamminogermanic chloride is a white, very light powder 
which is very stable in dry air but is hydrolysed by moist air, a 
residue of hydrated germanium dioxide and ammonium chloride 
remaining. The hexammine dissolves readily in water, but becomes 
turbid after a time owing to separation of hydrated germanium 
dioxide produced by hydrolysis of the compound. 

4. The hexammine when treated with ammonia under pressure 
Absorbs the gas readily at low temperatures. A higher compound, 
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GeCl 4 ,16NH 3 , is produced which is a liquid at 0° and has a dis¬ 
sociation pressure of 1040 mm. at 0°, 2085 mm. at 15°, and 760 mm. 
at — 4°. 

5. No evidence of any other ammonia compound was obtained. 
GeCl 4 ,16NH 3 dissociates directly to the hexammine, which is 
extremely stable, having no measurable ammonia pressure at 0°. 
At this temperature, it can be kept over concentrated sulphuric 
acid for days without losing weight. 

6. The application to these compounds of the co-ordination theory 
and of the electron theory of valency is briefly discussed. 

University or Cape Town. [Received, October 30 th, 1925.] 


CXXXV .—The Binary System Barium Iodide-Water . 

By John Packer and Albert Cherbury David Eivett. 

Having had occasion recently to seek information regarding the 
solubility of barium iodide in water at three or four temperatures, 
we found the available figures scanty and uncertain and were obliged 
to make new measurements. It seemed worth while to supplement 
these and to place on record the full binary system from the eutectic 
temperature (—33*5°) to 120°. 


Barium Iodide-Water . 




% Bal* 




% Bal 2 


Temp. 

jD^. 

in soln. 

Solid phases. 

Temp. 

DV 

in soln. 

Solid phases. 

— 1*0° 

1*060 

7*00 

Ice 

- 5*8° 

2*036 

61*45 

2BaI a ,16HiO 

— 1*7 

1*117 

12*4 

99 

0*0 

2*071 

62*5 

99 

- 3-7 

1*221 

21*35 

99 

4- 5*0 

2*105 

63*6 

99 

- 5*35 

1*281 

26*05 

99 

10*0 

2*144 

64*8 

99 

- 7*75 

1*371 

32*05 

99 

15*0 

2*176 

65*75 

99 

- 9*35 

1*423 

35*15 

99 

19*9 

2*222 

67*15 

99 

-12*35 

1*507 

39*90 

99 

25*0 

2*277 

68*8 

99 

—14*95 

1*568 

42*95 

99 

25*7 


68*9 

2BaI a ,15H a O 

-18*15 

1*634 

46*1 





and 

-22*9 

1*731 

50*4 

99 




BaI 2 ,2HoO 

-24*6 

1*764 

51*5 


26*0 

2*282 

68*9 

BaI 8 ,2H a O 

-30*2 

1*842 

54*6 

99 

Ice and 

30*0 

2*287 

69*1 

99 

-33*5 

— « 

56*0 

40*0 

2*304 

69*6 

99 




2BaI a ,15H a O 

50*0 

2*32 

70*1 

*9 




(extrapolated 

60*0 

2*331 

70*7 

99 




eutectic) 

69*5 

2*35 

71*15 

99 

-29*75 

1*905 

56*8 

2BaI fi ,15H 2 0 

87*7 

—- 

72*55 

99 

-25*4 

1*927 

57*5 

99 

98*9 

— 

73*35 

BaI a ,2H a O 

-20*0 

1*952 

58*6 

99 




and 

-15*4 

1*983 

59*65 

99 




BaI a ,H a O 

- 9*7 

2*012 

60*65 

99 jT 

110*0 


74*0 

BaI 2 ,H a O 




/ 

120*0 

— 

74*3 

99 


Commercial (B.D.H.) barium iodide, approximating in composi¬ 
tion to BaI 2 ,2H 2 0, was purified by crystallisation, and used, as the 
hydrate 2BaL>,15H 2 0. The procedure adopted in examining the 

o o*2 
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system followed the usual lines. Concentrations were determined 
by estimating iodide volumetrically against silver nitrate, with 
ferric thiocyanate as indicator : they are expressed in the table as 
weights of anhydrous salt in 100 g. of solution. In some cases, the 
values were checked by estimations of barium as sulphate. Transi¬ 
tion points were measured thermometrieally and confirmed by 
intersections of extrapolated curves. 



The mono- and di-hydrates are well known, whilst hydrates with 
six and seven molecules of water have been stated to exist. It is 
difficult to obtain a deliquescent hydrate, like the highest in this 
series, in a sufficiently pure state for analysis. Probably the surest 
procedure is to investigate it by the method depending on analysis 
of wet solids in a suitable ternary system, and this we have done in 
the system barium iodide-iodine-water, which we hope shortly to 
describe. The highest hydrate appears to be 2BaI 2 ,15H 2 0, and we 
have not found either hexa- or hepta-hydrate. 

The table and figure indicate all details of the system. 

U^iVEasirY or Melbourne. [Received, February 2nd, 1926.] 
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CXXXVI .—The Constitution of Magnesium Acetate 

Solutions . 

By Albert Cherbury David Bivett. 

The constitution of basic beryllium acetate (Urbain and Lacombe, 
Compt. rend., 1901, 133, 874; Bragg, Nature , 1923, 111, 532; 
Sidgwick, ibid., 808; Bragg and Morgan, Proc. Roy . Soc ., 1923, 
A, 104, 437) is explicable in terms of a marked tendency 
on the part of the beryllium atom to exercise a co-ordination 
number of 4 in its linkings with oxygen. The readiness with 
which this occurs may be connected with the fact that the outer 
electrons in the atoms of beryllium and oxygen are at similar energy 
levels: there may thus be a decreasing tendency towards such 
linkings with oxygen as one passes down Group II of the Periodic 
Classification through magnesium, calcium, strontium, and barium. 
In magnesium acetate one might expect to find, at any rate, an 
appreciable tendency for the formation of a compound analogous 
to the basic beryllium salt. 

In preparing hydrated magnesium acetate from magnesium 
oxide, acetic acid, and water, with a view to seek such a basic 
acetate in the ternary system oxide-acetate-water, one was struck 
by the ease with which supersaturated solutions could be formed, 
by the slow rate of their crystallisation after seeding, and by the 
very high viscosity possessed by solutions above a certain range 
of concentration. Measurements of some of the properties of 
these solutions have therefore been made, and from them it seems 
that some guidance may be obtained as to the probable condition 
of magnesium acetate in solutions of varying concentrations. 

Experimental. 

The solid salt used was prepared from magnesium oxide 
(B. D. H.), free from sulphur, and excess of acetic acid (A. B.) 
diluted about fourfold with water. The crystals formed were 
separated on a silver gauze basket in a centrifuge of 6-inch radius 
at 1800 r.p.m., and kept for some weeks in a vacuum desiccator 
over concentrated caustic soda to remove excess acetic acid. 
Analysis showed them to be Mg^HgOg^^HgO. 

All solutions were analysed by conversion of dissolved salt into 
anhydrous magnesium sulphate and weighing as such. Com¬ 
positions of solutions are given throughout the sequel in percentages 
of anhydrous salt by weight; but, in the discussion, concentrations 
are usually quoted in g.-mols. per 1000 g. of water (M w ) or g.-mols. 
per litre at 25° (M v ). 
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Table I. 


Binary System Magnesium Acetate-Water. 



% anhyd. salt. 

ikf w . 

A/itf*. 

Solid phase. 

-0-364° 

1-068 

0-0758 

4*80 

Ice. 

-0-531 

1-804 

0-1290 

(4-12) 

tt 

-1-083 

3-08 

0-2232 

4-85 

» 

-2-179 

5-92 

0-442 

4*93 

»> 

-4-687 

11-45 

0*908 

5-16 

»» 

-9-99 

19-81 

1-735 

5-76 


-15-28 

25-0 

2-345 

6-52 

» 

— 29 (extrap.) 

34*5 

3-70 

7-8 

Ice and 




MgAc 2 ,4H 2 0. 

-f- 0-1° 

36-2 

3-986 


MgAc 2 ,4H 2 0. 

+ 14-9 

37-97 

4-300 



24-9 

39-61 

4-607 



36-0 

41-78 

5-041 


it 

45-0 

44-76 

5-691 


if 

55-0 

49-46 

6-874 


r> 

68± 

66-4 

— 


(Approx, m. p. 
of hydrate.) 


Table I gives the binary system acetate-water (plotted in Fig. 1) 
so far as it has been possible to determine it. On the ice curve, 
y iG 1 solutions in the region of 30% 

Binary system magnesium acetate-water. h J w , ei g ht are 80 ™COUS that 

the phase-reaction between ice 
and solution proceeds too 
slowly for accurate measure¬ 
ments. On the salt-solution 
curve, hydrolysis sets an upper 
limit. The solid hydrate begins 
to melt at about 68°, so that 
this curve reaches a maximum 
somewhere near that temper¬ 
ature, as indicated by the 
dotted extension in Fig. 1. 
An extrapolation of ice and 
salt curves downwards points 
to a eutectic temperature 
(hydrate-ice-solution) of about 

0 20 40 60 so — 29°; but a figure so obtained 

Percentage of magnesium acetate by weight, . fl yery uncert a in . 

Table II gives the viscosities of solutions of magnesium acetate 
(and a few, for comparison, at high concentrations of magnesi um 
chloride and sodium acetate) at 25° relatively to water taken as 
unity. They have been measured in viscosimeters of the Ostwald 



pattern with, time of water-flow of about 3 minutes. Pyknometers 
|ff 5.C.C. were used for determinations of density. 
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Table II. 

Relative Viscosities at 25° (water = unity). 


% Anhyd. salt. Relative 




M v . 

D, 

viscosity; 

Mg(C 2 Ha0 2 )2 

e-io 

0-463 

0-450 

1-0345 

1-466 

13-27 

1-075 

1*002 

1-0754 

2-421 

20-14 

1-772 

1*579 

1-1160 

4-325 

24-51 

2-280 

1-966 

1-1422 

6*593 

28*80 

2-841 

2-365 

1-1692 

10-83 

32-65 

3-405 

2*742 

1-1954 

18-69 

36-01 

3*953 

3-075 

1*216 

31-78 

36-58 

4-051 

3-337 

1-221 

35-02 

38*72 

4-438 

3-355 

1-234 

53-83 

40-20 

4-721 

3-514 

1-245 

72-7 

41*14 

4-909 

3-609 

1*249 

84-2 

41-91 

5-067 

3-694 

1-255 

104-35 

42-67 

5-228 

3-777 

1-261 

125-3 

43-63 

5-436 

3-877 

1-265 

155-2 

MgCl* 

17-90 

2-289 

2-172 

1*1558 

2-379 

25-02 

3-503 

3-217 

1-2247 

3-952 

31-79 

4-893 

4-322 

1-2952 

7-737 

[Na(C a H a O a )] a 

21-05 

1-625 

1-427 

1-1119 

2-628 

31-71 

2-831 

2-264 

1*1716 

6-195 


Table III includes measurements for certain solutions at tem¬ 
peratures from 25° to 55°, to give indications of the temperature 
coefficients of viscosity. 


Table III. _ 

Relative Viscosities at Different Temperatures. 

Solution A 18-44%, M„ 1-588; B 41-38%, 2kf„ 4-958; C 45-95%, 6-970. 


D. Relative viscosity. 


Temperature* 

'A* 

B. 

■ ' ' *N 

c. 

A. 

B. 

J . ’N 

c. 

25*0° 

1-1057 

1-2515 

— 

3-73 

92-9 

Soln. crysd 

35-1 

1-1050 

1-249 

1-2780 

3-395 

62*3 

187*6 

45-0 

1-1048 

1-247 

1-2757 

3-15 

45-0 

115-6 

55-0 

1*105 

1-246 

1-2744 

2*93 

34-1 

78-05 


In Table IV are the specific conductivities (ohm -1 , cm. -1 ) at 18° 
and 25° measured in a cell of the form shown in Pig. 4. The total 
volume of the cell is 400 e.o., that of the lower tube, a, being 15 c.c. 
This is a useful shape when a series of dilutions is to be examined, 
since, provided that the lower tube be filled, the resistance of a 
solution is independent of the volume taken. Successive dilutions 
were effected by additions of water from a weight burette. 

Table V shows the way in which the conductivity of a highly 
concentrated solution (M„ = 5-5) varies with temperature. 
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Table IV. 

Specific Conductivities (ohm -1 , cm; 1 ) of Magnesium Acetate 
Solutions at 25° and 18°. 


, lOO faM - « ») 


% Anhyd. salt. 

M n . 

M v . 

25°. 

18°. 

7 X AT 1S . 

3*55 

0*259 

0*255 

19-97 

17*06 

2*44 

5*64 

0*420 

0-409 

26-28 

22*38 

2*49 

7*45 

0*565 

0-546 

30-10 

25*55 

2*54 

9*31 

0*721 

0-688 

32-67 

27*67 

2*58 

11*53 

0*924 

0-871 

34-36 

28*94 

2-67 

14*04 

1*147 

1-065 

34*67 

29*02 

2*78 

18*70 

1*616 

1*389 

32-12 

26*44 

3*07 

23*41 

2*147 

1*868 

26*69 

21*53 

3*42 

28*21 

2*760 

2*309 

19*84 

15*50 

4*00 

33*08 

3*472 

2*782 

12*89 

9*68 

4*74 

37*95 

4*295 

3-276 

7*11 

5*05 

5*83 

43*93 

5*503 

3-872 

2*5S 

1*69 

7-53 


Table V. 

Specific Conductivity of a 43*9% ~ 5-50)-Solution of 

Magnesium Acetate at Various Temperatures. 

t° (±0-05°) .... 55*1 49-7 44*95 40*0 35*8 29-8 25*0 18*0 12*7 

* x 10 s . 10-02 8-26 6*28 5-5S 4*60 3*38 2*58 1*69 M0 


Discussion . 

Fig. 2 shows the remarkable rapidity with which viscosity at 
25° increases with concentration. No simple equation has been 
found to cover the relation between the two. Rapid rise begins 
at about 2-5M w , the value relative to water as unity increasing 
from approximately 7 at that concentration to 155 at M w = 5*4 
(M v = 3*9), a supersaturated solution. One might suppose this 
great change to be due to hydration of the salt, the amount of 
free solvent water becoming steadily less. The evidence is, how¬ 
ever, rather contrary to any such supposition. Thus, ease of 
hydration is doubtless, to some extent, a characteristic of both 
radicals of the salt, yet neither magnesium chloride nor sodium 
acetate shows anything approaching the behaviour of magnesium 
acetate. At 4z-5M v the former has a relative viscosity of only 
about 9: the latter, at 2*5Af^ (calculated on a doubled formula), 
the maximum concentration attainable, has the value 5.5. There 
is no indication in either case that a rapid rise is likely. 

Further, if the production of heavily hydrated molecules were 
the cause of the high viscosity of magnesium acetate solutions 
compared with those of magnesium chloride, one would expect 
the curve of the molecular lowering of freezing point of the former 
to lie well above that of the latter. Fig. 3 shows how very far 
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this is from being the case. The figures for magnesium chloride 
at the dilute end are by the author (Z, physical . Chem. 9 1912, 80, 
546), while those for concentrated solutions are taken from the 
Landolt-Eornstein “ Tabellen.” In infinitely dilute solution a 
lowering of 3 X 1*85° is to be expected for a ternary electrolyte 
fully dissociated. As concentration increases, the lowering dimin¬ 
ishes with decreasing dissociation and then, as is usual, passes 


Fig. 2. 

Temperature (curves A, B, and C). 

25° 35° 45° 55° 



through a minimum and begins to rise. This rise is commonly 
attributed, in part at least, to removal of solvent by hydration of 
solute. With magnesium chloride it becomes very great, exceeding 
12° at : with the acetate it is only 6*5° at 2*35.3^. If the 

extrapolation in Fig. 1 to a eutectic at — 29° and 34-5% anhydrous 
salt (M i0 = 3*7) is correct, the molecular lowering at that tem¬ 
perature is only 7*8°; but one cannot be sure of this figure. Thus 
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the relation to magnesium chloride is incompatible -with an assump¬ 
tion that the acetate is the more highly hydrated, and it appears 
that the increase in viscosity in concentrated solutions of the latter 
is due to some other property of the magnesium and acetate radioals 
in conjunction. 

A plausible suggestion is that as one passes from relatively 
dilute solutions, where ionic dissociation is considerable, there is 
an increasing tendency for association of molecules to occur, such 
association being the result of chelate ring-formation by means 
of the magnesium atom exercising a co-ordination number of 4 
towards oxygen atoms. In a single molecule, such a structure as 

H 3 C*C^Q^>Mg<Q>C*CH 35 with four-atom rings, is not likely to 
Fig. 3. 

Molecular lowerings of freezing point . Fig. 4. 

13° 

12 

10 

8 

6 

4 

0 1 2 3 4 

be stable, particularly in dilute solution where ionisation is con¬ 
siderable ; but, with increase of concentration, polymerisation may 
occur to an indefinite extent with production of such chains as 

[>Mg<C^^ where each unit in the chain 

(straight or branched) is a magnesium 

atom being linked by a co-valence to a doubly-linked oxygen 
atom of an acetate radical other than that originally attached to 
itself. It is a simple matter to draw possible spatial structures 
for di-, tri-, and higher molecular aggregates. Such polymerisation 
is of a type similar to that which apparently is shown by basic 
beryllium acetate. 

! Chains of this kind will no doubt contribute very greatly to the 
§,N3seosity of a solution and might well account for the values recorded 
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at high concentrations. If now there is such a progressive alter¬ 
ation in the constitution of solute, from simple ionised salt to more 
or less highly polymerised molecules, there should be marked 
differences in the effects of temperature upon differing concen¬ 
trations. At higher concentrations, increase of temperature, by 
promoting dissociation, should have a much greater effect upon 
viscosity, for instance, than it will have at lower concentrations 
where there is little or no polymerisation. The measurements of 
Table III, shown in the broken lines of Pig. 2, prove quite definitely 
that this is the case. Three solutions have been measured at 
several temperatures and each viscosity has again been expressed 
relatively to water at the same temperature. For an 18*4% 
(1*80 5M W ) solution the curve (A, Fig. 2) is almost horizontal; for 
46% (5*97^) it (C) is very steep, and the lower the temperature 
the steeper is the gradient. 

The measurements of specific conductivity (Table IV) show the 
usual maximum as concentration increases, but whereas this occurs 
at 2*5M W with magnesium chloride, it is at under \M W with mag¬ 
nesium acetate, the conductivity being only one-fifth of the corre¬ 
sponding value for the former. It is idle, on the basis of conductivity 
work, to attempt comparisons of dissociation and ionic concen¬ 
trations in cases like these, where one cannot be certain that the 
ions are the same in concentrated as in dilute solutions, and where 
any allowance for viscosity can be nothing more than conjecture. 
Some interest, however, attaches to the temperature coefficient of 
the conductivity. Values at both 18° and 25 Q are included in 
Table IV, so that for each solution one can obtain the mean per¬ 
centage increase in conductivity per degree between these two 
temperatures. The values of 100 (k 26 — k 18 )/7 X k 18 are given in 
the sixth column of the table. Up to about 1M V the increase is 
close to 2*5% per degree—quite a normal figure for salts—but the 
coefficient continues to grow at an increasing rate as concentration 
rises, reaching 7%, and rising rapidly, at 5*5Jf v . Here again 
magnesium acetate furnishes an unusual case and an assumption 
of polymerisation leads to a qualitative explanation. Dissociation 
of polymerides with rising temperature will increase the number 
of simple molecules, which presumably are much more capable of 
ionisation, and so give increased conductivity: here also, how¬ 
ever, it is unfortunate that one cannot deduct the effect, if any, 
due to change of viscosity between 18° and 26°. 

Keeping to one and the same highly concentrated solution, 
containing 43*9% of anhydrous acetate {M w = 5*50; M v =. 3*87) 
the figures of Table V show how conductivity varies over a wider 
range of temperature (12*7° to 56*1°}. This solution is saturated 
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at 45°, but may be kept indefinitely at room temperature. Between 
the temperatures mentioned, the conductivity changes by more 
than 850% of its initial value—a very high figure for a salt. The 
rate of increase of conductivity with temperature is greater at 
higher temperatures, but the relative increase in value per degree 
is greater at the lower temperatures. 

While this high temperature coefficient may simply reflect 
altered mobility consequent upon altered viscosity, it is more 
probable that both viscosity and conductivity changes are due to 
a common cause, polymerisation, which is highly sensitive to 
temperature change. 

Some approximate measurements of surface tension have been 
made by the capillary tube method at 25°. There would seem to 
be little difference between the surface tensions of water and 
magnesium acetate solutions. Multiplying each rise by the density 
of the solution and dividing by the rise of pure water in the same 
tube, the following relative figures were obtained : 

% anhyd. Mg(C 2 H s O a ) a 6-01 14-0 23-5 23-6 31-4 39*3 

S ... 1*013 1-006 1-002 1-001 0-980 0*968 

No great accuracy is claimed for the figures and the third decimal 
place may be incorrect by several units, but it appears fairly certain 
that there is an initial rise, as is usual with salts, which is followed 
by a decrease to less than the value for water: at none of the 
concentrations examined does the change in surface tension due to 
the presence of the salt exceed a few parts per cent. 

There are other physical properties of these solutions which 
will be investigated later and a comparison will be made with the 
acetates of calcium, strontium, and barium, the higher positivity 
of the atoms of which will presumably involve less tendency towards 
formation of polymers by non-polar linkages of the type so markedly 
shown by beryllium, and apparently still characteristic in magnesium. 

The University or Melbourne. [Received, January 2 5th, 1926.] 


CXXXVIL —The Nitration of Benzil. 

By Frederick Daniel Chattaway and Edward Attty 
Coulson. 

Although benzil is scarcely attacked by ordinary strong nitric 
acid, it is readily nitrated by fuming nitric acid. The reaction 
was first carried out by Zinin (. Annalen , 1864, Suppl. 3, 153), who 
recognised that a new compound distinct from benzil and p-nitro- 
benzil was formed, but did not pursue the investigation further. 
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It was next studied by Zagumenny (J. Buss. Phys . Chem. Soc 
1872, 4, 278), who, by crystallising the crude viscid product from 
alcohol, obtained a moss-like mass of irregular needles melting at 
107°, in which after some weeks two different kinds of crystals 
made their appearance and could be picked out. He thus obtained 
two substances crystallising respectively in yellow octahedra, 
m. p. 131°, and in faintly yellow, rectangular plates, m. p. 147°. 
Analyses showed that all these substances had the composition 
of dinitrobenzil, but Zagumenny expressed no opinion as to their 
nature. His observations were apparently overlooked, for much 
later Klinger and Martinoff (. Annalen , 1912, 389, 232) claim to 
have obtained an almost theoretical yield of pure mm'-dinitro- 
benzil, m. p. 108*5—109°, by nitrating benzil with a large excess 
of cold fuming nitric acid, and more recently Barnett and Kay 
{Chem. News, 1922, 125 , 57), after remarking that the preparation 
of dinitrobenzil is much simpler than would be gathered from the 
literature, state that a nearly theoretical yield of practically pure 
mm'- dinitrobenzil, not. p. 109°, can be obtained by dissolving or 
suspending benzil in concentrated sulphuric acid and adding slowly 
an equal weight of potassium nitrate. 

The products described by Zagumenny (m. p. 107°), by Klinger 
and Martinoff (m. p. 108*5—109°), and by Barnett and Kay (m. p. 
109°) appear from their melting points to have been the same, and 
a re-examination of the crude substances obtained by each of the 
three methods proves that they are substantially identical. 

A closer examination of the nitration product, however, shows 
that it is not a single substance but a mixture of at least three 
isomeric dinitrobenzils. These have been separated, mainly by 
fractional recrystallisation, but partly by mechanical assortment 
of the crystals. 

The crude nitration product, which melts not very sharply at 
about 107°, has been thus shown to consist of approximately 70% 
of mm'-dinitrobenzil, m. p. 132°, 20% of om'-dinitrobenzil, m. p. 
149°, and about 10% of oo'-dimtrobenzil, m. p. 208°. 

The constitutions of the first two isomerides have been established 
by their oxidation to the corresponding nitrobenzoic acids, whilst 
the third has been shown to be identical with the oo'-dinitrobenzil 
obtained by Kliegl and Haas (Ber., 1911, 44,1213) by the oxidation 
of oo f - dinitrotolane. 

Experimental. 

Nitration of Benzil .-*-Prelim in ary experiments in which benzil 
was heated with fuming nitric acid as described by Zagumenny 
showed that the product very closely resembled those obtained 
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when the nitration was effected by a large excess of cold fuming 
nitric acid as described by Klinger and Martinoff or by a mixture 
of cold strong sulphuric acid and potassium nitrate as described 
by Barnett and Kay. The crude products were identical in appear¬ 
ance, and the moss-like, fluffy crystals obtained by cooling satur¬ 
ated solutions in boiling alcohol had a similar appearance and 
were of approximately the same melting point, although this 
varied somewhat and was never sharp. All three products were 
similar mixtures of isomerides. The behaviours of the moss-like 
masses of yellow crystals, which separated when solutions of the 
crude products in boiling alcohol were cooled, on recrystallisation 
from acetone were similar, and the proportions of the various con¬ 
stituents of the mixture, separated as described later, were as far 
as could be judged about the same. 

Preparation of the Crude Mixture of Isomeric Dinitrobenzils.~ 
Benzil (120 g.) and 240 g. of nitric acid (d 1*52) were slowly heated 
in a litre Jena flask with a ground-in air condenser and allowed to 
boil gently for about 5 hours. The mixture was then poured on 
to crushed ice, when a viscid, yellow mass separated. The aqueous 
supernatant liquid was decanted off and the yellow product, which 
collected together and could be easily separated, was repeatedly 
extracted with boiling water. In this way the nitrobenzoic acids 
formed as by-products were removed. The warm, yellow, plastic 
mass was then drained as completely as possible and allowed to 
cool, when it slowly solidified. The yield of crude product 
was about 150 g. (about 80% of the theoretical). The dry 
product was finely powdered and dissolved in boiling acetone. 
On cooling, a moss-like, crystalline mass separated in which 
larger, definitely-shaped crystals slowly made their appearance. 
On allowing the crystalline mass to remain for some days in the 
mother-liquor at the ordinary temperature, the quantity of com¬ 
pact crystals appeared to increase, and under the microscope they 
were seen to be of different kinds. 

The whole crude product was therefore systematically fractionally 
crystallised from acetone, and was thus separated into three fractions 
of very different appearance and solubility. 

The three fractions were finally repeatedly crystallised until 
their behaviour and appearance remained unchanged after several 
crystallisations from different solvents. The least soluble fraction 
was oo'-dimtrobenzil, the fraction of intermediate solubility was 
om'-dimtrobenzil, whilst the most soluble constituent was mm'-di- 
nitrobenzil. 

i^mm'-JHnitrohenzU, NO 2 *0 6 H 4 *CO*CO*C 6 H 4 *KO 2 , is moderately 
Soluble in boiling alcohol and very easily soluble in boiling 
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acetic acid, benzene, cMoroform, or acetone. It separates from 
each of these solvents in tufts of pale yellow, irregular, slender, 
prismatic crystals, m. p. 132°. These crystals in the mother- 
liquor have a moss-like appearance (Found: 0, 56*2; H, 2-8; 
N, 9*5. Calc, for C 14 H 8 0 6 N 2 , C, 56-0; H, 2*7; N, 9*3%). When 
dissolved in boiling acetic acid and oxidised by adding chromic 
acid from time to time, it is converted into m-nitrobenzoic acid 
only (yield 52—55% of the theoretical). 

om!-Dinitrobenzil is much less soluble in all solvents than the 
mm'-isomeride, but is somewhat more soluble than the oo'-isomer- 
ide. It is sparingly soluble in boiling acetic acid, chloroform, 
benzene, or acetone, and separates from the last in pale yellow, 
short, compact, six-sided prisms, m. p. 149°, showing a tendency 
to aggregate in warty-looking crusts. The crystals are photo¬ 
tropic and on exposure to light assume a green colour (Found: 
C, 56*0; H, 2-7; N, 9-4%). On oxidation by chromic acid, a 
mixture of m- and o-nitrobenzoic acids was obtained. 

In the early stages of the fractional crystallisation of the crude 
product of intermediate solubility, clear, transparent crystals of a 
much deeper shade of yellow than the others make their appearance. 
These apparently are the crystals described as yellow octahedra 
by Zagumenny. In spite of their characteristic shape and colour, 
however, they prove to be, not a fourth isomeride, but mixed crystals 
containing the oo'+ and the mm'-isomerides. On heating, they 
soften at about 129°, but do not melt completely till a temperature 
in the neighbourhood of 190° is reached, and if recrystallised from 
acetone can be separated into mm' -dinitrobenzil and oo'-dinitro- 
benzil. 

oo’-Dinitrobenzil is very sparingly soluble in boiling alcohol and 
only sparingly soluble in boiling acetone, acetic acid, chloroform, 
or benzene. From solutions in these solvents, it separates in 
small, compact, pale yellow, six-sided prisms with basal ends, 
m. p, 208° (Found: C, 55*9; H, 2*8; N, 9*2%). It is phototropic 
and becomes green when exposed to light. It is scarcely attacked 
by chromic acid and can be recovered practically unchanged after 
prolonged boiling with chromic acid in acetic acid solution. Its 
constitution was established by comparing it with oo'-dinitrobenzil 
prepared by the oxidation of oo'-dinitrotolane (Kliegl and Haas, 
loc. tit). The two specimens were identical in colour, appearance, 
and properties. They melted at the same temperature, 208°, 
alone and when mixed together, and were similarly phototropic 
and resistant to oxidation. 

The Queen’s College, Oxford. {Received, February 1 at, 1926.] 
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CXXXVIII .—Synthesis of 7-Methoxy-3~(&'-bromohomo- 
piperonyiy2-methyUl: 4t-benzopyrone. 

By Wilson Baker. 

Baker and Robinson (J., 1925, 127, 1426) recently described the 
dibromide of 7-methoxy-3-homopiperonyl-2-methyl-l: 4-benzo- 
pyrone (I), and showed that it was transformed by boiling with 
alcohol into a monobromo-substitution product of the original 
pyrone, which was formulated as the 6-bromohomopiperonyl 
derivative (II). 



As some theoretical conclusions were drawn from this reaction, 
it has been considered advisable to establish definitely the constitu¬ 
tion of the monobromo-derivative. The compound (II) has there¬ 
fore been synthesised. It is identical in all respects with the product 
obtained from the dibromide, the original formula being thus 
confirmed. 

The synthesis was first attempted from 6-bromopiperonal by a 
series of reactions analogous to those used for the preparation of 
7-methoxy-3-homopiperonyl-2-methyl-l : 4-benzopyrone (Baker and 
Robinson, be. cit.), but this was found impracticable. 6-Bromo- 
piperonai could not be induced to condense with an alkaline, aqueous 
solution of sodium cyanoacetate, but it condensed readily with ethyl 
cyanoacetate in presence of piperidine, and the resulting ester was 
hydrolysed to §-bromopiperonylide?iecyanoacetic acid (III). This 

•C° 2 H CH2 /° X | / Y H 2‘ CH 2 ,CN 
2 V\/ Br (IV.) 

acid on reduction with sodium amalgam in aqueous solution gave, 
however, a-cyano-p-piperonylpropionic acid, the bromine atom being 
eliminated. 

The nitrile (IV) was therefore prepared by bromination of 
p-piperonylpropionitrile, the position of the bromine atom being 
established by the fact that on hydrolysis it gave the corresponding 
acid, m, p. 139—140°, described by Weinstein (Annalen, 1885, 227, 
43). The position of the bromine atom in Weinstein's acid was 
|||^ known at the time, but it was prepared by the oxidation of the 
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acid CH 2 0 2 IC 6 H 2 Br'CH 2 , CH 2 *CH:CH*C 0 2 H, and its formation was 
accompanied by the production of a bromopiperonal, m. p. 129°, 
and a bromopiperonylic acid, m. p. 204°, both of which hare since 
been shown to be 6-bromo-derivatives. It follows that the bromo- 
piperonylpropionic acid was also the 6-derivative. By condensation 
with resorcinol under the conditions of the Hoesch synthesis 
(3-6 -bromopiperonylpropionitrile gave 6' -bromohomopiperonylresaceto- 
phenone (V), which by acetylation with acetic anhydride in presence 
of sodium acetate, followed by hydrolysis and methylation, gave 
the chromone (II). 


ch/ 


r 

o / \, 


CHo-CH, 
Br 2 ' 


,-co/ 

'HOl^ 


\ 

> 


OH 


(V.) 


Experimental. 

§-Bromopiperonylidenecyanoacetic Acid (HI).—6-Bromopiperonal 
(10 g.), ethyl cyanoacetate (10 c.c.), alcohol (50 c.c.), and piperidine 
(10 drops) were heated for 10 minutes. The yellow crystals, m. p. 
131°, obtained were identical with the product prepared by Bechert 
(J. pr. Ghem 1894, 50 , 19) by brominating piperonylidenecyano- 
acetic ester, which has since been shown by Piccinini (Atti R. Acead. 
Sci. Torino , 1905, 40 , 463) to be the 6-bromo-derivative. By 
hydrolysis with a slight excess of alcoholic sodium hydroxide for 
5 minutes, dilution, extraction with ether, and acidification, the acid 
was precipitated. It crystallised from much alcohol in bright yellow, 
lustrous needles, which melted on rapid heating at about 300° 
(decomp.) (Found : C, 44*7; H, 2-3; 1ST, 4-9; Br, 27-1. C n H 6 0 4 NBr 
requires C, 44*6; H, 2*0; N, 4-7; Br, 27-0%). It gives a yellow 
solution in concentrated sulphuric acid. 

p-6 -Bromopiperonylpropionitrile (IV),—A mixture of p-piperonyl- 
propionitrile (25 g.), glacial acetic acid (500 c.c.), and bromine (25 g.) 
was kept for | hour, heated for 5 minutes, and poured into water. 
The product crystallised from alcohol in colourless needles, m. p. 81° 
(Found: C, 47*4; H, 3-4; N, 5*7; Br, 31*8. C^HgOfcNBrrequires 
C, 47*3; H, 3-2; 3ST, 5*5; Br, 31*5%). The reaction mixture must 
not stand for longer, as owing to the action of hydrogen bromide 
and acetic acid $-6-bromopiperonylpropiommide separates. This 
crystallises from alcohol in colourless, lustrous needles, m. p. 151° 
(Found : C, 44*3; H, 3*9; N, 5*4; Br, 29*6, C 10 H 10 O 3 NBr requires 
C,44*l; H, 3*7; N, 5*2; Br, 29*4%). p-6-Bromopiperonylpropionic 
acid crystallises from chloroform in colourless prisms, m. p. 139— 
140° (Found: Br, 29*4. Calc., Br, 29*3%) (compare Weinstein, 
loc . ciL). In concentrated sulphuric acid, these substances, com¬ 
pound (V), and 6-bromopiperonal give cherry-red solutions, which 
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soon darken, turn brown, and finally brownish-green. In the last 
case, the final colour is more brown. 

6 '-BrcmoJiomopiperonylresacetopJienone (V).—p-6-Bromopiperonyl- 
propionitrile (10 g.), resorcinol (20 g.), anhydrous ether (200 c.c.), 
and powdered zinc chloride (10 g.) were saturated with anhydrous 
hydrogen chloride, and again after 24 hours. After standing, the 
solid ketimine was washed with ether and hydrolysed by heating 
with water for 2 hours. The ketone was dissolved in aqueous 
sodium hydroxide, the solution extracted with ether, and the 
product precipitated by carbon dioxide (yield 4 g,). It crystallises 
from slightly diluted acetic acid in pale brown prisms, m. p. 163° 
(Found: C, 52*3; H, 3*5; Br, 21*6. C 16 H 13 0 5 Brrequires C, 52*6; 
H, 3*6; Br, 21*9%). 

1 -Methoxy-3-($'-brwnohomopiperonyl) - 2 - methyl- 1 : 4 - benzopyrone 
(II).—The above ketone (2 g.), anhydrous sodium acetate (2 g.), and 
acetic anhydride (20 c.c.) were heated at 180° for 36 hours. Treatment 
with water gave a dark, uncrystallisable oil, which was hydrolysed 
with dilute alcoholic sodium hydroxide. The phenolic compound 
was methylated at 60° with methyl sulphate and aqueous potassium 
hydroxide; a solid (1*4 g.) then separated which by crystallisation 
from alcohol (200 c.c.) (charcoal) formed bunches of pale brown 
prisms, m. p. 206—207°. The melting point was not depressed on 
admixture with a specimen of the bromo-derivative prepared from 
the dibromide (I). Further, its reaction with sulphuric acid was 
identical with that given by the compound prepared from (I). The 
cherry-red solution rapidly became somewhat purple and darker, 
then light grey, and finally bright olive-green, the changes occupying 
about 3-minutes at the ordinary temperature. 

The author wishes to thank Professor B. Bobinson for the interest 
he has taken in the research, and Mr. A. Pollard for assistance with 
a portion of the experimental work. 

The University, Manchester. [Received, January 1 &th, 1926.] 

CXXXIX.— Preparation and Resolution of dl-cis-2: 5- 
Dimethyl'pi'perazine. 

By Frederic Barry Kipping and William Jackson Pope. 

Oar reducing 2 : 5-dimetIiyIpyrazine, with sodium 

l and alcohol, Stoehr (J. pr. Chem., 1893, 47, 494; 1897, 55, 49) 
fe |^|'teined two products which he described as the «- and p-2:5- 
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dimethylpiperazines; the a-compound constituted the main product 
and only small quantities of the p-isomeride were formed. Pope 
and Read identified Stoehr’s a-2: 5-dimethylpiperazine as the 
trans-isomeride (J., 1912, 101, 2325), but did not separate the 
(^-compound from the reduction product of the pyrazine; they 
secured, however, a quantity of residues left during the manu¬ 
facture of lycetol, the tartrate of the a-base, and separated there¬ 
from a substance which corresponded closely in properties with 
Stoehr’s (3-base. The study of the latter product (J., 1914, 105, 
219) conclusively proved it to be the cis-2 : 6-dimethylpiperazine, 
which Pope and Read hence supposed to be Stoehr’s P-2 : 5-di- 
methylpiperazine. This supposition is now shown to be erroneous. 

The confusion arose from the close similarity in physical properties 
between the dl-cis-2 : 5-dimethylpiperazine, m. p. 114—115°, and 
the cia-2 : 6-dimethylpiperazine, m. p. 110—111°; the 1: 4-di- 
benzoyl derivatives melt at 145—146° and 147—148°, respectively, 
but mixtures of the two melt at about 120—130°. 

The present paper describes the repetition of Stoehr’s preparation 
of his p-2:5-dimethylpiperazine and the resolution of this com¬ 
pound into its d- and Z-components. The resolution was effected 
by Pope and Read’s method of condensation with d-hydroxy- 
methylenecamphor, and Stoehr’s p-compound is thus proved to 
be the dl-cis-2 : 5-dimethylpiperazine. 

Experimental. 

wNitrosoaeetone (270 g.) was prepared from ethyl acetoacetate 
(700 g.) by the method of Ceresole (Ber., 1882, 15, 1326) and then 
reduced by the method of Gabriel and Pinkus (Ber., 1893, 26, 
2206) to 2 : 5-dimethylpyrazine, each 50 g. yielding about 12 g. 
of the base. The 2 : 5-dimethylpyrazine (10 g.) was then reduced 
as described by Stoehr and the mixture of a- and (3-dimethylpiper- 
azine hydrochlorides (about 8 g.) isolated; the operation was 
repeated until about 160 g. of the salt had been obtained. The 
dried and powdered hydrochloride was repeatedly extracted with 
boiling absolute alcohol, in which the a- or Zratts-compound is 
very sparingly soluble; the alcoholic extract on evaporation 
yielded about 8 g. of crude tfZ-cis-dimethylpiperazine. The reduc* 
tion product of the pyrazine thus contains about 95% of the trans - 
compound and only about 5% of the cia-isomeride. 

dl-1: 4:-Dibenzoyl-ois-2 : 5-dimethylpiperazine. —This compound, 
prepared by the Schotten-Baumann reaction from the hydro¬ 
chloride, crystallises from alcohol in colourless prisms, m. p. 145— 
146°; Stoehr gives 147—148° for his p-compound. Analysis 
failed to reveal the presence of a molecule of water of crystallis- 
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ationindicated by Stoehr (Found : 0,744; H, 6*8; N, 8*7. Calc, 
for C 20 H 22 O 2 ]Sr 2 , C, 74*5; H, 6*8 ;N, 8*7%); the identity in com¬ 
position between the a- and ^-compounds may be associated with 
the close similarity in crystalline form previously noted (J., 1914, 
105, 223). As remarked above, the compound depresses the 
melting point, namely, 145—146°, of Pope and Bead’s 1:4-dibenz- 
oyl-cis-2: 6-dimethylpiperazine. 

The ^-Toluenesulphonyl Derivatives. —In view of the similarity 
in melting point between the cis-2 : 5- and cis-2 : 6-isomerides just 
noted, it was thought desirable to prepare other acidic derivatives. 
The 1: ^di^-toluenesulphonyldimethylpiperazines were made by 
warming the hydrochlorides of the base with ^-toluenesulphonyl 
chloride and caustic soda solution. 

1: 4-Di-p-toluene8ulphonyl-cis-2 : 6-dimethylpiperazine crystallises 
from alcohol in minute, colourless prisms, m. p. 146—147°, the 
melting point being the same as that of the corresponding benzoyl 
derivative (Found: C, 56*9; H, 6*15. C 20 H 16 O 4 N 2 S o requires 
C, 56*8; H, 6*2%). 

1: 4c-Di-p-toluenesuIpJionyl-tT&TiB-2 : 6-dimethylpiperazine is almost 
insoluble in the usual solvents and after washing with alcohol 
melted at 225°; it is remarkable that this melting point is also 
identical with that of the benzoyl derivative (Found: C, 56*9; 
H, 6*2%). 

1: 4-M-p-toluenesulphonyl-a’s-2 : 6-dimethylpiperazine is very 
soluble in alcohol and acetone, but less soluble in light petroleum; 
it crystallises from the latter, to which a little alcohol has been 
added, in needles, m. p. 89—90° (Found: 0, 56*8; H, 6*2%). 
The marked difference in physical properties between these three 
isomerides is further confirmation of the separate identity of the 
three parent bases. 

j Resolution of cis-2 : 5 -j Dimethylpiperazine. —The hydrochloride of 
the racemic base was boiled in alcoholic solution with caustic 
potash (2 mols.) and <2-hydroxymethylenecamphor (2 mols.) for 
£ hour; the gummy deposit obtained on pouring into water crystall¬ 
ised on treatment with light petroleum and then melted at 167— 
170°. On fractional crystallisation from light petroleum contain¬ 
ing a little alcohol d-cis-2 : 5-dimethylpiperazine-d-bismethylene- 


in colourless needles, m. p. 210°. 0*1016 G. made up to 20 c.c. 
with alcohol gave a M61 + 7*6° in a 2-dcm. tube; whence [a]X s= 
+ 747°. The more soluble fraction after several crystallisations 
melted at 176—177°; this product represents 1-cis-2 : 6-dimethyl* 
\-d-bismethylenecamphor which still contained some stereo- 
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isomeride and gave JaJwei + 635° in alcoholic solution (Found : 
C, 76-8; H, 9*6. requires C, 76*7; H, 9*6%). 

The d- and Z-dimethylpiperazines were separated from the above 
derivatives by treatment with bromine by the method of Read 
and Pope and isolated as the hydrobromides; neither salt showed 
measurable rotatory power in alcoholic solution. In many analogous 
cases, however, the specific rotation of a base is a small fraction of 
that of the benzoyl derivative; the d- and Z-hydrobromides were 
■therefore benzoylated in the hope that optical activity might be 
detected. 

d- and 1-1: 4:-Dibenzoyl- cis-2 : 5-dimethylpiperazine .—The d-isomer- 
ide was obtained pure by crystallisation from acetone and forms 
colourless prisms, m. p. 164—165° (Found: 0, 75*1; H, 6*7. 
C 20 H 22 O 2 N 2 requires C, 74*5; H, 6*8%). 0*0985 G. made up to 
20 c.c. with alcohol gave a 54Q1 + 2-44° in a 2-dcm. tube; whence 
Wmgi “ + 247°. 

The Z-isomeride was not separable in a pure state from the material 
available, and the best specimen obtained melted at 140—142° 
and gave [a] 5481 — 146° in alcoholic solution. 

In order to make sure that these compounds had not been con¬ 
fused with the benzoyl ester of hydroxymethylenecamphor, which 
has nearly the same carbon and hydrogen content, the latter sub¬ 
stance was prepared; it paelts at 119—120° (Bishop, Claisen, and 
Sinclair, Annalen, 1894, 281, 374). 0*0820 G. made up to 20 c.c. 
with alcohol gave a M61 + 1*44° in a 2-dcm. tube, whence [a]^ = + 
175°. Further to ensure that no confusion has occurred, the 
trans-2 :5-dimethylpiperazine-d-methyleneeamphor of Pope and 
Read (J., 1912, 101, 2334) was again recovered from the various 
fractions and converted into its benzoyl derivative. In no case 
was an optically active benzoyl derivative obtained. 

Summary . 

Stoehris (3-2*: 5-dimethylpiperazine has been identified as the 
cis-isomeride by resolving it into optically active components. 
It is not identical with the cis-2 : 6-dimethylpiperazine of Pope and 
Read, although the similarity in physical properties between the 
two bases and their corresponding derivatives is such as to suggest 
identity. 

The University Chemical Laboratory, 

Cambridge. [Received, February 2 2nd, 1926. ] 
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CXLu —Interactions of Tellurium Tetrachloride and 
Aryl Alkyl Ethers . Part IL 

By Gilbert T. Morgan and Richard Eatough Kellett. 

The interaction of tellurium tetrachloride, and anisole is first 
mentioned in a communication by Michaelis (Ber,, 1897, 30, 2821) 
on organic compounds containing inorganic radicals, where he refers 
to the ready introduction of the bivalent radicals SeC^ and TeCI 2 
into various classes of organic substances. Aromatic derivatives 
of the former radical had been previously described by one of his 
pupils, Kunckell (Ber., 1895, 28, 609), and Michaelis was then 
announcing the discovery of an analogous series of tellurium 
derivatives, the work of Rust, another collaborator in the Rostock 
laboratories (Ber. } 1897, 30, 2828). , 

By warming together tellurium tetrachloride (1 mol.) and anisole 
(2 mols.). Rust obtained a yellow compound to which, from his 
analyses given in duplicate, he gave the name “ dichlorotelluro- 
anisol ” with formula TeCl 2 (G 6 H 4 *0*CH 5 ) 2 , This substance was 
purified from crude material by transforming the latter into 
dihydroxide, (CH 3 *0*C 6 H 4 ) 2 Te(0n) 2J and regenerating the dichloride 
with hydrogen chloride. 

From this dihydroxide Rust also prepared the dibromide, 
TeBr^GgH^O'CHg^, di-iodide, Telg (C 6 H 4 * O 'CIEg^, dinitrate, 

(0H g *0-C 6 H 4 ) 2 Te(N0 3 )2, and chloroplatinate, 
(CH 8 *Q*G e H 4 ) 2 TeCl 2 ,PtCl 4 . 

The subject was next taken up by Rohrbaech (Annalen, 1901, 
315, 9), who referred to the dissimilarities observable in the 
behaviour of selenium tetrachloride and tellurium tetrachloride 
as regards their condensations with aryl alkyl ethers. In the former 
case two substances were obtained, bisanisyl selenide and bisanisyl 
selenidiohloride, whereas in Rust’s experiments bisanisyl telluridi- 
chloride was the sole product. 

In order, therefore, to obtain bisanisyl telluride, Rohrbaech 
removed chlorine from Rust’s alleged dichloride with zinc dust in' 
benzene and obtained a highly coloured compound which he stated 
was “ -p-tefiuroanisol,’’ Te{C 6 H 4 *0*CH 3 ) 2 , He also converted this 
alleged monotelluride, by suitable treatment with chlorine, bromine, 
and dilute nitric acid, respectively* into Rust’s dichloride, dibromide 
and dinitrate. 

Fourteen years later, Rohrbaech’s supposed bis-p-anisyl telluride, 
Te(Q^ was examined by Lederer (Ber., 1915, 48, 1424), 

todm prepared its mercurichloride, mercuribromide, and mercuri- 
C 14 H 14 O a TeHgX 2 (X = 01, Br, or I). Lederer also obtained 
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(loc cit. } p. 2053) by the action of methyl iodide on Rohrbaech’s 
telluride a product yielding amsoledimethyltelluroniuin picrate. 
But the conclusions which he drew from this methylation have, 
however, been already shown to be groundless and a complete 
explanation of the reaction has been given in the previous paper on 
this subject (Morgan and Drew, J., 1925,127, 2310). 

In a subsequent paper, Lederer (Ber. y 1916*, 49,1076) obtained the 
true bis-^-anisyl telluride by the interaction of tellurium dibromide 
and magnesium .p-anisyl bromide and converted this telluride into 
dichloride, dibromide, di-iodide, and oxide. The whole para- 
series differed essentially from the corresponding derivatives of 
Rohrbaech’s telluride made either by that investigator, or by Rust 
or by Lederer himself. Later, Lederer prepared the corresponding 
members of the meta- and ortho-series, again using the Grignard 
reaction but with the appropriate magnesium m- or o-anisyl iodide 
( Ber 1919, 52, 1989; 1920, 53, 712), and since these two series 
also differed from Rohrbaech’s presumably isomeric series it followed 
by exclusion that, in the Rust-Rohrbaech preparations, tellurium 
had been introduced into the side chain, thus giving the formula 
Br 2 Te(CH 2 *0*C 6 H 5 ) 2 . But this conclusion is fallacious, because the 
original assumption of isomeric relationship between the Rust- 
Rohrbaech and Lederer series of compounds is incorrect. 

The researches described in the present communication furnish a 
correct explanation of the foregoing differences. 

The compound first handled by Rust was not dichlorotelluro- 
bisanisole, Cl 2 Te(C 6 H 4 *0*CH 3 ) 2 , but p -anisyltelluritrichloride (I), 
and accordingly its highly coloured reduction product obtained by 
Rohrbaech with complete elimination of chlorine was not a bisanisyl 
telluride (CH 3 *0*C 6 H 5 --H) 2 Te, but bis-p-anisyl ditelluride (II). 



Hence Lederer’s discussion of the constitution of Rohrbaech’s 
assumed bisanisyl telluride is irrelevant, inasmuch as lie was not 
even dealing with an isomeride of Ms three o-, m-, and ^-bisanisyl 
tellurides. 

Our experiments show conclusively that ^-anisyltelluritrichloride 
(I) is the sole product of the interaction of tellurium tetrachloride 
(I mol.) and anisole (3 mols.) in warm chloroform, the yield being 
quantitative. In the preparations made by Rust and by Lederer 
the reagents were heated together vuthout solvent on the water- 
bath, but on repeating their experimental conditions we again 
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obtained ^-anisylteHuritriehloride as the sole product. The yellow 
colour of the substance and its mode of hydrolysis together with 
complete analytical data confirm our conclusions as to its constitu¬ 
tion (I). 

On reduction with potassium metabisulphite, the trichloride gave 
a quantitative yield of bis-^-anisyl ditelluride (II), obtained in dark 
brownish-red crystals with green, metallic lustre. In its intense 
colour this ditelluride resembles Lederer’s bisphenyl ditelluride 
(Ber., 1915, 48, 1345), which is described as separating in blood-red 
crystals. Further evidence for the composition of bis-p-anisyl 
ditelluride (II) is, afforded by molecular-weight determination and 
by the large tellurium content of the compound. 

It now remained to prepare the true bis-’p-anisyltetturidicMoride 
(III) and this was accomplished by heating tellurium tetrachloride 
with excess of anisole at 150—180°; this dichloride was then 
obtained in practically quantitative yield. 



This dichloride (HI), unlike the trichloride (I), is colourless and 
reducible only with difficulty, but when the chlorine is removed 
entirely with zinc dust, the product, bis-^-anisyl telluride (IV), is 
also colourless. As already pointed out in earlier papers on organic 
teHurfum compounds, these colour differences are themselves a 
useful guide to the constitution of tellurium derivatives (Morgan 
and Drew, J., 1925,127, 531, 2307). 

Having thus established the nature of the tellurium anisyl deriv¬ 
atives, we made comparative experiments on the next homologues of 
anisole and found that the formation of telluritrichlorides took place 
most readily with o-tolyl methyl ether, and the resulting yellow 
2-methoxytolyl-o-ielluritrichloride was reducible to the intensely 
coloured bis-2-metJioxy-5-tolyl ditelluride, TeEuritrichlorides were 
obtained, but with greater difficulty, from m- and p-tolyl methyl 
ethers. 



Addendum . Interaction of Tellurium Tetrachloride and the 
Homologues of Acetic Anhydride . 

During this collaboration, experiments were also made to ascer¬ 
tain whether the condensation found to take place between tellurium 
tetrachloride and acetic anhydride (Morgan and Drew, J., 1925, 
427, 531) could be effected with anhydrides of the homologues of 
iddefeie add. ' ■ 
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The results showed that the tendency to undergo this condens¬ 
ation with tellurium tetrachloride fades away rapidly as the homo¬ 
logous series is ascended. 

Trichloroiellurijpropionic acid obtained from propionic anhydride 
was reducible to ditellurodipropionic acid . With w-butyric 
anhydride, tarry products predominated and only a very little of 
the telluriferous butyric acid was observed. With isovaleric 
anhydride, a considerable proportion of the tetrachloride was 
reduced with elimination of tellurium. 

Experimental. 

Condensation of Tellurium Tetrachloride and Anisole. 

L Interaction in Chloroform .—TeHurium tetrachloride (2 g.), 
2*4 g. of anisole, and 30 c.c. of dry chloroform were heated on the 
water-bath for 2 hours. The mixture became yellowish-red even 
in the cold, but on wanning hydrogen chloride was evolved copiously 
and the condensation product crystallised to a mass of yellow 
needles. No tellurium was evolved and the condensation pro¬ 
ceeded quantitatively. The crude product melted at 190° and gave 
Cl, 30*7% (Calc, for di- and tri- chlorides. Cl, 17*2 and 31*2, re¬ 
spectively). 

In contact with water, this crude yellow trichloride was hydrolysed 
to a white hydroxide. When treated with cold aqueous potassium 
metabisulphite (2£ mols.), the hydroxide was reduced to an insoluble 
dark red product which on crystallisation from dilute alcohol melted 
at 57° and gave Te, 56*8% (Calc, for dianisyl monotelluride and 
ditelluride, Te, 37*3 and 54*8 respectively). 

The foregoing analyses, even when effected on the crude products 
of reaction, show that in chloroform, tellurium tetrachloride and 
anisole (3 mols.) yield an anisyltelluritrichloride which on reduction 
furnishes dianisyl ditelluride. 

2. Condensation without Solvent (Method of Bust and Lederer).— 
The trichloride obtained by the foregoing procedure was apparently 
identical with Bust’s “ dichlorotelluroanisol,” although our analysis 
indicated a trichloride. As the solvent used in our experiments 
may have modified the reaction, we repeated the condensation 
according to Bust’s recipe, which is practically identical with the 
method adopted by Lederer (loc. cit ). The crude products in two 
preparations melted at 195° and 190° and after one crystallisation 
from dry chloroform gave Cl, 29-8 and 30*9%, whereas the di- and 
tri-chlorides require, respectively, Cl, 17*2 and 31*2%. 

Beduction of the foregoing products of the dry process with ice- 
cold aqueous potassium metabisulphite furnished a substance which 
crystallised from warm alcohol, on addition of water, in dark red. 
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glistening crystals, m. p. 57°. Reduction with zinc dust in benzene 
led to a dark red oil, the alcoholic solution of which yielded a dark 
red substance melting at 49—51°, a melting point correspon din g with 
Rohrbaech’s 50° and Lederer’s u 50° not easily observed because of 
the dark colour.” 

p -Anisyltelluntrichbride , CH 3 *0*C 6 H 4 *TeCl 3 .—On warming to¬ 
gether tellurium tetrachloride (1 mol.) and anisole (1|—2 mols.) in 
dry chloroform solution a practically quantitative yield of the tri¬ 
chloride was obtained, calculated on the tetrachloride; the product 
separated directly in a nearly pure condition. Dry chloroform 
or ether was used for recrystallisation, the substance separating 
in yellow needles, m. p. 190° (Found: 0, 24*3, 24-7; H, 2*3, 2*1 ; 
01,31*1; Te, 37*7. C 7 H 7 OCl 3 Te requires C, 24.6; H,2*05; 01,31*2; 
Te, 37*4%).* 

jj-Anisyltelluritrichloride was almost insoluble in cold chloroform, 
benzene, or light petroleum and dissolved only moderately in the 
warm solvents. With water and moist solvents, it decomposed to 
a white hydroxide; it dissolved completely in hydrochloric acid or 
aqueous caustic soda. 

Acetic acid added to a solution of 2 g. of p-anisyltelluritrichloride 
in 2A"-sodium hydroxide precipitated a white amorphous powder 
having no definite melting point. Dissolution in alkali and pre¬ 
cipitation with acetic acid were repeated; the amorphous product, 
after drying, gave G, 28*4; H, 2*6; whereas a trihydroxide, 
CH 3 *0*C 6 H 4 *Te(OH) 3 , would require C, 29*4; H, 3*5%. As the 
substance was insoluble in ordinary solvents and uncrystallisable, 
it was not investigated further. For a product obtained under 
essentially the same conditions Rust obtained Te, 33*55, 33*60; 
C, 44*37, 44*46; H, 4*34, 4*33%, corresponding with a di-jp-anisyl- 
telluridihydroxide, (CH 3 *0*C 6 H 4 ) 2 Te(0H) 2 . Two other carbon and 
hydrogen determinations confirmed the lower values for these 
elements, and a portion of the hydroxide when evaporated with 
concentrated hydrochloric acid regenerated yellow needles of 
^-anisyltelluritrichloride (m. p. 191°. Found: Cl, 30*3; calc,, 
Cl, 31*2%). 

This hydrated oxide dissolved in warm dilute nitric acid and, on 
cooling, a yellowish-pink, amorphous precipitate separated (m. p. 
190 210°); the filtrate yielded yellowish-white plates, identified 
by melting point and analysis as 2:4-dinitrophenol. 

Bis-jp-anisylditetturide (II), obtained in almost quantitative yield 

* Tellurium is most satisfactorily determined in these compounds by the 
Oarius method (9-10 hours at 260°); the solution is evaporated to dryness 
with hydrochloric acid, the residue dissolved in water, and the tellurium 
with hydrazine hydrochloride and sulphurous acid. 
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On adding gradually potassium metabisulphite to ^-anisylteHuritri- 
chloride suspended in ice-water, crystallised from dilute alcohol or 
petroleum (b. p. 40—60°) in reddish-brown crystals. From its 
more concentrated solution in benzene the ditelluride separated in 
highly lustrous, green crystals (Found : C, 35*6; H, 3*0; Te, 54*2; 
M 9 cryoscopic in benzene, 472*5. C 7 H 7 OTe requires C, 35*8; 
H, 3*0; Te, 54*4%. C 14 H 14 0 2 Te 2 requires M 9 469). 

The ditelluride oxidised slowly in air to a yellowish-grey substance, 
and its alcoholic solution was at once decolorised by hydrogen 
peroxide; a white, amorphous product was obtained on concentrat¬ 
ing the liquid. On passing chlorine through its chloroform solution, 
the colour changed and jp - anisylteUuritrichloride crystallised out 
(m. p. 192°). Bromine in similar circumstances yielded ^-anisyl- 
telluritribromide, separating in orange-yellow crystals, m. p. 187*5° 
(Rust’s dibromotelluroanisole melted at 183—185°). This tri¬ 
bromide was hydrolysed by water to the white hydroxide and with 
metabisulphite it regenerated the di-£>-anisyl ditelluride. On adding 
aqueous mercuric chloride to the ditelluride in ethereal solution, 
a light brown mercurichloride was precipitated. 

Di-^-anisyltelluridichloride (III).—Tellurium tetrachloride (15 g.) 
and 30 g. of anisole (5 mols.) were heated for 24 hours at 
150—180°, the solution being afterwards allowed to solidify in a 
vacuum. The yield of crystalline product was 95% of the 
theoretical. The dichloride crystallised from benzene-petroleum 
(b. p. 40—60°) in colourless prisms, often retaining a slightly pink 
tinge; it melts at 181—182° (Found : C, 40*5; H, 3*6; Cl, 17*25; 
Te, 30*9. C^H^OaQgTe requires C, 40*7; H, 3*4; Cl, 17*2; Te, 
30*9%). The dichloride was insoluble in water, although slightly 
hydrolysed by this solvent; it was completely hydrolysed by 
aqueous sodium hydroxide, but dissolved only sparingly in excess 
of this alkali. It was not readily reduced, being resistant to the 
action of metabisulphite and only attacked with difficulty by zinc 
dust. 

Bis^-anisyl Telluride (IV).—Di-^-anisyltelluridichloride (10 g.) 
and 5 g. of zinc dust in 150 c.c. of benzene were heated for 24 hours 
under reflux. Some tar separated and the filtered solution was 
concentrated. The white crystals which separated still contained 
chlorine and were subjected to the action of more zinc dust until all 
the halogen was eliminated. The halogen-free compound (yield 
37%) crystallised from dilute alcohol in colourless, nacreous plates, 
m. p. 53—54° (Found: C, 49*0; H, 4*2; Te, 37*6. C 14 H 14 0 2 Te 
requires C, 49*2; H, 4*1; Te, 37*3%). 

On mixing chloroform solutions of the telluride and bromine, 
di-p-anisyltelluridibromide separated in sulphur-yellow crystals, 

rr2 
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m. p. 190°; the bromo-derivative of Rohrbaech’s ditelluride was 
described as orange-yellow. 

2-MetJwxyiolyl-54elluritrichloride > CH 3 *0*C 6 H 3 (CH 3 )*TeCl 3 .—Four 
g. of tellurium tetrachloride (1 mol.) and 3*7 g. of o-tolyl methyl 
ether (2 mols.) in 30 c.c. of dry chloroform were heated together on 
the water-bath; hydrogen chloride was evolved and, after one hour, 
yellow needles separated (Found : Cl, 29*6. C 8 H 9 OCl 3 Te requires 
Cl, 30*0%). The product was only very sparingly soluble in ordinary 
organic media with the exception of acetone, but when separating 
from this solvent after the addition of light petroleum, the crystals 
obtained were progressively whiter and showed a diminution in the 
percentage of chlorine. 

These decomposition products were extracted with chloroform 
and the filtered solution was saturated with hydrogen chloride. A 
deposit of pale yellow needles was formed melting to a red liquid at 
232—233° (Found: Cl, 30*0%). 

The trichloride was insoluble in cold water, but hydrolysed, on 
warming, to a white hydroxide which dissolved readily in benzene 
or chloroform. With potassium metabisulphite, the trichloride 
was reduced to a highly coloured ditelluride. 

; A large excess of o-tolyl methyl ether and tellurium tetrachloride 
with a little dry chloroform were gradually heated to 170°; the solid 
product was filtered from unchanged ether and extracted under 
reflux with chloroform, but no soluble dichloride was obtained. 

Bis-2~methoxy-m-tolyl Ditelluride y {CH 3 *0*C 6 H 3 (CH 3 )*Te} 2 .—To 
5 g. of the preceding trichloride in 50 c.c. of ice-cold water were 
added slowly 9-5 g. of potassium metabisulphite (3 mols.); the 
reduction proceeded rather more slowly than in the case of the 
anisyl derivative, the colour changing from yellow to black. After 
stirring occasionally for an hour, the black residue was extracted 
with ether. The dark red solution deposited dark needles, which 
recrystallised from petroleum (b. p. 40—60°) in similar forms with 
a brownish-green bronzy lustre; m. p. 77—78° (Found: C, 38*6; 
H, 3*6; Te, 51*5; M, cryoscopic in benzene, 493. C 8 H 9 OTe requires 
0,38*6; H, 3*6; Te, 51*3%. C 16 H 18 0 2 Te 2 requires Jf, 497). 

This ditelluride was very soluble in benzene, chloroform, acetone 
or ether, but only sparingly soluble in cold alcohol or petroleum 
(b. p. 40—60°), dissolving more readily on warming. From its 
alcoholic solution, water precipitated a bright red emulsion which 
solidified to a dark green, crystalline mass. Hydrogen peroxide 
instantly decolorised the alcoholic solution. Chlorine passed into 
the chloroform solution regenerated 2-methoxytolyl-5-telluritri- 
cliloride; bromine under similar conditions combined additively to 
j^gp|U tte enn^sgcnding orange-yellow tribromide. 
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4c- M eihoxytolyl-3-telluritrichloride .■ — p-Tolyl methyl ether and 
tellurium tetrachloride did not interact appreciably in chloroform 
solution, but at higher temperatures condensation took place. 
Equal parts of the tetrachloride and #-tolyl ether with a trace of 
chloroform were heated on the water-bath until hydrogen chloride 
was no longer evolved. The resulting yellow liquid slowly yielded 
greenish-yellow crystals, which underwent partial hydrolysis in such 
solvents as moist benzene, chloroform and acetone. Accordingly 
these products were redissolved in dry chloroform and the pale yellow 
solution was saturated with hydrogen chloride. On concentrating 
the liquid in a vacuum desiccator, well-defined, yellow, rectangular 
plates separated, m. p. 135° (Found: Cl, 29*6. CgHgOClgTe requires 
Cl, 30*0%). The reduction of this and the following trichloride 
proceeded less readily than that of their foregoing isomeride. 

3-Methoxytolyl-(4: or &)-telluritrichloride .—Equal parts of tellurium 
tetrachloride and m-tolyl methyl ether with a little chloroform were 
heated on the water-bath until evolution of hydrogen chloride had 
ceased; the oily residue was then cooled until dark green crystals 
separated. When the crude material was dissolved in dry chloro¬ 
form and tjie solution saturated with hydrogen chloride, no preci¬ 
pitation occurred, but slow evaporation in a vacuum desiccator 
furnished a yellowish-brown crystalline mass, m. p. 154° (Found: 
Cl, 28-2. Calc., Cl, 30*0%). This trichloride is much more soluble 
than its isomeride in organic media, but exposure to moisture leads 
to considerable hydrolysis. 

Condensation between tellurium tetrachloride and each of the 
following : (3-naphthyl methyl ether, monoethyl ethers of resorcinol 
and quinol, monomethyl ether of quinol, led to viscid, uncrystal- 
lisable products. No appreciable interaction was observed with 
^-nitroanisole, but a preliminary experiment with ^-bromoanisole 
indicated a normal condensation to a trichloride, m. p. 184°; this 
was reducible by aqueous metabisulphite to a dark red oily ditel- 
luride, which was brominated in chloroform solution to an orange- 
yellow tribromide , m. p. 153°. 

Interaction of Tellurium Tetrachloride and the Homologues of 
Acetic Anhydride * 

TrichloTotelluripropionic Acid , Cl3Te*CH(CH 3 )*C0 2 H. Five g. 
of tellurium tetrachloride and 7 g. of propionic anhydride (3 mols.) 
in 38 c.c. of chloroform were heated under reflux for 4 hours. 
Hydrogen chloride was evolved slowly, and 0*3 g. of tellurium 
eliminated. The filtered liquid was concentrated in a vacuum 
desiccator, and chloroform added; a brown solid then separated 
(yield 4 g.). The product was extremely soluble in all organic 
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media and could not be freed by recrystallisation from tarry im¬ 
purities. A halogen estimation on the crude material, obtained in 
white plates by allowing the viscous liquid from the foregoing con¬ 
densation to remain in a vacuum desiccator for 4 weeks, gave 
Cl, 34*7 (CgHsOgClgTe requires Cl, 34-6%). This substance melted 
at 145—150° and on exposure to the atmosphere the crystals became 
liquid. A condensation with a large excess (6 mols.) of propionic 
anhydride gave a smaller yield of the trichloro-eompound. 

Ditellurodipropionic Acid , {Te*CH(CH 3 )*C0 2 H} 2 .—Crude tri- 
chlorotelluripropioiiic acid was reduced with aqueous metabi¬ 
sulphite (2*5 mols.), and the yellow solution extracted with ether. 
The oily residue from the ethereal extract redissolved in chloroform 
to a solution which yielded a brick-red solid, m. p. 75°. The pale 
yellow silver salt was photosensitive and became brownish-black 
on exposure, the copper salt was a pale green precipitate decomposing 
at 175°, the soluble potassium salt separated from concentrated 
aqueous solution in brick-red plates blackening at 175°. 

Tribromotelluripropionic Acid , Br 3 Te*CH(CH 3 )*C0 2 H, resulted 
from the interaction of ditellurodipropionic acid and bromine in 
chloroform; it separated as a yellow oil which solidified to a bright 
yellow solid, m. p. 139—141° (Found: Br, 53*8. C 3 H 5 0 2 Br 3 Te 
requires Br, 54*4%). This tribromo-derivative dissolved readily 
in ether or acetone or in warm benzene, chloroform or ethyl acetate, 
separating from these solutions, on addition of light petroleum, as 
an oil which slowly solidified. When kept in a sealed tube, the 
yellow tribromo-compound changed into a greenish-black decom¬ 
position product. 

Tellurium tetrachloride and %-butyric anhydride when boiled in 
chloroform solution slowly evolved hydrogen chloride, but the tarry 
product as extracted with acetone and other organic solvents re¬ 
mained oily. The acidic nature of this product was demonstrated 
by the formation of a yellow silver and green copper salt. Bromine 
in chloroform gave an oily additive product. Interaction between 
tellurium tetrachloride and isovaleric anhydride was attended by 
elimination of a considerable proportion of tellurium. From an 
experiment with monochloroacetic anhydride, the greater part of 
the tellurium tetrachloride was recovered. 


The authors desire to express their thanks to the Government 
Grant Com m ittee of the Royal Society and to the Research Com- 


to defray the expense of this investigation. 



University of Birmingham, 

'% r ' . ■ EdGBASTON . : 

*■*?" ' ■ ' 1 ■ '■ 


[Received, February 18th, 1926 .] 




THE BEHAVIOUR OF MANNOSE DIACETONE ON METHYLATION. 1089 


CXLI .—The Behaviour of Mannose Diacetone on 

M ethylation. 

By James Colqtthottn Irvine and Andrew Forrester Skinner. 

In the course of a discussion on the application of the methylation 
process to the structural problems of carbohydrates, it was stated 
(Irvine and Oldham, J., 1925, 127, 2910) that the method is valid 
only if certain conditions are fulfilled. These need not be enu¬ 
merated again, but obviously the fundamental requirement is that 
during alkylation methyl groups are introduced into the vacant 
hydroxyl positions without disturbing any substituting groups 
already present. Equally important is the condition that, once 
methyl groups have entered the non-glucosidic positions of a sugar 
chain, they should remain unaffected during the standard processes 
employed to hydrolyse glucosides, disaccharides or polysaccharides. 
So far, no authentic case has been encountered which indicates that 
the above primary conditions are not fulfilled. One apparent 
exception was, however, recorded by Freudenberg and Hixon 
(Ber ., 1923, 56, 2119), who converted mannose diacetone into a 
monomethyl derivative and subjected the product to mild hydrolysis 
in the hope that monomethyl mannose would be formed. Contrary 
to expectation, not only the unstable ^opropylidene residues were 
removed, but the methyl group also was eliminated so that the final 
product consisted of mannose. The subject was reinvestigated by 
Levene and Meyer (J. Biol. Chem ., 1924, 59, 145), who varied the 
procedure by applying the silver oxide method of alkylation to 
mannose diacetone, but the monomethyl derivative obtained, 
whilst differing in optical activity from Freudenberg’s product, 
displayed precisely the same instability towards acid hydrolysts. 

These observations, although capable of simple explanation, have 
elicited some criticism of the principles underlying the researches 
associated with this laboratory, and it is advisable to clear up the 
situation. It was assumed, prematurely, that, as mannose diacetone 
has no effect on Fehling’s solution, the reducing position of the parent 
sugar had been substituted by a ketonic residue. In such an event, 
one hydroxyl group should persist in the sugar chain and undergo 
methylation, giving, irrespective of the method employed, the same 
monomethyl derivative. This product, in turn, when treated with 
aqueous acid should give areducing sugar, viz., monomethyl mannose. 
Two views have been put forward to account for the fact that the 
methyl group is removed on hydrolysis, the first being that the 
stability of methylated sugars is not a general feature of these 
compound and is considerably less than our published papers 
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indicate. Alternatively, it has been suggested that, in the parti¬ 
cular case under consideration, the entry of a methyl group had 
dislodged a ketonic residue from its initial attachment to the reduc¬ 
ing position and, through subsequent rearrangement, had formed a 
derivative differing in type from the parent compound. 

Either of the above explanations, if supported by convincing 
experimental evidence, would be damaging to the fundamental 
ideas underlying much of our work, but the suggestions are both 
highly improbable and opposed to experience. To the worker 
familiar with the properties of methylated sugars and glucosides, 
the apparently irregular behaviour of monomethyl mannose diace¬ 
tone presents no difficulties whatsoever. The properties of the 
compound clearly show that it is y-methylmannoside diacetone, and 
this could be formed only if mannose diacetone contained a labile 
hydrogen atom in the 1-position. That such is the case is shown 
by the fact that the compound forms a sodium derivative convertible 
into a monoraethyl ether showing [a] H * — 41° in acetylene tetra¬ 
chloride, whereas when methylation is effected directly by the 
silver oxide reaction the specific rotation of the product is widely 
different ([a] D + 23°). This is but an example of the general rule 
that when a reducing sugar is acted on by silver oxide and methyl 
iodide two stereoisomeric glucosides are produced, the p-variety 
being formed in excess. It follows that the monomethyl mannose 
diacetone obtained respectively by Freudenberg and by Levene 
differed merely in the relative proportions of two stereoisomeric 
substituted methylmannosides. From such compounds, again 
following a general rule, the alkyl group should be removed, as was 
the case, by hydrolysis. The only apparent irregularity is the 
extreme ease with which this group is lost, but even this feature is 
diagnostic and the explanation was already available. It has been 
known for a considerable time that y-glucosides undergo hydrolysis 
with a facility comparable with that displayed by sucrose, and more 
recently {Irvine and Burt, J., 1924, 125, 1343) y-methylmannoside 
has been shown to posses the same instability. Any confusion 
which may have arisen through the behaviour of mannose diacetone 
on methylation is due to attaching more importance to a single 
test, viz., the action of Fehling’s solution, than to the numerous and 
more regular reactions of methylated sugars generally. Without 
additional experimental work it was possible to predict that mannose 
* diacetone would (1) display mutarotation, (2) form the correspond¬ 
ing methylmannoside by the action of acid methyl alcohol, (3) 
undergo oxidation and reduction without removal of the acetone 
residues, and (4) condense with amino-bases. 

interests of our general research programme we decided to 
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explore the ease, but meanwhile Freudenberg has extended his work 
and has shown that mannose diacetone exhibits mutarotation and 
enters into condensation with ammonia (Freudenberg and Wolf, 
Ber., 1925,58,300). More recently, Ohle and Berend {ibid., p. 2950) 
have succeeded in oxidising mannose diacetone to a substituted 
mannonic acid, in which the ketonic residues persist, thus adding 
to the evidence that in the parent compound the reducing group is 
free. As our additional results are conclusive, and incidentally, 
have a bearing on the constitution of mannose diacetone, they are 
now submitted. 

We have subjected mannose diacetone to the action of methyl 
alcohol containing 0*1 % of hydrogen chloride, a methylating reagent 


Pi a. 1. 

Condensation of mannose diacetone Mutarotation of mannose 
with aniline. diacetone anilide. 



which is selective in the case of sugars, as it affects only the reducing 
position. Condensation proceeded readily and the optical changes 
involved, which are quoted in the experimental part, reveal that the 
substituted methylmannoside formed belongs to the y-series. As 
anticipated, methylation proceeded without removing the acetone 
residues and the product was completely hydrolysed with the same 
facility as a y-mannoside. Evidence was also obtained that mannose 
diacetone forms a phenylhydrazone, but as the product was a syrup 
and as, in the mannose series, aniline is a superior reagent to phenyl- 
hydrazine, the anilide was studied in greater detail. Mannose 
diacetohe reacts in the cold with an alcoholic solution of aniline 
to give a well-defined crystalline mannose diacetone anilide . The 
polarimetric curve illustrating the change shows that two simultan- 

pp* 
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eous reactions are involved and, following the general rule, the 
anilide displayed extensive mutarotation in alcoholic solution. 

It -will be observed that whereas during anilide formation the 
activity increases in the dextro-sense the compound when isolated 
is lsevorotatory. In the preparation of mannoseanilide a similar 
anomaly is encountered. 

The mutarotation of mannose diacetone in various solvents has 
also been studied, the observations being made on material which 
had been repeatedly crystallised, or preferably, sublimed at 120°/0*2 
mm. A number of interesting features were encountered, parti¬ 
cularly in the case of aqueous solutions where the phenomenon is 
abnormal and is probably more correctly described as * fc pseudo- 
mutarotation.” Using dry acetone as the solvent, the mutarotation 
remained suspended and consequently the initial value ([a] D + 38*4°) 
may be taken as a standard for the compound. The reaction was, 
however, catalysed by the addition of a trace * oi N /50-sodium 
hydroxide, the constant value + 16*9° being reached in 6 hours. 
A solution in acetylene tetrachloride showed practically the same 
range, but gave the initial specific rotation [a] D + 31*5°, which 
diminished regularly to 9*8°. Incidentally, the value quoted by 
Freudenberg for the same solvent (+ 14*3°) is intermediate between 
these extremes and corresponds to the readings obtained 40 minutes 
after the solution was prepared. The change, as shown by the 
diagram reproduced below, was complete in 100 minutes and this 
comparatively rapid mutarotation in an anhydrous solvent suggests 
that in addition to the interchange of the hydrogen and hydroxyl 
of the reducing position other factors may be operative. 

On the whole, the results quoted above are regular, but the use 
of absolute alcohol as the solvent gave a negative result, the initial 
value ([a]j> + 15-9°) remaining constant and showing very little 
.change on the addition of a trace of alkali. Reasons exist for the 
opinion that in this solvent the mutarotation is so rapid as to be 
undetectable and, in the circumstances, little success was anticipated 
in the case of aqueous solutions, particularly as only low concen¬ 
trations are then* possible. The result was, however, positive and 
the specific rotation diminished from + 11*9°, became laevo, and 
finally attained equilibrium when a small dextrorotation was just 
detectable. This consecutive fall and rise in activity shows that the 
mutarotation involves at least two reactions. If water plays a 

* Judging from published accounts, it would appear that experiments on 
mutarotation are frequently vitiated by the excessive use of alkali. In the 
; .Sugar group particularly, this practice is regrettable, as prolonged changes 
| m activity may thus be promoted which have no relationship to mutarotation 
a^cxsepted sense of the expression..' ' 
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specific as well as a catalytic part in the changes, any compound 
thus produced must be unstable, as the original mannose diacetone 
was isolated from the solution by extraction with chloroform after 
mutarotation was complete. Additional information bearing on 
this point was obtained from the examination of a solution in 50% 
alcohol which had attained the permanent specific rotation of 
+ 8*5°. On increasing the aqueous concentration to 75%, the 
activity was much reduced and ultimately vanished. 

Fig. 2. 

Mutarotation of mannose diacetone . 


Solvent , acetylene tetrachloride. Solvent, water . 



Time in minutes. Time in minutes . 

A. Sublimed material. B. Crystallised material . 


The combined results, when plotted on curves, suggest that the 
constitution of mannose diacetone is more complex than is generally 
supposed. As already stated, our opinion is that the compound is 
derived from y-mannose, and this is supported by other results, 
obtained in this laboratory but still unpublished, which prove 
definitely that glucose diacetone is a derivative of y-glucose. There 
remains, however, the problem as to why y-glucose condenses with 
acetone to give a compound in which the reducing group is substi¬ 
tuted while the same group, usually the most reactive in the mole¬ 
cule, remains free in the case of y-mannose. For the time being, the 
formula for mannose diacetone which finds most favour represents 
the compound as : 

I o | 

X C(CH 3 ) 2 ^(CHs)* 


pp*2 
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Considering recent views as to the structure of the stable and 
unstable varieties of mannose, it is possible that the above constitu¬ 
tion is approximately correct, and it is our intention to investigate 
the subject further. Meanwhile it may be said that Ohle’s criticism 
of Haworth's conclusions as to the ring structure of mannose is not 
justified, as evidently the acetone derivatives of the sugar have no 
relationship with the amylene-oxidic variety of the hexose. 

Experimental. 

The mannose diacetone was prepared by the standard method 
and purified by recrystallisation from light petroleum (b. p. 40—70°) 
diluted with 20% of dry ether. After the second crystallisation 
the m. p. was 122°, and this remained unaltered on further crystallis¬ 
ation or on subliming the compound in a vacuum. A Zeisel estima¬ 
tion, carried out as a check on the purity of the reagents used in the 
preparation, gave a negative result and the absence of any action 
upon Fehling’s solution was also confirmed. 

Rotation and Mutarotation of Mannose Biacetone . 

Solvent, acetone . As the compound displays suspended muta¬ 
rotation in acetone, this solvent was employed in determining the 
standard specific rotation. 

I. The mannose diacetone was recrystallised three times and 
thereafter sublimed by heating for 5 hours at 120°/O*2 mm. c = 
1*016; [«]5f = + 38*4°. This value remained unchanged for 80 
minutes. 

H. In this experiment the sublimation process was omitted. 
c = 1*559. 


Time from start. 

Mf* 

Time from start. 

r<* 

8 minutes 

-f 27*9° 

44 hours 

4-27*1* 

25 ,i 

27-9 

8 „ 

27-2 

75 „ 

27*5 

24 „ 

26-9 

150 „ 

27*1 

30 „ 

26-8 


On adding a trace of sodium hydroxide the specific rotation dimin¬ 
ished steadily to the constant value + 16*9°, which was reached in 
6 hours. The material recovered from this experiment melted at 
123°. 

Solvent, acetylene tetrachloride . This solvent was selected as it 
was employed by Freudenberg when he obtained the value 
. Wng yrittow = + 14*3°. We find that when the mannose diacetone 
I was recrystallised three times and dried at 80°/15 mm. before use, 
ll^e ^maxiTnum,. initial specific rotation observed was [a] 1 ^ yeiiow — 
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+ 26*2° and regular mutarotation ensued. Typical figures are 
given, c = 1-980. 


Time from start. 

mt- 

Time from start. 

mt- 

5 minutes 

+ 22-6° 

60 minutes 

+ 11*6 C 

15 

18*6 

75 

100 

20 

17-1 

90 

9*6 

40 

14-1 

100 

9*1 

50 

12-6 

24 hours 

9-1 


The above values were verified on four occasions and the figure 
quoted by Freudenberg corresponds with observations made 40 
minutes after the first contact of solvent and solute. 

A more striking result was obtained with mannose diacetone 
which had been sublimed by heating for 5 hours at 120°/0*2 mm. 
c = 0*509. 


Tim© from start (mins.) . . 10 15 25 

[a]M* . +31*5° +27*5° +21*6° 

Tim© from start (mins.) . 35 45 55 

[a]]f . +15-7° .+11-8° +9-8° (constant) 


Solvent, absolute alcohol. Recrystallised material was used, 
c = 2*574. The initial specific rotation was + 15*9° and this re¬ 
mained unaffected for 150 minutes. After adding a trace of sodium 
hydroxide the optical value diminished very slowly. 


Time (mins.) . 5 30 150 300 48 (hours) 

[a]***.. +15-8° +15-7° +14-5° +14-0° +13-6° (constant) 


The dissolved material was recovered and, after recrystallisation, 
proved to be unaltered mannose diacetone. 

Solvent, water . Recrystallised material was used and, owing to 
the limited solubility, only dilute solutions were available. Muta- 
rotation was exceedingly rapid and consequently the initial values 
varied considerably, but the most striking feature of the optical 
changes was the inversion of sign and the subsequent return to a 
small dextrorotation. This is illustrated in the following typical 
case, c = 0*4455. 


me from start. 

mt- 

Time from start. 

Mr* 

5 minutes 

4-11*9° 

1 hour 

-5*6° 

15 „ 

5-6 

2 hours 

—0*6 

25 „ 

3*6 


Inactive 

35 „ 

2*8 

45 „ 

+ 1*1° 


The end value remained constant for 8 hours after the addition of a 
trace of alkali. 

Although the development of a laevorotation was not observed on 
every occasion, the initial dextro-value always diminished and 
thereafter increased. By extraction with chloroform, the dis- 
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solved material was recovered and, after recrystallisation, was 
proved to be unchanged mannose diacetone. 

Solvent , 50% aqueous alcohol . Freudenberg has already recorded 
that mannose diacetone preserves a constant specific rotation in this 
solvent for the first 24 hours and that thereafter the value falls to 
+ 9*2°. For c = 1*2525 and T = 13° we found that in 3 days the 
end-point was [oc] D + 8*5° and that very little further alteration 
took place when,a trace of dilute alkali was added. On halving the 
concentration by the addition of water, the liquid showed [a] D + 0*5° 
and became inactive in the course of 2 hours. 

Condensation of Mannose Diacetone with Phenylhydrazine .—A 
3-5% solution of mannose diacetone was prepared in absolute 
alcohol containing recrystallised redistilled phenylhydrazine (1 mol. 
plus 10% excess). The solution was preserved at 12° in the dark, 
polarimetric readings being taken at intervals. 


Time from start. 

Mf* 

Time from start. 


0 minute 

+18-0° 

10 days 

-f8*4 c 

2 days 

13*3 

i4 

9*8 

4 „ 

8*7 

19 „ 

12*7 

6 „ 

4*2 

28 „ 

15*6 

7 „ 

7*0 




The results are typical of the condensation of a reducing sugar with 
the base, and indicate the superposition of an initial rapid reaction 
on a subsequent slower change. On isolation in the usual manner, 
the phenylhydrazone proved to be a syrup, which was not further 
examined. 

Condensation of Mannose Diacetone with Aniline .—A 3*6% solu¬ 
tion of mannose diacetone in absolute alcohol containing five times 
the theoretical amount of pure aniline was preserved in the dark at 
the temperature of the room. Polarimetric readings showed that 
two consecutive reactions then ensued. 


Time from start. [a],,. 

0 minute + 16-5 0 

1 day 16*6 

3 days 27*6 

6 „ 37*9 


Time from start. [a] D . 

10 days +50*5° 

12 „ 66*4 

14 „ 68*6 

17 „ 63*1 


At this stage the crystalline product began to separate and the liquid 
after filtration was concentrated to a small bulk at 15°/15 mm. 
dusters of needles were thus obtained in excellent yield and, after 
purification from light petroleum, the product melted at 114° 
(Found: C, 64*7; H, 7*6; 1ST, 4*2. Calc, for mannose diacetone 
| anilide,C,64*5; H,7*5; N,4*2%). Mannose diacetone anilide is lsevo- 
hut, in common with sugar anilides generally, displayed 
mutarotation in absolute alcohol. 
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Time from start. 

M*. 

Time from start. 

[a]*. 

5 minutes 

— 118*3° 

50 hours 

Inactive 

15 „ 

118*3 

4 days 

+ 39*8° 

50 „ 

106*9 

5 „ 

50*2 

180 „ 

88*7 

6 „ 

72*8 

5 hours 

69*4 

8 „ 

79*6 

20 „ 

22*7 

12 „ 

83*0 

30 „ 

12*5 


(constant) 


The results when plotted on a curve showed a marked resemblance 
to th6se given by mannose anilide, although the whole of the 
rotations are shifted markedly in the dextro-direction. The anilide 
was recovered unchanged from the above solution. 

Condensation of Methyl Alcohol with Mannose Diacetone .—A 3% 
solution of mannose diacetone in dry methyl alcohol containing 
0*1% of hydrogen chloride was maintained at 17°, polarimetric 
readings being taken at intervals. 


Time from start. 

Mf- 

Time from start. 

MT- 

0 minute 

+ 13*6° 

8 hours 

+ 18*9° 

2 hours 

16*0 

24 

21*1 

3 ,» 

17*1 

48 „ 

21*7 

4 „ 

17*9 

72 „ 

21*7 


The acid was removed with silver carbonate, and the filtrate taken 
to dryness in a high vacuum, the residue then remaining being 
extracted repeatedly with dry ethyl acetate in the cold. On removal 
of the solvent under diminished pressure a syrup was obtained which, 
as it reduced Fehling’s solution slightly, was taken up in cold ether 
and filtered from a small quantity of reducing material. The ether 
was then evaporated and the syrup isolated by redistillation, a 
fraction, b. p. 115—125°/0*3—0*7 mm., being collected. The 
distillate consisted of a mixture of methylmannoside diacetone 
(64%) and unchanged mannose diacetone (36%). The conditions 
of the condensation with acid methyl alcohol were varied, and it was 
ascertained that when the reaction was continued until all the 
mannose diacetone had disappeared, the bulk of the product then 
consisted of y-methylmannoside. This was isolated by solution 
in cold ethyl acetate, the syrup thus extracted being afterwards 
treated with ether to remove extraneous products. The mannoside 
was obtained as a colourless syrup which slowly crystallised owing 
to its spontaneous conversion into the a-form. 

Acknowledgment is made to the Department of Scientific and 
Industrial Research for a grant awarded to one of us. 

United College of St. Salvator and St. Leonard, 

University op St. Andrews. [Received, March 2nd, 1926*] 
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CXLII.— Ethyl Hydrogen Sulphate. Part II. 

By M. Abdul Hamid, Kirpal Singh, and Horace Baeratt 

Dunnicliff. 

Several subjects not investigated by Dunnicliff and Butler (J., 
1921, 119 , 1384) have been studied. 

Preparation of Ethyl Hydrogen Sulphate, —Attempts to prepare 
the pure ester have been made by the following methods : 

1. By the action of hydrogen sulphide on lead ethyl sulphate 
(a) dry, (6) in alcoholic solution, and (c) suspended in ether. No 
action took place in the absence of water. 

2. Passing ethylene into (a) sulphuric acid, (6) an ethereal solu¬ 
tion of sulphuric acid, and ( c) alcoholic sulphuric acid. Only very 
impure products were obtained. 

3. Extraction of such sulphates as Ag 2 S0 4 ,H 2 S0 4 , BaS0 4 ,H 2 S0 4 , 
and Li 2 S0 4 ,H 2 S0 4 gave a mixture of sulphuric acid and ethyl 
hydrogen sulphate in ether. 

4. Barium ethyl sulphate, Ba(C 2 H 5 *S0 4 ) 2 ,2H 2 0, was prepared in 
the ordinary way. On treatment with dry alcohol, the anhydrous 
salt, Ba(C 2 H 5 *S0 4 ) 2 , was formed. In order to start with an alcoholic 
sulphuric acid in which the free sulphuric acid was a minimum, 
20% alcoholic sulphuric acid was taken after standing for a month. 
The percentage esterification of the sulphuric acid was 85. The 
free sulphuric acid was estimated. Barium ethyl sulphate in excess 
of the calculated amount required to react with the free sulphuric 
acid present was added to a weighed quantity of the alcoholic 
sulphuric acid and well shaken. The mixture was filtered and the 
filtrate heated with excess of barium ethyl sulphate under reduced 
pressure on a water-bath. When no more distillate was obtained, 
the residue in the flask was (a) filtered off or ( b ) extracted with 
dry ether in an apparatus of the Soxhlet type specially arranged 
for the extraction of liquids. It was hoped that the filtrate from 
(a) and the residue after driving off the ether from ( b ) would be 
free from sulphuric acid and probably from water and alcohol. 

Among a large number of determinations of the equivalent 
weight of the ester so prepared, nine samples gave values which 
were within experimental error of the theoretical value, 126. The 
others were either high or low. The ester darkened on standing 
and the equivalent weight fell owing to the formation of free 
sulphuric acid. After some months, some preparations became 
ipack aoid free carbon was among the products of decomposition. 
^A ttempts. were; made' to determine the composition of several of 
; ^JS^samptes. by combining the results of analyses by combustion, 
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estimation of sulphate by the barium sulphate method, and deter¬ 
mination of esterification by the volumetric method. The greatest 
degree of purity obtained showed a yield of 84*5% of ester. A 
typical analysis was : Equivalent weight, 126. C 2 H 5 *HS0 4 , 64-9; 
H 2 S0 4 , 13-7; C 2 H 5 *OH, 10-0; H 2 0, 11-8; total, 100-4%. 

5. By the action of dry hydrogen chloride on anhydrous barium 
ethyl sulphate (a) dry, (b) in anhydrous alcoholic solution, and 
(c) in ethereal solution. In the dry state no appreciable action 
was observed. In alcoholic and ethereal solution the Lv^drogen^ 
chloride reacted with the salt, giving insoluble barium 
and ethyl hydrogen sulphate in solution. At first sulphuric * 
was absent but, on concentration either by evaporation ot 
water-bath or at the ordinary temperature in a desiccate-, ait? 
ester decomposed. The solution, at first colourless, slowly turned 
yellow with increasing concentration and, long before the solvent 
was driven off, a strong test for sulphuric acid was obtained. 
This decomposition was not due to the presence of hydrochloric 
acid, because the same result was obtained in the presence of 
excess of barium ethyl sulphate. The potassium salt behaves in a 
similar maimer. 

All attempts to prepare pure ethyl hydrogen sulphate have failed. 
The ester appears to become more unstable with increasing 
. concentration. 

Solubility of Ethyl Hydrogen Sulphate in Ether .—Most books of 
reference state that ethyl hydrogen sulphate is insoluble in ether. 
Since pure ethyl hydrogen sulphate has not been prepared, it is 
difficult to say if this is so, as all ethereal solutions of the ester in 
ether contain some sulphuric acid. Determinations of the solu¬ 
bility of the ester at 30° in presence of a small percentage of sulphuric 
acid show that the concentration of the ethyl hydrogen sulphate 
diminishes as the concentration of free sulphuric acid rises. Extra¬ 
polation of the results indicates that the solubility of pure ethyl" 
hydrogen sulphate in pure ether should be about 1*27 g. of ester 
per 100 g. of dry ether at 30°. 

Table I. 

Solubility of Ethyl Hydrogen Sulphate in Ether containing free 
Sulphuric Acid at 30°. 

Free H 2 S0 4 % 0*092 0*152 0*186 0*314 0*372 0*516 0*533 

C 2 H 6 *HS0 4 % 1*125 1*061 0*999 0*818 0*722 0*509 0*470 

These points lie practically on a straight line, but as the con¬ 
centration of the sulphuric acid increases, the relationship is not 
so simple, e.g., when the concentration of sulphuric acid is 4*06%, 
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the concentration of the ester is 0*242%. If the solution were kept 
for some time, the concentration of the ester would increase on 
account of the interaction between ether and sulphuric acid. At 
the very low concentrations given in the table, the rate of esterific¬ 
ation would be very slow and the total esterification very small. 
As the solutions were estimated immediately after they were formed, 
the. line obtained by plotting the above points may be correctly 
described as a solubility graph. The fact that ethyl hydrogen 
^is soluble in ether may be demonstrated by extracting 
hydrogen sulphate in a Soxhlet apparatus. The liquid 
•>h syphons over eventually separates into two layers, a lower one 
f n ethyl hydrogen sulphate and an upper one poor in the ester, 
xi upper one be separated and allowed to evaporate, the ether 
first becomes cloudy and then a heavy layer of impure ethyl 
hydrogen sulphate separates. 

The Order of the Beaction between Ethyl Alcohol and Sulphuric 
Acid at High Concentrations of Acid .—-In the previous work, the 
velocity of the reaction at concentrations of sulphuric acid above 
13*18% was not studied. The order of the reaction at concentra¬ 
tions of sulphuric acid between 60 and 75% has now been investi¬ 
gated. The practical difficulties encountered in this work were 
very considerable. At 18°, the reaction is very violent, so the 
experiments were carried out at 0°. In order to mix the interacting 
substances, alcohol which had been cooled to — 5° was added 
slowly to super-cooled sulphuric acid. At the highest concentration, 
the acid was cooled to —. 10° and great care had to be exercised to 
prevent it from crystallising out. After the alcohol had been 
added there was no fear of this. The ingredients were thoroughly 
mixed, the flask being always immersed in the freezing mixture. 
When all the alcohol had been added, the reaction vessel was 
transferred to a bowl containing clean crushed ice. As soon as the 
temperature of the reaction mixture rose to 0°, the first portion of 
/the reaction mixture was withdrawn in an ice-cold 1 c.c. pipette 
• and run into a known quantity of standard caustic soda more than 
sufficient to neutralise it, and its weight was determined. The 
proportions in which the sulphuric acid and alcohol had been mixed 
in the reaction mixture were estimated after the experiment. The 
esterification was measured and the value of z 9 the time to be added 
to the observed time to compensate for the disturbed period, was 
calculated as previously described (foe. cit. 3 p. 1390). 

The object was to obtain : 

1. A minimal esterification during the disturbed period. 

H| As large a difference as possible between the actual time of 
" " ^b#onj % and the correction, z, to be added. 
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3. A final total esterification several multiples of the esterification 
during the disturbed period. 

The results in Tables II to IV show conclusively that, as in the 
case of low concentrations of sulphuric acid, the reaction is of. the 
first order even when 1*44 molecules of sulphuric acid are mixed 
with one of alcohol, forming an alcoholic sulphuric acid containing 
74*45% of sulphuric acid. 

x — quantity of ethyl hydrogen sulphate expressed as g.-mol. 
per 100 g. of mixture, and t = the actual time. 
h = {l/(* + s)} log {aj(a — x)}. 


Table II. 


Sulphuric acid — 60*00% = 0-612 g.-mol. — a. 

Ethyl alcohol = 40-00% = 0-869 g.-mol. z = 2-4 hrs. 


X . 

t (hrs.). 

t + z . 

k X 10 3 . 

X . 

t (hrs.). 

t 4“ z . 

k X 10*. 

0-064 

— 

2-40 

16-7 

0*112 

2*90 

5* 30 

17*2 

0*087 

1-35 

3*75 

17*2 

0*122 ’ 

3*78 

6*18 

15*6 

0-099 

2-20 

4-60 

16*7 

0*134 

4-46 

6*85 

Mean 

15*7 

16*5 


Table III. 

Sulphuric acid = 68*14% = 0-696 g.-mol. — a . 

Ethyl alcohol = 31-86% = 0-693 g.-mol. z = 87*6 mins. 


X . 

t (mins.), t + z . 

k X 10 3 . 

x . 

t (mins.). 

if -f* z * 

k x 10 s . 

0*136 

— 87-6 

1*08 

0-292 

137-5 

225*1 

1-05 

0*201 

45-8 133-4 

Ml 

0-330 

193*2 

280-8 

1-00 

Q-267 

105-5 193-1 

1-09 

0-349 

210*0 

297-6 

1*02 






Mean 1*06 



Table IV. 





Sulphuric acid = 75-45% 

~ 0-770 g.-mol. = a, 




Ethyl alcohol 

» 24*55% 

* 0*534 g 

.-mol. z - 

= 85 mins. 

X . 

t (mins.), t -f z . 

k X 10\ 

X. 

t (mins.). 

t -J- z . 

k X 10 s . 

0*187 

— 86-0 

1-42 

' 0-313 

77*5 

162*5 

1-46 

0-245 

31*0 116*0 

1-43 

0-332 

103*5 

188*5 

1-30 

0-284 

52*0 137*0 

1*46 



Mean 1-41 


The mass-action coefficient obtained after 1 molecule of sulphuric 
acid had been allowed to interact with 1*05 molecules of alcohol 
at laboratory temperature for 25 days was 0*5650, and the ethyl 
hydrogen sulphate formed corresponded with 0*5787 g.-mol. These 
values are in agreement with (a) the “ calculated ” esterification 
(loc. m., p. 1387), which was 0*5595 g.-mol., ( b ) the variation in the 
value", of the mass-action coefficient as explained in equation (3) 
{loc. m.) and the general proposition that the ratio 

I actual esterification obtained A 
J maximum possible esterification ~~ serve 

la a minimum when equimolecular proportions of the reacting 



1102 GOLDSWORTHY : THE REACTIVITY OE ALKYL IODIDES 

compounds are employed. Claesson (J. pr. Ohem ., 1879, 19, 246) 
obtained the value 0*5710. 

In some preliminary experiments it appeared that the final 
maximum esterification in an alcoholic sulphuric acid made by 
treating sodium hydrogen sulphate with dry alcohol was less than 
that found in an alcoholic sulphuric acid of the same strength 
made by mixing the constituents directly and that this was due to 


the presence of some sulphate of sodium in 

the first case. This 

has now been shown to be erroneous as instanced by the examples 

given below : 



H 2 S0 4 % in the alcoholic 
sulphuric acid containing 


Theoretical % of 
CaHg-HSO* for 

sodium sulphate. 

C 2 H 6 -HS0 4 % found. 

alcoholic H 2 S0 4 . 

9-46 

10-16 

10-08 

12-86 

13-87 

14-06 

43-50 

44-16 

44-36 


Summary . 



All attempts to prepare pure ethyl hydrogen sulphate have 
been unsuccessful. 


From determinations at 0° of the velocity coefficients of the 
reaction between sulphuric acid and alcohol in which the concen¬ 
tration of sulphuric acid is from 60 to 75%, it is shown that the 
reaction is of the first order. 

The solubility of ethyl hydrogen sulphate in ether containing 
small quantities of sulphuric acid has been determined at 30°. 

Government College, Panjab University, 

Lahore, India. [Received, November 30 th, 1025.] 


CXLIII .—The Reactivity of Alkyl Iodides with Sodium 
Benzyl Oxide . A Criticism . 

By Leonard James Goldsworthy. 

The reactivity of alkyl iodides with sodium benzyl oxide and the 
effect of temperature on such reactions were studied by Haywood 
(J., 1922, 121, 1904), whose reaction mixture consisted of equal 
volumes of iV/5-alcoholic solutions of sodium benzyl oxide and alkyl 
iodide. As the molecular ratio of ethyl alcohol to sodium benzyl 
oxide in such a mixture is about 170, it is extremely improbable that 
Haywood’s velocity coefficients can be a measure of the rate of the 
reaction C 6 H 5 -CH 2 -ONa -f- HI — Nal + C 6 H 5 *CH 2 *OB.. It is more 
likely that in such a mixture the concentration of sodium ethoxide 
Munich greater than the concentration of sodium benzyl oxide, 
Ipifl that the velocity measured by Haywood was really that 
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of the reaction C 2 H 5 # 0Na + .EE = Nal + C 2 H 6 *OR. Although he 
remarked that alcoholysis “ to a certain extent” is to be expected, 
Haywood apparently did not realise the probability that under the 
conditions of his experiments alcoholysis would be almost complete. 

In order to put the matter to the test, the author mixed equal 
volumes of iV'/5-ethyl-alcoholic solutions of sodium ethoxide and 
ethyl iodide and compared the rate of the reaction in this mixture 
at 35° with the rate of the reaction in a mixture of equal volumes of 
N /5-ethyl-alcoholic solutions of sodium benzyl oxide and ethyl 
iodide. The velocity coefficients in the two experiments were 
practically identical. As there was a possibility that this result 
might have been due to coincidence, the reactivities of sodium benzyl 
oxide and sodium ethoxide being the same in ethyl-alcoholic solution, 
two further experiments were performed, in which w-butyl alcohol 
was used as solvent in the place of ethyl alcohol. Here again the 
velocity of the reaction in a mixture of equal volumes of N /5-butyl- 
alcohohc solutions of sodium butyl oxide and ethyl iodide was 
practically the same as the velocity in a mixture of equal volumes of 
N /5-butyl-alcoholic solutions of sodium benzyl oxide and ethyl 
iodide. 

A final experiment was performed as a crucial test, the object of 
which was to isolate and examine the products of the reaction. A 
solution prepared by mixing equal volumes of 2N -ethyl-alcoholic 
solutions of sodium benzyl oxide and ethyl iodide was fractionally 
distilled after sufficient time had elapsed for the completion of the 
reaction (at 35°). If in this experiment no ethyl benzyl ether had 
been formed, the sole reaction being that between sodium ethoxide 
and ethyl iodide, 14-8 g. of ethyl ether should have been formed. 
Actually 11 g. of liquid boiling below 45° were collected and from 
this 6 g. of pure ethyl ether were obtained by further fractionation. 
Thus it is clear that even in a normal ethyl-alcoholic solution of 
sodium benzyl oxide and ethyl iodide the main reaction is that 
represented by the equation 

C 2 H 5 -ONa + C 2 H 5 I = C 2 H 6 -0*C 2 H 5 + Nal. 

In Haywood’s experiments, in which the concentrations were tenth- 
normal, the amount of ethyl benzyl ether formed must have been 
negligibly small. 

Exphrimejttal. 

The ethyl alcohol used in these experiments was commercial 
absolute alcohol, dried by digesting with lime and calcium. The 
ethyl iodide (Kahlbaum’s) was purified just before use by washing 
with dilute alkali and water, drying over calcium chloride, and 
distilling from silver powder. 
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The benzyl alcohol (Kahlbaum’s) was redistilled before use. The 
Ti-butyl alcohol was purified by distillation, after treatment with 
lime. 

All the instruments used were standardised with reference to 
standard instruments. 

During the velocity determinations the temperature, kept 
constant by means of a thermostat provided with an Ostwald 
toluene regulator and stirrer, did not vary more than 0*05°. In the 
preparation of the N /5-ethyl-alcoholic solution of sodium benzyl 
oxide, a weighed quantity of benzyl alcohol was mixed with a 
measured volume of a standard alcoholic solution of sodium ethoxide, 
containing an equivalent quantity of the ethoxide. The mixture 
was then diluted to the calculated volume with alcohol. The 
solution of sodium benzyl oxide in butyl alcohol was similarly 
prepared. The rates of reaction were measured in the manner 
described by Haywood. 

Results .—The velocity coefficients are calculated from the formula 


k = l * JL 

t' a — x' Cttf 


in which x , y, t, a and C Q have the same signi¬ 


ficance as in Haywood’s paper. 


N /40-Hydrochloric acid was used in the titrations. 


1st Expt. Equal volumes of N/5- 
sodium benzyl oxide (in ethyl 
alcohol) and ^r/5-ethyl iodide (in 
ethyl alcohol). 

Temp. 35°. Zero .=» 35*40 c.c. 
y = 38*45 c.c. 


t* 

a ~ x* 

x. 

k x 10* 

120 

27*33 

8*07 

267 

234 

23*06 

12*34 

248 

326 

20*02 

15*38 

256 

441 

17*50 

17*90 

252 



Mean 256 


2nd Expt. Equal volumes of N/5- 
sodium ethoxide (in ethyl alcohol) 
and JV/5-ethyl iodide (in ethyl 
alcohol). 

Temp. 35°. Zero = 35*40 c.c. 



y = 

40*00 c.c. 


U 

a — x. 

x. 

k X 10*. 

45 

32*00 

3*40 

267 

101 

28*75 

6*65 

259 

248 

22*50 

12*90 

261 

319 

20*45 

14*95 

259 



Mean 262 


3 rd Expt* Equal volumes of N /5- 4th Expt. Equal volumes of N/5- 

sodium benzyl oxide (in n-butyl sodium n-butoxide (in n-butyl 
alcohol) and N/5-e thyl iodide (in alcohol) and ^/5-ethyl iodide (in 
n-butyl alcohol). n-butyl alcohol). 

Temp. 35°. Zero — 36*82 c.c. Temp. 35°. Zero = 36*9 c.c. 



V = 

39*84 c.c. 



y = 

40*00 c.c. 


U 

a — x. 

X. 

k x 10*. 

t. 

CL — X* 

X. 

k X 10*. 

62 

33*40 

3*42 

178* 

m 

32*32 

4*58 

169 

187 

28*80 

8*02 

160 

150 

29*95 

6*95 

166 

352 

24*60 

12*22 

152 

273 

26*35 

10*55 

158 



Mean 156 

419 

23*10 

13*80 

153 


Mean 159 

* Omitted in calculating the mean. 

University College, 

; .’Banooon, Burma. [Received, December 28&, 1925.] 
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CXLIV .—The Rate of Reaction between Formic Acid 
and Iodine in Aqueous Solution . 

By Dalziel Llewellyn Hammick and Michael Zvegintzov. 

It has been shown (Hammick, Hutchison, and Snell, J., 1925, 127 , 
2715) that the rate of reaction between bromine and formic acid is 
represented by the mass-action equation 

dx/dt = 7c[H-COO'][X]/{l + [X']/#!} * .... (1) 

in which [X] is the total concentration of free halogen X 2 + X' 3 , 
[X'] the concentration of halogen ion, and K x is the equilibrium 
constant K x = [X 2 ][X']/[X' 3 ]. For bromine, l/K x is of the order 
of 10 and [ Bv r ]jK 1 could not be neglected in comparison with unity. 
In chloriiie and iodine, however, we have two extreme cases. For 
chlorine, K x is large and can be neglected; for iodine, K x 

is small and has the value 1-75 X 10" 3 at 45° (Fedotiev, Z. physikal . 
Chem 1909, 69, 22) and 1*365 X 10“ 3 at 25° (Jakowkin, ibid.,, 
1896, 20, 19). Hence in the case of iodine we may neglect unity in 
comparison with [T]/K x and we should expect to find that, whereas 
the rate of reaction between chlorine and formic acid would be 
practically independent of chlorine-ion concentration, that between 
iodine and formic acid would be inversely proportional to the 
concentration of iodine ion, That is to say, 

dxjdt = k[K-COO'][I]l{lI']IKJ .(1a) 

should represent the course of the reaction in the latter case. Iodine 
reacts at 60° at a convenient rate and results have been obtained at 
that temperature that confirm the conclusion arrived at above. 

Iodine and formic acid, in the presence of potassium iodide, were 
mixed in a glass stoppered flask in a thermostat maintained at 
61*5° ± 025°, the iodine being estimated from time to time with 
standard thiosulphate. In all experiments, the, potassium iodide 
was present in excess (never less than 10 to 1) sufficient to eliminate 
perturbations due to the iodine ion produced during the reaction. A 
zero time-correction was obtained by plotting log a)(a — x) against 
time and extrapolating to zero time. The unimolecular velocity 
coefficients given below have been corrected in this way. 

By analogy with the reaction between bromine and formic acid, 
it is to be expected that iodine would react as follows: 

H-C0 2 H + I 2 = 2HI + C0 2 . 

An experiment was therefore carried out by mixing equal volumes 
of equivalent solutions of formic acid and iodine in presence of 
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excess of potassium iodide and measuring the rate of disappearance 
of the iodine. The results show that the reaction is bimolecular, as 
the above equation suggests. 


Table I. 


[H'COjjH] = A/100. 

[I.] = Nl 100. 

t (mins). 

a — x. 

0*0 

10*9 

4*53 

10*65 

10*08 

10*4 

19*42 

9*95 

25*6 

9*7 


a — x = thiosulphate titre at time U 

k x 10 3 (bimoL 
1 1 _\ 


l/(a — x) — 1/a. coeff.). 

0*00215 4*45 

0*00441 4*37 

0*00826 4*51 

0*01146 4*48 


Influence of Formic Acid Concentration on the Bate of Disappearance 
of Iodine .—In Table II are the results of a series of determinations 
of the unimolecular velocity coefficient for two different concentra¬ 
tions of formic acid. 




Table II. 



[H-COaH]. 

[KT]. 

[1*1* 

k x 10 3 . 


Nl 3 

2A/3 

0*117A Y 

0*117 

0-011A 

0*011 

9*15 \ 
12*2 / 

ratio = 1*34 

A/3 

0*234 

0*011 

4*65 \ 

1*37 

2A/3 

0*234 

0*011 

6*35/ 

A/3 

2A/3 

0*17 

0*17 

0*016 

0*016 

5*85 \ 
8*47 J 

„ 145 


Since formic acid obeys the dilution law, we have approximately 
a 2 /F = K dr where a is the degree of dissociation, V is the dilution, 
and K d is the dissociation constant; hence, for any two dilutions V 1 
and V 2 , we have = V VJV 2 . Thus [H’COO^/pff-COO'^ = 

(“i/^i)/^/^) =z VV 2 IV v For the pairs of velocity coefficients 
given in Table IE, V^V 1 = 1/2 and hence [H'COO'jg/pE'COO']! = 
V2 = 141. If the rate of reaction is proportional to [H*COO'] we 
should expect to find that doubling the concentration of formic acid 
would increase the velocity coefficient in the ratio of 1 to 141. 
The mean of the ratios in Table II is 1-39. 

Influence of Hydrogen-ion Concentration .—Unimolecular velocity 
coefficients were determined in the presence of varying quantities 
of hydrochloric acid. The results of a series of determinations are 
summarised in Table HE. 

Table III. 


[Hcai. 

a. 

[H]. 

h X 10 s . 

k X [H] X 10 s . 

0-066A 

0*844 

0-06A 

3*5 

0*210 

0132 

0*812 

0*11 

1*9 

0*209 

0-198 

0*786 

0*16 

1*19 

0*191 


I r , Under a are the activity coefficients of hydrochloric acid (Ellis, 
$4mer- Chem. Soc., 1916, 38, 535; Noyes, ibid., 1917, 39, 2532). 
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These figures refer to acid at room temperature; in using them at 
60°, we are, of course, assuming that the ratios of activity coefficients 
corresponding to different concentrations are independent of 
temperature. Under [H] are effective concentrations of hydrogen 
ion, calculated from the Law of Mixed Acids (Lewis, “ System of 
Physical Chemistry,” 1921, Vol. 1, p. 255) by the formula [H] = 
jQ/a[HCl]; the dissociation constant for formic acid, K d , is taken as 
2*1 X 10‘ 4 (Ostwald, Z. physikal Chem., 1889, 3, 239); this value 
refers to 18° and hence values of [H] can only be regarded as relative* 
Nevertheless, the constancy of the product k x [H] shows that the 
velocity of the reaction is inversely proportional to the effective 
concentration of the hydrogen ion and therefore directly proportional 
to the concentration of formyl ion. 

Influence of Iodine-ion Concentration .—The concentration of iodine 
ion was varied between 0*1 HiV and 0*350iV by the addition of 
potassium iodide and was always in excess sufficient to mask the 
effect of the iodine ion produced in the course of the reaction* The 
results are in Table IV. 


Table IV. 
|H*C0 2 H] bs Nj 3. 


PU- 

[KJ]. 

k x 10 2 . 

a. 

k X a X [KI] X 10 3 . 

0*012 N 

01171V 

0*915 

0*735 

0*786 

0*11 

0*234 

0*465 

0*689 

0*750 

0*11 

0*351 

0*328 

0*663 

0*762 

0*16 

0*170 

0*585 

0*710 

0*733 

0*0275 

0*292 

0*372 

0*655 

0*733 

0*0335 

0*351 

0*330 

0*663 

0*768 


The values for the activity coefficient, a, are from Mclnnes and 
Parker (J. Amer . Chem. Soc 1915, 37,1445) for potassium chloride 
in the presence of hydrogen ion, no data being available for the 
activity of the iodine ion. The close similarity of the potassium 
chloride and potassium bromide values renders the use of potassium 
chloride values justifiable. The figures do not refer to 00°, and 
hence are assumed to be only relatively correct. The product in 
column 5 shows that the rate of reaction is inversely proportional 
to the effective concentration of the iodine ion, as predicted by 
equation (1a). 

The reaction between iodine and sodium formate in the presence 
of potassium iodide has been studied by Dhar (J., 1917, 111 , 726). 
He concludes that interaction takes place between iodine and formyl 
ions and notices the retarding influence of potassium iodide. He 
explicitly excludes, however, the possibility that this effect is due to 
disturbance of the equilibrium I 2 + I' “ I' 3 , and claims that the 
potassium iodide acts catalytically. He compares two cases in which 
«the concentrations of sodiumo formate are equal and according to 
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the mass-action equilibrium the velocity coefficients should be the 
same, since the ratio of the concentration of potassium iodide and 
iodine is the same in the two cases ” ( loc . cit , p. 730). As a matter 
of fact, the ratio of the two velocity coefficients is & x /& 2 = 
0*00196/0*00378 = 0*52. If we now apply equation (1a) to the case 
of a velocity determination in which [H*COO'] and [I'] are con¬ 
stant (sodium formate and potassium iodide were in excess in 
Dhar’s experiments), we have on integrating, (1 ft) log a/(a — x) = 
k=z K .K x . [H>COO']/[T]. For two experiments in which 
[H/COO'] is the same in each, we have JApply¬ 
ing this to Dhar’s examples, with the assumption that the 
potassium iodide is completely dissociated, we find fcj/fcg = 
2*7066/5*4132 = 0*50, in excellent agreement with the ratio given 
above. Thus Dhar’s results do not, as he concludes, require us 
to regard the action of the potassium iodide as catalytic, but actually 
provide very good evidence in support of the view embodied in 
equations (l) and (1a) above. 

The Dyson Perrins Laboratory, Oxford. 

The Baixiol and Trinity College Laboratories, 

Oxford. [Received, January 28th , 1926.] 


CXLV *—The Complexity of the Solid State. Part III. 
The Behaviour of Pure Sulphur Trioxide. Part II. 

By Andreas Smits and Pieter Sohoenmaker. 

Continuing our earlier publication on the behaviour of pure sulphur 
trioxide (J., 1924, 125, 2554) we first conclude the description of 
our investigation of the ice-like form. Tables VIII and IX of that 
paper contained the vapour pressures of the solid and the liquid 
phases of the ice-like form when in inner equilibrium up to 49*75°. 
We have since determined the vapour pressure of the liquid in inner 
equilibrium up to 90° with the following results : 


t ... 57*1° 65*4° 74*0° 80-9° 90-2° 

p (mm. Hg) . 1377*2 2041*0 2964*0 3986*5 5794*0 


In order to find the point of intersection of the vapour-pressure 
curves of the solid and the liquid in inner equilibrium we have 
applied the method already used in the study of phosphorus 
{“ Theory of Allotropy,” p. 226 * Z . physikcd. Chem 1916,91, 248). 

equation T In p = —Q/B -f CT, it follows that on 
W In/p as a function of T a straight line will be obtained. 
9 -f 3P In p for the temperature range 0—90*2° are in the 
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second column of Table I, and graphical representation gives two 
straight lines (see Pig. 5, p. 2565, of the earlier paper). 

The two straight lines intersect in the triple point 16*8° and 
T In# = 1467, corresponding with # = 158*5 mm. (Lighty, Berthoud, 
and Le Blanc found 16-79°, 16*85°, and 16-8° respectively.) From the 
slope of the sublimation line, covering the first four temperatures of 
Table I, it follows that G for this line is 25-84, and hence the values 
of QjB for the different observation temperatures may be calculated 
as shown in the third column of Table I. If the mean value of QmlB 
is taken as 6000, the molecular heat of sublimation, is 11900 cal. 

Similarly, the value of O for the liquid vapour pressure line is 
found to be 22-7, and the molecular latent heat of evaporation, 
Q La , based on the mean value of Q-lq/B (see Table I), is calculated 
to be 10100 cal. It further follows that the molecular latent heat 
of fusion, 0 SL , is 1800 cal. (Le Blanc calculated 2220 cal. from his 
determinations.) 

From our determinations, it appears that the boiling point under 
a pressure of 760 mm. is 44*8° (compare Buff, 46—47°; Schultz-Sel- 
lock, 46°; Weber, 46*2°; Lighty, 44*88°; Berthoud, 44*52°), and 
that theTrouton ratio Q L g/T 3 = 10100/317*8 = 31-8, as compared 
with the normal value 22. These results indicate that the liquid is 
more complex than the vapour, and that the solid and liquid phases 
differ but slightly in complexity. We shall return later to this 
phenomenon. 

Table I. 


t. 

T In#. 

Q/B- 


t. 

T In p. 

QIR. 

0-15° 

1043 

6015\ 


35-0° 

1889 

5102‘5-i 

5-0 

1164 

6019 „ 


40*5 

2010 

5106*5 

10*2 

1299 

6019 P'T.i* 

45*0 

2116 

5103 

15*5 

1434 

60211 


49*75 

2222 

5104 

17-6 

1486 

5111 I 


57*1 

2386 

5107 

20-5 

1563 

5109 


65*4 

2579 

5103 

22-5 

1602 

5100 1 

■L + O 

74*0 

2774 

5103 

25*3 

1658 

5113*5! 


80*9 

2934 

5100 

30*65 

1786 

5106 j 


90-2 

3147 

5100 J 


The Insufficiently Dried, Low-melting , Asbestos-like Form . 

The region of the pseudo-system, in which the ice-form of sulphur 
trioxide is situated, is that of a dissociable compound of pseudo¬ 
components, related to each other as polymerides or isomerides, 
these terms being used in the widest possible sense (J., 1924, 125, 
2554). 

The ice-form of sulphur trioxide is one of the two metastable 
modifications. The other generally constitutes three-quarters of 
the pure sulphur trioxide in the bulbs supplied by Kahlbaum; it is 
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like asbestos in appearance and will be referred to as the low- 
melting, asbestos-like form. 

For our more recent work, several bnlbs provided with a septum 
(Kg. 1) were sent to the firm of Kahlbaum and filled with pure 
sulphur trioxide, the ends of the tubes a and b then being sealed. 
Such a bulb, unevacuated, was joined to a high-vacuum pump at 
a by a very short rubber tube connected with a small steel tube 
about 5 cm. in length, in such a way that a was inside the steel 
tube; by moving this tube the point a (previously scratched) could 
be broken. (To prevent the mercury in the pump from reacting 
with the sulphur trioxide, a U-tube cooled in liquid air was placed 


Fig. 1. 


Fig. 2. 



in front of the pump.) After evacuation, the capillary tube a was 
sealed off. 

A second T-piece with a septum, S 2 , was now sealed to the delivery 
tube, a breaker of solid glass carefully placed on the septum S 1 
(Kg. 2), and the tube c sealed to a glass spring indicator, with the 
bulb g and the mantle w still connected through a capillary tube, 
as shown in Kg. 3. Bulb g was connected to a wide horizontal 
U-tube to which were sealed two or four vertical tubes, provided 
with capillaries, and a T-piece with septum, S 3 , with breaker and 
bulb, m. The remaining connexion with the vessel u is evident 
from Kg. 3. 

The whole apparatus was heated while a current of dry air was 
j driven through every tube and vessel, and finally the capillary ends 
|||&t - tfeesei£ubes and vessels were sealed off in succession. The 
bulb being cooled in liquid air, the rest of the 
was evacuated by connecting the delivery tube of vessel 
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Uy which also was cooled in liquid air, with the high-vacuum pump. 
When a high vacuum had been reached, communication between 
the mantle w of the glass spring and the vessel g was stopped by 
sealing off the capillary tube v. The septum S x was then broken 
by shaking the apparatus. By evacuating again, sealing off the 
capillary r, and allowing the sulphur trioxide bulb to attain room 
temperature, a sufficient portion of the sulphur trioxide was distilled 
into g , this vessel being cooled to —80° in a mixture of solid carbon 
dioxide and alcohol. The capillaries p and q were then sealed off. 

The further manipulations necessary to make the apparatus ready 
for vapour-pressure measurements are described in J., 1924, 125, 
2554. 


Fig. 3. 



A part of the sulphur trioxide, obtained in the foregoing way, 
was the ice-form, for we found the vapour-pressure line of this form to 
be as if it were in inner equilibrium. This was in complete agreement 
with the fact that the sulphur trioxide had not been dried by phos¬ 
phorus pentoxide. After the ice-form had been distilled off by 
cooling tube k in liquid air and sealing, the vapour-tension line was 
determined again with the following results : 

Table II. 

P v 

Temp. (mm. Hg). Tlnp. QjB. Temp. (mm. Hg). TInp. 

0*2° . 33-0 955-3 6574 20*25° 162*8 1494 6588 

5-1 49-2 1083 6579 24-85 230*1 1 1620 6588 

10*1 72-3 1212 6590 30*3 334-1 1761 6598 

15-0 106-6 1345 6592 
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The vapour pressures for the not intensively dried, liquid phase were 
the values employed in Table I. 

If T In p is plotted against T } Fig. 4 is obtained, in which two 
straight lines intersect at 32*5° and T In p = 1823 (i.e., p = 398 mm. 
Hg). This temperature is the melting point of the low-melting, 
asbestos-like form under this vapour pressure, if it is in inner equili¬ 
brium, or, in other words, if it behaves as a unary substance. 

The triple point of the low-melting, asbestos-like form is therefore 
situated at 32-5° and 398 mm. Hg. The vapour-tension line for 

this form indicates that the 
value of C in the formula 
T In p = - Q/R + CT is 
27-56. The value of QJR 
at each observation temper¬ 
ature is in Table II, and the 
mean value may be taken as 
6590, whence Q m = 13000 
cal. Since Q LG =^= 10100 cal. 
(see p, 1109), it follows that 
Q& = 2900 cal. 


Fig. 4. 
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The Intensively Dried, Low- 
melting, Asbestos-like Form . 

The method of intensive 
drying, as applied with the 
ice form, is very difficult to 
carry out in this case, since 
it is an arduous task to 
prepare the low-melting, 
asbestos-like form if the 
sulphur trioxide has been 


intensively dried. We have therefore prepared the not intensively 
dried, low-melting, asbestos-like form and begun to dry it in the 
solid 'state, an operation which will take a very long time, perhaps 
several years, for completion. 

In a preliminary trial phosphorus pentoxide was distilled into 
bulb m in the way previously described, The bulb was then 
evacuated, the delivery tube sealed off, the apparatus inverted, and 
the septum S 3 broken by means of the breaker in tube l. The 
apparatus was again set upright; the large hole in the septum was 
thus freed, this being necessary for the drying to take place as 
as possible in the given circumstances. As we feared, the 
" |f Jhe soUd substance was exceedingly slow, the effect after 
^^fsg inappreciable. Finally we tried once more to prepare 
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the intensively dried, low-melting, asbestos-like form from the 
intensively dried, ice-like form, but obtained the high-melting form. 

The High-melting , Asbestos-like Form . 

The Intensively Dried , High-melting , Asbestos-like Form (First 
part).—The apparatus for determining the vapour pressure of this 
form was filled in the way described in our first publication {loc, cit .), 
a bulb, containing pure sulphur trioxide, of the form shown in Fig. 2 
being used. The storing apparatus having been filled with the 
intensively dried ice form (see Fig. 2, loc. cit.), the glass spring 
indicator was first filled with this form. 

By distilling sulphur trioxide alternately from one vessel into 
another, the distilling vessel being at room temperature or slowly 
heated and the condensing vessel cooled in liquid air, it is possible 
to convert the ice form almost completely into the high-melting, 
asbestos-like form; the last traces of the ice form are removed by 
distilling into one of the tubes and sealing it off. 

As shown in our first publication, the dried ice form of sulphur 
trioxide, as in the case of a mixture, exhibits a lower vapour pressure 
after a small portion has been distilled off. This phenomenon, first 
observed with violet phosphorus (“ Theory of Allotropy, 55 pp. 96, 
213), is exhibited in a much higher degree by the high-melting, 
asbestos-like form. The intensively dried, high-melting, asbestos¬ 
like form, obtained in the way mentioned above, showed a very low 
vapour pressure, which remained constant at room temperature. 
At higher temperatures, however, the vapour pressure rises with a 
velocity which decreases with the time. The apparatus being kept 
at constant temperature, this phenomenon has been studied success¬ 
ively with the same filling at 30° and 40°, and with a new filling at 
£0°; the results are shown in Figs. 5, 6, and 7. In these figures the 
curves approach asymptotically a final value, indicated by a dotted 
line. 

Calculating T]xip from the final values of the vapour pressure at 
the three temperatures, we obtain the results shown in Table III. 


Table III. 


u 

p (mm. Hg). 

T In p. 

QI&- 

30° 

120 

1450 

8246 

40 

290 

1780 

8236 

50 

650 

2090 

8246 


The three points obtained by plotting Tlnp against T are collinear 
as shown in the lower line of Fig. 8. 

The behaviour of the high-melting, asbestos-like form agrees 
completely with that of the ice-like form There are only quanti- 
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tative differences, due to the higher temperatures at which the high- 
melting asbestos-like form had to be studied. The velocity of estab¬ 
lishment of inner equilibrium in the intensively dried material being 


TIME1NDA5/S. 


time in DAys. 


oo o 

gr: 


TIME IN DAi/S 

imperceptibly slow at 18°, the initial preparation, highly disturbed 
evaporation, showed an abnormally low vapour pressure, 
■H&f <Bji change. At higher temperatures, however, the 
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velocity becomes greater and is manifested in the vapour pressure, 
which increases until inner equilibrium is reached. Violet phos¬ 
phorus shows exactly the same interesting behaviour (Z. physikal. 
Chem., 1916, 91,249). 

From the vapour-pressure curves of the high-melting form, in 
inner equilibrium, and of the liquid (Table I), we can find the unary 


HBES 


1*1 


mm 


10 20 30 40 50 SO 70 80 90 100 


melting point of the high-melting, asbestos-like form under its own 
vapour pressure, i.e. 3 the triple point S + L + G of this form. The 
two lines obtained by plotting Tin p against Tfor the solid and the 
liquid form (Fig. 8) intersect at t — 62*2° and Thip = 2502, or 
p = 174*3 cm. of mercury. 

As in the case of the ice-like form and the low-melting, asbestos¬ 
like form, we can calculate here the heat quantities. Thus, using 

QQ 
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the relationship T In p = — Q/B + CT, we find (7 = 32*0. The 
mean value of QjR for the three observation temperatures (see 
Table III) is 8240, so that Qsg = 16300 cal. Now we know that 
Qlg = 10100 cal. Hence Q SL = 6200 cal. We see that the 
molecular heat of sublimation and the molecular latent heat of fusion 
are greatest with the high-melting, asbestos-like form, which seems 
to be most complex. 

The High-melting , Asbestos-like Form, dried only by Distillation .— 
Before continuing the description of our experiments with the 
intensively dried, high-melting, asbestos-like form, we wish to state 
here that, starting with the not intensively dried, metastable, ice¬ 
like form, freshly distilled from a bulb of pure sulphur trioxide, and 
carrying out the experiment in the way described above, but in an 
apparatus without phosphorus pentoxide, we have easily obtained 
the stable, high-melting, asbestos-like form dried only by distillation. 

We have examined this form to see if we could determine directly 
the unary vapour-pressure line of the high-melting, asbestos-like 
form. This proved to be impossible, for the substance behaved 
almost exactly like that intensively dried by phosphorus pentoxide. 
As is mentioned in our first paper on this subject, the literature 
states that the substance we call the high-melting, asbestos-like 
form, not intensively dried, shows a very slowly rising vapour 
pressure. Now, as this substance was of course separated from 
the ice-like form by distilling off the latter, it was likely that this 
distillation process was sufficient to lead to the very dry state 
necessary for the existence of the high-melting, asbestos-like form. 
Our method of transforming the ice-like form into the high-melting, 
asbestos-like form is a distillation process repeated several times 
and therefore it was to be expected that our preparation would be 
extremely dry. 

The Intensively Dried , High-melting , Asbestos-like Form (Second 
part).—We have already mentioned that in preparing the inten¬ 
sively dried, high-melting, asbestos-like form the last traces of all 
other forms are distilled off. In this process a part of the high- 
melting, asbestos-like form is evaporated also and the result is a 
high-melting, asbestos-like form of very low vapour pressure, 
constant at the ordinary temperature but rising perceptibly at 
temperatures above 30°. 

We have studied this phenomenon more closely. In an apparatus 
filled with the intensively dried, high-melting, asbestos-like form 
which had stood some weeks in a thermostat at 50° the vapour 
pressure had risen to 591 mm. Hg., and was still rising very slowly. 
. Apart of the high-melting, asbestos-like form was now, distilled off 
of the cond e nsing tubes in liquid air. After this tube 
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had been sealed off, and the apparatus replaced in the thermostat, 
the vapour pressure was found to have decreased enormously, 
namely, from 591 mm. to 37 mm. Hg. The vapour pressure, however, 
rose and readings made at intervals gave results which are repre¬ 
sented graphically in Fig. 9. 

The vapour pressure has risen above the initial pressure, in agree¬ 
ment with the fact that at the start the vapour pressure was still 
rising, although very slowly. The fact that the vapour pressure 
decreases so greatly on partial distillation proves that the high- 
melting asbestos-like form behaves as a mixed crystal consisting 
of at least two components differing largely in vapour pressure. 
These components must be pseudo-components, since after partial 
distillation the vapour pressure is not constant but rises, proving 

Fig. 9. 



that a more volatile part is formed from a less volatile part. Con¬ 
sequently the state for which the vapour pressure is abnormally low 
is a disturbed state of the stable, solid aggregation of the sulphur 
trioxide system. 

As mentioned already, the unary melting point of the high- 
melting, asbestos-like form under its own vapour pressure is 62-2°, 
the pressure being 174-3 cm. Hg. Since it is possible to obtain 
different states of this high-melting asbestos-like form with very 
low vapour pressure it was important to determine the temperatures 
at which melting occurred. Since the glass spring is apt to be 
broken by a sudden rise of vapour pressure, the experiments were 
carried out very carefully, the temperature of the thermostat being 
raised slowly and continuously, so that each experiment lasted 2 or 4 
days. Although this slow working is not favourable for producing 
the largest effect, the results in Table IV were obtained. 

Thus the initial melting points lie respectively 9°, 19° and 26*5° 
above the unary melting point of the high-melting," asbestos-like 
form under its own vapour pressure. With more rapid working it 
should not be difficult to realise still higher initial melting points. 

qq2 
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Table IV. 


Preparation. 

Initial 
m. p. 

Vap. press, 
(cm. Hg) 
at initial m. p. 

Tlnp. 

Vap. press, (cm. Hg) 
of the liquid if in 
inner equilibrium. 

I. 

71*0° 

192 

2601 

266*0 

n. 

81*0 

212 

2711 

400*2 

m. 

88*8 

227 

2796 

642*7 


A very remarkable phenomenon is that as soon as melting begins 
the vapour pressure rises so rapidly that it is very difficult to prevent 
the glass spring from being broken. This phenomenon had been 
expected, for we had already observed that, although the intensively 
dried liquid phase could behave as a mixture at relative low tem¬ 
peratures, at higher temperatures, e.g. } above 50°, the establish¬ 
ment of the inner equilibrium in the liquid took place rapidly. 
According to the theory of allotropy the liquid initially produced 
by the melting of a disturbed state of the high-melting, asbestos-like 


Fig. 10. 



2 , -273°. 


form with a very low vapour pressure, due to the low concentration 
of the volatile pseudo-components, is a liquid, co-existing with this 
disturbed solid state, also having an abnormally low vapour pressure, 
since it contains little of the more volatile pseudo-component. 
Now, whilst the velocity of establishment of inner equilibrium in the 
solid, intensively dried, high-melting, asbestos-like form is slow 
even at, e.gr., 81°, inner equilibrium will be established with great 
rapidity in the liquid. For this state, the vapour pressure at 81° is 
400*2 cm. Hg (value calculated by interpolation), so that, when 
melting begins at 81°, at a vapour pressure of 212 cm. Hg, the 
vapour pressure must rise considerably at constant temperature. 


The determination of the temperature and pressure at which 
^the disturbed solid state under consideration begins to melt is very 
important, for it is evident that these points, where a disturbed solid, 
state co-wrists with liquid and vapour (also not in inner equilibrium). 


■ jpe points on a three-phase line in the pseudo-system. 

^Though the equation d]xLpjdT ^ QfMT* does not hold for a 
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three-phase equilibrium, the curve of T In p plotted against T is 
a straight line, as Fig. 10 shows. 

As is demonstrated in detail in the “ Theory of Allotropy ” (p. 18, 
Fig. 24; p. 28, Fig. 41), the unary melting point under vapour 
pressure is situated where the unary vapour pressure curve, i.e ., 
the vapour pressure curve of the liquid phase in inner equilibrium, 
meets a three-phase line for the co-existing solid, liquid, and vapour. 


Fig. 11 . 



Plotting T In p against T both for the three-phase system and for 
the unary liquid system we obtain Fig. 11, showing the intersection 
of these lines at 62-25° and 174*3 cm. Hg. This is in complete 
agreement with our experiments mentioned on p. 1115. 

Initial Melting Points of the Highly Disturbed States of the High - 
melting , Asbestos-like Form. 

In the vapour pressure determinations of the disturbed states of 
the high-melting, asbestos-like form the rate of heating was very 
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slow, especially at higher temperatures, in order to prevent the glass 
spring from being broken. To ascertain at what temperatures 
melting would occur if the disturbed substance was heated less 
slowly, some tubes were filled with the intensively dried, high- 
melting, asbestos-like form, disturbed as much as possible by partial 
distillation, in the same way as was done in our vapour-pressure 
apparatus. After being sealed off, these tubes were placed in a 
stirred oil-bath, the temperature of which was slowly raised. The 
temperatures at which melting began are in Table Y. 

Table Y. 

Vap. press, (cm.) at Vap. press, (cm.) of 
the moment melting the liquid in inner 
Tube. Initial m. p. began. equilibrium. 

I. 65*0° 179-1 198*7 

n. 77*0 203*7 344*7 

ni. 95-0 238 8 703*6 

It is seen that initial melting points are realised up to 33° above the 
melting point of the same substance if in inner equilibrium. These 
experiments were dangerous, since, as has already been mentioned, 
the liquid formed establishes inner equilibrium and the pressure 
rises suddenly to relatively high values. 

To demonstrate this we have inserted columns three and four in 
Table V. The third column shows the pressure at the moment the 
liquid is formed (the pressure on the three-phase line at the temper¬ 
ature considered here), and the fourth column shows the pressures 
reached when the liquid formed has established inner equilibrium. 
In the last case, the pressure rises from 3*14 atm. to 9*24 atm. 
Obviously the increase of vapour pressure takes place very rapidly 
and in fact caused a very serious explosion on one occasion. 

The Position of the, TJnary System in the Pseudo-system. 

In our first paper on this subject (loc. cit) and in the previous pages 
of this paper we have described the investigations leading to our 
knowledge of the P-T diagram of the unary system sulphur trioxide 
with regard to the equilibria in the vapour phases. 

The schematics! diagram is shown in Fig. 12. 

Further it has proved that the intensively dried phases of sulphur 
trioxide behave like the phases of a mixture. The continuous 
change in the vapour pressure of the ice-like form caused by dis¬ 
tillation enabled the region of the pseudo-system, to which this 
form belongs, to be studied. It is the region of a dissociable com¬ 
pound, forming mixed crystals which, if behaving as a unary 
|i|^bstaiEoe/are a little richer in the more volatile pseudo-component 
||| is tiie ordinary compound. 
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As regards the high-melting, asbestos-like form, this stable 
modification exhibits the phenomenon of falling vapour pressure 
on partial distillation even more strongly than the ice-like form, 
and by studying the states of different vapour pressure we found 
another part of the pseudo-system, namely, that to which the high- 
melting, asbestos-like form belongs. We realised also a part of a 
three-phase line for co-existing vapour-liquid-solid, the last phase 
of which is a mixed crystal of variable composition. 

The unary, high-melting, asbestos-like modification is a mixed 
crystal of the same pseudo-components, with this peculiarity, that 
the pseudo-components are in inner equilibrium. 


Fig. 12. 



T 

S a = ice-like form,; Sjs = low-melting , asbestos-like Jorm ; Sy — high melting , 

asbestos-like form. 

As to the ice-like form, we were fortunate enough to be able 
to study the larger part of the three-phase line of this form, from 
which the conclusion could be drawn that the solid eo-exisiting phase 
was a compound. 

The three-phase line of the high-melting, asbestos-like form 
could only be studied to a small extent, and so far we do not know 
whether this form is a mixed crystal of a compound or a mixed 
crystal of the high-melting pseudo-component. For the present, 
this does not matter, and we will assume here the latter simple case. 

The low-melting, asbestos-like form, which, as already stated, 
is easily obtained so long as the sulphur trioxide has not been 
intensively dried, does not appear or appears only in very small 
quantity if this has been intensively dried. The three-phase line 
to which the unary melting point under its own vapour pressure, 
i.e., the triple point, of this form belongs therefore cannot be studied 
until this form, prepared in the not intensively dried state, is inten¬ 
sively dried. This drying will take several years and therefore we 
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cannot say whether the low-melting, asbestos-like form is a mixed 
crystal of a compound or a misfe d crystal of a second series of mixed 
crystals of the highest-melting pseudo-component. 

Though the answer to this question will be very interesting, it can 
have very little influence on the pseudo-system and the situation 
of the unary system in it which can be deduced from our observations. 

In one or two reviews of ce The Theory of Allotropy ” appears the 
criticism that the phenomenon of allotropy is regarded as being very 
complicated. Now it is most remarkable that by chance the first 
system that could be studied more closely, thanks to the ease of 
drying, not only gives a strong confirmation of the theory but also 
shows that the pseudo-system of the so-called simple substance 
sulphur trioxide is much more complex than the most complicated 
case dealt with in the theory mentioned above. 


Fig. 13. 



We will start with the P-T diagram (Fig. 13). It is the diagram 
of a system of two pseudo-components in which two dissociable 
compounds appear. The minimum melting points of the compounds, 
however, are metastable, since the three-phase lines interseot at 
pressures situated above them. 

The case we have to consider here is not one of the simple cases 
dealt with in the “ Theory of Allotropy ” (pp. 28, 34), but the much 
more complicated one following from these cases if compounds are 
formed. 

a is the triple point of the pseudo-component a, and 1c is the triple 
point of the pseudo-component p. These points are connected by 
four three-phase lines, ae representing the three-phase line for the 
co-existing system a-mixed crystals + liquid + vapour; egg ' the 
line for the co-existing system admixed crystals + 
vapour; ghh r the three-phase line for the co-existing system 
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a^-mixed crystals + liquid + vapour; and hh the three-phase 
line for the co-existing system p-mixed crystals + liquid + vapour. 
We see that the greater part of the three-phase line ghh r represents 
metastable states. 

The position of the unary system in this pseudo-system is given 
by thick lines. The line ABODE is the vapour-pressure curve for 
the liquid in inner equilibrium. Where this curve meets a three- 
phase line of the' pseudo-system a three-phase co-existence of the 
unary system appears. Every one of the three phases is in inner 
equilibrium or, in other words, there appears a unary melting point 
under its own vapour pressure (a unary triple point). The first 
meeting takes place at D, the stable unary melting point under 
its own vapour pressure. Further, the metastable part of the unary 
vapour-pressure line of the liquid still meets two metastable three- 
phase lines, one at C and the other at B. These points are meta¬ 
stable unary melting points under vapour pressure. At every unary 
melting point under vapour pressure, or triple point, three two- 
phase lines meet. The stable sublimation curve, D'D, the stable 
vapour-pressure curve of the liquid, DE, and the stable melting 
curve, DF, meet in the stable triple point and the three curves which 
meet at the two metastable triple points C and B are metastable. 

This figure now represents substantially the P-T diagram of the 
pseudo-system of sulphur trioxide and the position of the unary 
system in that pseudo-system. ABODE is the vapour-pressure line 
of liquid sulphur trioxide in inner equilibrium. A'B is the vapour 
pressure line of the ice-like form in inner equilibrium, and the three- 
phase line egBg' that of the pseudo-system, which is a three-phase 
line for the co-existence of mixed crystals of a compound-liquid- 
vapour. C"C is the vapour pressure line of the low-melting asbestos¬ 
like form in inner equilibrium, and the three-phase line ghQh' 
that of a mixed crystal of a compound + liquid + vapour, 
but it is also possible that instead of a mixed crystal of a 
compound, series of mixed crystals of the (3-pseudo-component are 
existing—which, however, does not change our diagram. 

D'D is the vapour pressure line of the high-melting, asbestos-like 
form in inner equilibrium, and hDlc is a three-phase line of the 
pseudo-system for the co-existing system mixed crystals of the 
[3-pseudo-component + liquid + vapour. 

It is possible that here, instead of mixed crystals of the [3-pseudo¬ 
component, mixed crystals of another compound are co-existing, 
but as we do not know this, we will assume here the simplest case. 
Moreover, for an insight into the connexion of the pseudo- and unary 
systems this question is of little importance. 

At two places now we have been able to penetrate the pseudo- 

QQ* 



1124 SMITS AND sohoenmaeer: complexity op solid state. 

system, (1) in tlie region to which the ice-like form belongs, and 
(2) in the region to which the high-melting, asbestos-like form belongs. 

By distilling off the intensively dried, ice-like form compositions 
different from that of the unary ice-like form could be obtained and 
so it was possible to determine a part of the three-phase line egBg\ 


Fig. 14. 



By distilling off the intensively dried, high-melting, asbestos-like 
form, enormously high effects were realised and states were obtained 
the vapour pressures of which were reduced up to 1 /15 of the vapour 
pressure at inner equilibrium at the same temperature. In this 
oonnexion vapour-pressure lines could be realised lying far below 
|j^|_;pnary vapour-pressure line D'D. 

pfe^onmon enabled us, by continuing these curves, to 
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determine a part of the three-phase line KDk of the pseudo-system. 
Thus the curve T>k could be determined over a range of about 30°. 
The P-T diagram considered here is a diagrammatic one. Drawing 
the observed curves of the most interesting part just as they have 
been found, we get the P-T diagram in Fig. 14. 

Finally we give diagrammatically the melting-point figure (Fig. 
15) corresponding with the constant pressure indicated in the P-T 
diagram (Fig. 13) by p v 

Reference to the Fig. 15. 

“ Theory of Allotropy ” 

(p. 36) will render this 
melting-point figure 
comprehensible at once. 

In connexion with 
our P-T diagram two 
compounds appear giv¬ 
ing mixed crystals. The 
melting points of these 
compounds are situated r J 1 
in metastable regions. 

The line LL X L 2 L 3 speci¬ 
fies the inner equilibria 
in the liquid at different 
temperatures. Where 
this line meets a melt¬ 
ing-point curve of the 
pseudo-system a unary 
melting point appears. 

Three such meetings 
take place, one at L x , 
a second at Lg, and a 
third at L s . The co¬ 
existing phases at the ^ 
unary stable melting 
equilibrium, indicated 
by the liquid phase L x and the solid phase S x v represent the melting 
equilibrium of the high-melting, asbestos-like form,* Similarly, L 2 
and S 2 indicate the metastable co-existing phases of the low- 
melting, asbestos-like form at the metastable unary melting 
equilibrium, and L 3 and S 3 represent the same for the ice-like form. 
The lines S-jS/, S 2 S 2 \ and S 3 S 3 ' specify the inner equilibria of the 

* We prefer here to speak of melting equilibrium and not melting point, 
since in the T-X diagram the melting phenomenon is indicated by two 
points, one representing the solid and the other the liquid phase. 

Q Q* 2 
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stable and of the two metastable solid states at different temper¬ 
atures, under constant pressure. Our P~T and T-X diagrams do 
not show a eutectic, which is most probable if p is a polymeride of a. 

It appears from our study of sulphur trioxide that the te Theory of 
Allotropy 55 has not represented the phenomenon as more compli¬ 
cated than it is. Prom the experiments of H. B. Baker and Mrs. 
Baker as well as our own, it was to be expected that a study of 
substances in an intensively dried state would offer the greatest 
chance of finding out something about the complexity of the so- 
called simple substances and we have found that the two first 
substances which could be obtained easily in an intensively dried 
state, namely, sulphur trioxide and phosphorus pentoxide, showed 
the complexity in a most distinct way. 

Nature is very complex; and the old theory of allotropy is not 
satisfactory, for it cannot be assumed that we have studied acciden¬ 
tally the only substances showing complexity. We have studied 
the substances most easily dried, and we may expect that other 
substances in the intensively dried state will also show complexity, 
for there is little doubt that complexity is a general phenomenon. 

In the next paper we shall deal with the results of our X-ray 
investigations. 

Summary* 

The investigation of the ice-like form of sulphur trioxide has 
been completed. The unary sublimation curve and the unary 
vapour-pressure line of the liquid having been determined, the 
heat quantities can be calculated. The unary triple point is at 
16*8° and 158*5 mm. Hg. 

The low-melting, asbestos-like form has been studied in the not 
intensively dried state, in which it is in inner equilibrium, so that 
here also the heat quantities can be calculated. The unary triple 
point of this form is at 32*5° and 398 mm . Hg. 

The intensively dried, low-melting asbestos-like form cannot be 
prepared from the intensively dried, ice-like form; instead of the 
low-, the high-melting form always appears. The intensive drying 
of the low-melting asbestos-like form must be done with the 
substance in the solid state, and will take perhaps several years. 

The high-melting, asbestos-like form has been studied closely in 
the intensively dried state. It exhibits more strongly than any 
other form the property of diminishing vapour pressure on dis¬ 
tillation. A decrease from 59*1 to 3*7 cm. Hg has been observed. 

. The abnormally low vapour pressures remain constant at room 
.. But ■ at higher temperatures the vapour pressure 
wife a'", velocity which decreases with the time. This 
velocity of the establishment of the inner equilibrium 
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to be imperceptibly slow at 18°. At higher temperatures, however, 
this .velocity increases, and becomes manifest in the increasing 
vapour pressure, until inner equilibrium is reached. The vapour 
tensions asymptotically approach final values, being the values 
corresponding to inner equilibrium. The unary sublimation curve 
of this form has thus been found and the heat quantities have 
been calculated. The unary triple point of this form is at 62-2° 
and 174-3 cm. Hg. 

In a second section the intensively dried, high-melting asbestos¬ 
like form has been considered more closely, and the phenomenon 
of diminishing vapour pressure on distillation studied in detail. 
The initial melting points (and the corresponding vapour pressures) 
of states of different low vapour-pressures lie up to 33° above the 
melting point of the same substance if in inner equilibrium. 

The observed phenomena prove that the high-melting asbestos¬ 
like form is a mixed crystal of at least two pseudo-components 
differing widely in volatility and melting point. 

Application of the theory of allotropy to these results enables 
the position of the unary system in the pseudo-system to be 
deduced. This position is given in a P-T diagram and in a T-X 
diagram and by its means the observed phenomena can easily be 
demonstrated. 

This study shows most clearly that nature is very complex, and 
the old simple theory, being unsatisfactory, is to be replaced by the 
theory of allotropy. 

The University, Amsterdam. [Received, January 21 st, 1926.] 


CXLVL —Preparation of Nickel Membranes for 
Ultra filtration. 

By John Manning. 

The membranes which have hitherto been used for ultrafiltration 
have usually been prepared by impregnating filter-papers with 
nitrocellulose dissolved in acetic acid or in a mixture of ether 
and alcohol. They can neither be used at high temperatures nor 
with solvents such as acetone. In this communication are described 
membranes, prepared by the electrical deposition of nickel on fine 
nickel gauze, which can be used at high temperatures and in the 
presence of organic solvents. 

The apparatus shown in the figure is made of nickel-plated 
phosphor-bronze. The two flanges are bolted together with the 
membrane between. The membrane alone could not stand the 



1128 


MANNING! 


high pressure involved and was therefore supported by a mekel 
disc through which several holes had been drilled. Various materials 
were tried as washers, but the most suitable was a pure silver-wire 
ring softened by annealing. This was flattened between the 
flanges when they were screwed together and made a very satis¬ 
factory joint. The apparatus could be used with pressures up to 


A 



sixteen atmospheres. 

As a foundation for the 
membrane, fine nickel gauze 
(mesh 200) and, in later experi¬ 
ments, phosphor-bronze gauze 
was used. 

In the early work, a nickel 
sheet of suitable size was made 
the anode in a solution which 
was agitated by using the cathode 
itself as a vertical stirrer. The 
solutions were similar to those 
used for ordinary nickel-plating, 
containing, for example, 120 g. 
of nickel sulphate, 22*5 g. of 
ammonium chloride, and 15 g. of 
boric acid per litre. With the 
current densities first used, 
smooth, even, and hard deposits 
were obtained, perforated with 
small holes. If the plating pro¬ 
cess was continued until these 
were filled in, the rest of the 


XJUrafilter. 

A Screw for pressure gauge. B Boles 
for 4f" bolts . C Silver ring. D Mem¬ 
brane . E Silver washers. F Perforated 
nickel support for membrane. G As¬ 
bestos compressed against glass tube. 
H Thick glass tube. 


membrane became entirely im¬ 
permeable. With high current 
densities, i.e.> 2 amps, per 4 sq. 
in., at 3*3 volts very irregular 
deposits were obtained. As the 
current density and E.M.F. 


were decreased, the character of the deposit changed; it became 
less hard and darkened in colour and, at 0*3—0*5 amp. per 4 sq. in. 
at 0*9—Id volts, the resulting membranes were almost black and 


fairly regular. The suitability of the above membranes for ultra¬ 


filtration was tested by means of the following experiments. 

A colloidal solution of silver in stearic acid, prepared by the 
^reductim of silver stearate suspended in the acid (Giles and Salmon, 
1,23,1600)', was filtered at 140° under a pressure of 2 atmo-. 
v£optfe 0 % clear stearic acid came through, the colloidal 
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metal being entirely retained as a blue deposit on the membrane. 
A second experiment was carried out with a solution in which 
only partial reduction had taken place* so that there was present 
a considerable excess of silver stearate. In this case, silver was 
found in the filtrate, which was colourless, showing that, although 
the colloidal metal had been retained, the silver stearate, which we 
believe to exist as simple molecules, passed through the membrane. 

These membranes would also successfully filter arsenic sulphide 
and ferric hydroxide hydrosols, but they were not satisfactory 
with solvated organic colloids, such as gelatin in water, or nitro¬ 
cellulose in ether and alcohol. It seemed probable that filtration 
was taking place through a small number of holes, whilst the rest 
of the membrane was practically solid. These holes, which would 
retain inorganic solids and permit the passage of the solvent, 
became rapidly blocked up with gelatin. It was therefore necessary 
to obtain a more porous and open deposit, and experiments were 
carried out to determine the effect of changes in the composition 
of the plating bath on the character of the deposit. 

The presence of nickel chloride is usually considered, to give a 
soft deposit; consequently, membranes were prepared by plating 
in solutions of that salt (100 g. of nickel chloride, 20 c.c. of con¬ 
centrated hydrochloric acid, and 1500 c.c. of water), hydrochloric 
acid being added to give a continuous evolution of gas at the cathode 
and thus increase the porosity of the deposit. At low current 
densities, the membranes were more smooth and even than with 
higher current densities, but contained green patches due to the 
high concentration of chlorine ions present; consequently, in later 
experiments, sulphuric acid was used instead of hydrochloric acid, 
and nickel sulphate was substituted for a part of the chloride. 
Table I shows the effect of varying the relative proportion of 
chloride and sulphate in the plating bath, the most effective 
membranes being obtained when the ratio of sulphate to chloride 
was 50 to 80. 

The effect of varying the hydrogen-ion concentration on the 
nature of the membrane was also investigated. In one experi¬ 
ment, boric acid was used instead of sulphuric acid, in the hope 
that it would act as a hydrogen-ion regulator. Deposits in this 
case were hard with bright streaks and not efficient for filtration. 
In later experiments, the following plating mixture was used: 
100 g. of nickel sulphate, 80 g. of nickel chloride, 20 g. of sodium 
acetate (3H 2 0), and 1500 g. of water. The membranes which 
were obtained were suitable for ultrafiltration and were much less 
brittle than those prepared from previous solutions. With a still 
larger proportion, of acetate the membranes became greenish and 
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Table I. 


The bath contained 1500 c.c. of water, 5 c.c. of concentrated 
sulphuric acid, and weights (g.) of nickel chloride and sulphate as 
indicated. 

Current densities: 1-1 amps, down to 04 amp. per 4 sq. in. 
Potential difference: 3*5 volts for 1 hr. and 2 volts for about 
18 hrs. 


Bath. 


Remarks on membranes. 


NiSO*. 

MC1 2 . 

Appearance. 

Thickness. 

0 

100 

Black. 

Flimsy. 

20 

100 

Greenish. 

Denser. 

40 

80 

99 

99 

50* 

80 

Brown, sometimes 

99 

120 

120 

20 

0 

greenish. 

Irregular. 

No deposit from acidified solutions. 


Filters 


light blue and 
gelatin. 

Fight blue and 
cellulose acetate. 


* The 3rd and 4th membranes prepared from this bath were much better 
than the first two. The bath was filtered and acidified with 5 c.c. of con¬ 
centrated sulphuric acid before each successive plating operation. 


still more pliable. In the next paragraph are described experiments 
carried out with these membranes. 

UltrafiLtmtion of Gdlubse Acetate in Acetone and, Water .—Cellulose 
acetate was dried and dissolved in a mixture of acetone and water, 
the acetone having been purified by the method of Werner and 
Shipsey (J., 1913, 103, 1255). Solutions of known concentration 
were prepared in tightly-corked fiasks and, to prevent evaporation, 
were transferred to the ultrafilter through glass tubing. The 
filtration of 3 to 5 c.c. took from 10—15 hrs. at a pressure of 10—14 
atmospheres and, to avoid loss of acetone by evaporation, the 
filtrate was allowed to fall directly into a known weight of water. 
The acetone was estimated by Messenger’s method ( Ber ., 1888, 
21, 3386). The results of three experiments are shown in Table II, 
the figures in the column t£ Cellulose acetate ” showing the weight 
(g.) added to 100 g. of mixed acetone and water. 


Table II. 

Concentrations after 

Initial concentrations. ultrafiltration. 


Cellulose 

acetate. 

Acetone %. 

Water %. 

/— -" 

Acetone %. - 

Water % 
(by difi.). 

3-25 

74*9 

25*1 

75 *5 

24*5 

5*41 

68-0 

32*0 

68*3 

31*7 

3*73 

71*1 

28*9 

71*7 

28*3 


jj§k The saM^oal error is about 1%. 

the acetone would be expected to fall on 
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account of its volatility, but, on the other hand, there appears to 
be a slight increase in concentration in the filtrate, indicating 
apparently that water is taken up by cellulose acetate (from these 
mixtures, at any rate) to a greater extent than acetone. 

Ultrafiltration of Sodium Stearate. —Solutions of sodium stearate 
of concentrations lying between Nj2 and N/6 were ultrafiltered at 
a temperature between 80° and 90°, the whole ultrafilter being 
surrounded by an electric oven. In every case, only a negligible 
amount of stearic acid penetrated the membrane, whilst the alkalinity 
of the filtrate was always less than O01JV, indicating that membrane 
hydrolysis had not taken place to any considerable extent. 

Solutions of casein and gelatin were also successfully filtered 
by means of this membrane. In the case of 0-5% gelatin sols, 
extremely small quantities of gelatin passed through the filter at 
16°, but, on raising the temperature to 45°, the gelatin almost 
entirely passed through. This means that the particles present 
at the higher temperature are too small to be retained. If we 
accept the view, which will be discussed in a later communication, 
that the difference between gelatin at these two temperatures is 
due to the secondary linking up of particles, then the primary 
particles of gelatin are considerably smaller than is usually 
believed. 

Determination of Size of Pores. —One of Bechhold’s methods for 
the determination of the size of pores depends on the minimum air 
pressure which will produce bubbles through the membrane covered 
1 mm. deep with water. 

Some irregularities in the membranes were detected by this 
method, one or two large holes usually being found. In a particular 
case, at a pressure of 3-5 atmospheres there was bubbling at one 
hole, at 4 atmospheres at 5 holes, and at 4-8 atmospheres the 
bubbling became general. In view of the results obtained, it 
seems probable that these large holes are very quickly blocked up 
during filtration. It was observed many times that initially the 
colloid came through, but was retained after the first few drops. 

The finest membranes obtained contained pores of between 
50—80 mi, the size increasing as the nickel sulphate content of the 
plating bath increased, until the average size of the pores was 300 ntx, 
for a bath containing 90 g. of nickel sulphate, 80 g. of nickel chloride, 
1500 g. of water, and 5 c.c. of concentrated sulphuric acid. 

Summary. 

Membranes have been prepared by nickel plating on bronze 
or nickel gauze which are capable of retaining most colloids on 
ultrafiltration. They can be used at high temperatures, and with 
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solvents which will attack the usual membranes. The average size 
of the pores can be controlled by varying the plating bath, so that 
they can be used for fractional filtration. 

The author is indebted to the Department of Scientific and 
Industrial Research for a grant which enabled the above work to 
be carried out, and also to Mr. C. S. Salmon, who suggested the 
subject and continually gave very valuable advice in the course 
of the experiments. 

King’s Coixege, London. [Received, January 29 th , 1926.] 


CXLVII.— Ring-chain Tautomerism. Part XV. The 
Phenol-succineins and -glutareins. 

By SrKHiBHTJSHAjsr Dutt. 

In a previous paper (Dutt and Thorpe, J., 1924, 125, 2524) it 
was shown that the effect of increasing complexity of the substit¬ 
uents R and R x in fluoresceins and rhodamines, derived from 
aa-disubstituted succinic and p p - disub s tituted glutaric acids, of 
the following constitutions - 




Succinylfiuoresceins; X = OH. Glutarylfluoresceins; X = OH. 

Succinylrhodamines; X = NMe a . Glutaxylrhodaroines ; X = NMe a . 


is to diminish the tetrahedral angle (0) between the directions of 
the two remaining valencies of the substituted carbon atom; the 
stability of the lactone ring is thereby progressively increased, and 
consequently the amount of open-chain coloured quinonoid deriv¬ 
ative produced by the action of alkalis and acids on these com¬ 
pounds progressively dim i nishes. The results of that research, 
which were based on spectroscopic data, were in complete accord 
withi^ obtained by Thorpe and his collaborators, working 

the same problem from other points of view* 
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The phenolsuecineins (I) and phenolglutareins (II), 



where RE X represent HH, MeMe, MeEt, EtEt, and the cs/cfohexane 
residue, have now been prepared and their absorption maxima deter¬ 
mined. The results obtained are in complete agreement with those 
found in the cases of the corresponding fluoresceins and rhodamines 
(loc. cit.) and thus serve to confirm the generalisation stated 
above. 

Like phenolphthalein, the phenol-succineins and -glutareins 
described in this paper are all colourless, crystalline substances 
which dissolve in alkalis with a bright pink colour, the mechanism 
of transformation from the colourless (I) to the coloured form 
(III) being the same as in the cases of the fluoresceins and rhod¬ 
amines, viz., fission of the lactone ring and formation of a quinonoid 
substance. The red quinonoid form is stable only in alkaline solu¬ 
tion, the stability being due to salt formation at the carboxyl 
group, and on acidification reverts to the original colourless lactone 
form. 

Green and Perkin have shown (J., 1904, 85, 398) that the gradual 
disappearance of the deep pink colour produced by treating 
phenolphthalein with an excess of alkali is due to the formation of 
a carbinol salt, (0Na*C 6 H 4 ) 2 C(0H)*C 6 H 4 *C0 2 N'a J produced by 
hydration of the quinonoid form, 0Na-C 6 H 4 *C(I0 6 H 4 I0)‘C 6 H 4 *C0 2 lSra. 
On acidifying the colourless solution of the carbinol salt, the free 
carbinol is obtained, which spontaneously loses water and is recon¬ 
verted into the original lactone. 

In presence of alkali, the phenolsuecineins and, very much more 
rapidly, the phenolglutareins undergo changes similar to the above, 
only a slight excess of alkali being necessary to produce them. In 
fact, the normal red quinonoid salts of the phenolglutareins are 
unstable in solution even in the absence of an excess of alkali. 
These salts, which have an alkaline reaction in solution, probably 
dissociate into the monoalkali salts and alkali hydroxide: 

ONa-C 6 H 4 -G(:C 6 H 4 :0)-OE[ 2 -CRR 1 -CH.-CO S! Na52 > 

H0-C 6 H 4 -C(:C 6 H 4 :0)-CH 2 -CRR 1 -CH 2 -C0 a Na + NaOH. 
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The liberated alkali then brings about hydration at the quinonoid 
linking, the carbinol derivatives being formed. The red quinonoid 
forms, however, are more stable in very dilute solution. 

The carbinol derivative of phenolglutarein, 

(HO-C e H 4 ) 2 C(OH)*CH 2 -GH 2 -CH ? -0O 2 H, 
has been isolated as a colourless, crystalline substance. It is 
stable under ordinary conditions, but is converted.into the lactone 
by the action of heat or dehydrating agents, such as concentrated 
hydrochloric or sulphuric acid, anhydrous zinc or aluminium 
chloride, and stannic chloride. The carbinol derivative of phenol- 
P-methylglutarein is very unstable and, although capable of isol¬ 
ation, passes into the lactone in the course of a few minutes. No 
carbinol derivative could be isolated from any of the remaining 
phenol-succineins or -glutareins. 

The rate of hydration of the phenolglutareins under the influence 
of alkali, the end-point being where the red solution became colour¬ 
less, was, under exactly similar conditions, slowest in the case of 
phenolglutarein, and progressively increased with the complexity 
of the substituents in the glutaric acid residue. 

From the table (p. 1139) showing the relative rates of hydration 
of the various phenolglutareins in different concentrations of alkali, 
it will be seen that in dilute solution the rate is almost unaffected 
by the concentration of the alkali, thus proving that the change 
is a unimoleeular one. The hydration of the phenolsuccineins was 
so slow and irregular that trustworthy measurements could not be 
made. 

Stannic chloride is the only agent that has been found to bring 
about the condensation of phenol with succinic and glutaric acids 
and their substituted derivatives in the desired direction and in a 
satisfactory maimer; with fused zinc chloride and with hydrogen 
chloride, the yields obtained are practically valueless. Strong 
sulphuric acid and phosphorus oxychloride produce the diphenyl 
esters of these acids, and anhydrous aluminium chloride produces 
complex pyrone derivatives which are probably similar in constitution 
to o-phenolphthalein anhydride. 

Experimental. 

Phenolsuccinein ,—The preparation of this compound is attended 
with difficulty on account of the ease with which it becomes hydrated 
to the carbinol derivative and subsequently further decomposed 
into simpler substances. Dilute alkalis effect this change very 
quickly; even long contact with water, dilute alcohol, or dilute 
brings about the same transformation. The effect is quickened 
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by heating. But once the compound has been isolated and dried, 
the rate of hydration becomes very much slower. After a trial 
of various methods the following was adopted for the preparation 
of this compound: 

A mixture of 12 g. of succinic acid, 25 g. of phenol, and 13 c.c. 
of stannic chloride was heated on the steam-bath for 4 hours, the 
melt treated with pure dry ether, and the insoluble salmon-coloured 
crystalline compound filtered off and washed with absolute alcohol- 
ligroin (1:3 by vol.). The almost colourless residue, containing 
tin salts, was dissolved in cold absolute alcohol, dry hydrogen 
sulphide passed through the solution, the excess of the gas removed 
by carbon dioxide, and the filtdted solution concentrated in a 
vacuum at the ordinary temperature; addition of light petroleum 
then precipitated phenolsuccinein in colourless needles. This 
compound and the succeeding ones are described in the tables. 

Phenol-as-dimeihylsuccinein. —A mixture of as-dimethylsuecinic 
acid (1 mol.), phenol (2 mols. plus 20% excess), and stannic chloride 
(1 mol. plus 20% excess) was heated on the steam-bath for 4 hours, 
the melt poured into water, and the excess of phenol distilled in 
steam; the condensation product solidified, on cooling, to a mass 
of crystals in a matrix of brittle, dark brown, resinous matter. 
The latter was removed by washing the finely-powdered product 
with absolute alcohol-ligroin (b. p. 70—80°); the almost colourless 
crystalline residue recrystallised from alcohol (animal charcoal) in 
long, colourless, silky needles. 

Phenolsuccineins were obtained from as-methylethyl-, os-diethyl-, 
and os-cycZohexane-succinic acids by exactly similar methods. 

Phenolglutarein. —The rapid hydration of this compound and 
subsequent decomposition into simpler substances make its prepar¬ 
ation exceedingly difficult. 

The lactone form was obtained from a mixture of glutaric acid 
(13 g.)> phenol (25 g.), and stannic chloride'(13 c.c.) by the method 
for preparing phenolsuccinein. It crystallised from absolute 
alcohol-ligroin in colourless, silky needles. 

Quinonoid form . The ethereal filtrate in the preceding prepar¬ 
ation was shaken with concentrated hydrochloric acid to remove 
tin salts, the ether distilled off, and the residue, after addition of 
an equal volume of 50% sulphuric acid, distilled in steam until 
phenol ceased to pass over. The red, sticky substance in the 
distilling flask was extracted with ether, the ethereal solution dried, 
diluted with ligroin, and allowed to evaporate at the ordinary 
temperature. After a month, the gummy residue had partly 
solidified, with separation of small crystals. These were spread 
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on a porous plate, washed free from the sticky mother-liquor with 
absolute alcohol-ligroin (1:4 by vol.), and recrystallised from 
ether; glistening, red prisms were thus obtained which, on heating, 
decomposed without melting. The substance changed into the 
colourless lactone form after contact with concentrated hydro¬ 
chloric acid for several days or when its solution in concentrated 
sulphuric acid was poured into ice-cold water (Found: 0, 71*5; 
H, 6-8. C 17 H 16 0 4 requires C, 71*3; H, 5*7%), 

Carbinol form. The sticky mother-liquor was extracted from the 
porous plate by sodium carbonate solution, in which it dissolved 
with a bluish-red colour, but the solution soon became colourless. 
On acidification, a colourless solid was precipitated which crystallised 
from dilute alcohol in glistening, white needles, m. p. 220° (Found : 
C, 67-3; H, 5*8. C 17 H 18 0 5 requires C, 67*5; H, 5*9%). 

The carbinol can also be prepared by dissolving the quinonoid 
or the lactone form in aqueous sodium carbonate or hydroxide 
and, after the dark red colour has disappeared, acidifying the 
solution with hydrochloric acid. An alkaline solution of the 
carbinol quickly decomposes in contact with air; from the pro¬ 
ducts of decomposition phenol and p -hydroxybenzoic acid have 
been isolated. 

Phenol- $-methylglutarein. —Only the lactone form of this com¬ 
pound was obtained by the method for preparing phenolglutarein. 
The carbinol derivative was obtained by keeping a solution of the 
lactone in dilute aqueous sodium hydroxide until the pink colour 
had disappeared, and then acidifying with dilute hydrochloric 
acid, filtering off the precipitated lactone, and extracting the 
filtrate with ether; on rapidly evaporating the ether in a current 
of air, the carbinol was obtained as a colourless, crystalline sub¬ 
stance which in the course of about 15 minutes changed completely 
into the lactone. Immediately after isolation, it dissolves in 
aqueous sodium hydroxide, forming a colourless solution, but in a 
few minutes this begins to exhibit the red colour of the quinonoid 
form. Under no conditions could the carbinol be obtained in a 
stable form* 

Pheml‘$$~dimeihylglutarein. —A mixture of 16 g. of |3(3-dimethyl- 
glutaric acid, 25 g. of phenol, and 13 e.c. of stannic chloride was 
heated on the steam-bath for about 4 hours; after cooling, the dark 
red melt was dissolved in moist ether. The ethereal solution was 
thoroughly washed with ice-cold dilute hydrochloric acid, water, 
and sodium bicarbonate solution, and then shaken with a saturated 


spfation of sodium carbonate for 3 hours. The aqueous layer was 
acidified withhydrochloric acid, and distilled in steam 
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to remove phenol. The yellow, sticky residue was extracted 
with ether, the ether evaporated, and the residue thus obtained 
was acetylated by boiling with twice its volume of acetic anhydride 
and a few drops of pyridine. The excess of anhydride was decom¬ 
posed with water, and the viscous acetyl derivative dissolved in 
ether. The ethereal solution was repeatedly extracted with a 
5% solution of sodium hydroxide until the extract was no longer 
pink. The ether was then evaporated, and the residual acetyl 
derivative hydrolysed by dissolving it in concentrated sulphuric 
acid and pouring the solution on to ice. The lactone was pre¬ 
cipitated in pinkish-white flocks, which were filtered off, washed 
with water, dissolved in ether, the ethereal solution shaken with 
sodium bicarbonate solution, decolorised with animal charcoal, 
dried, and then allowed to evaporate at the ordinary temper¬ 
ature. Large, white, cubical crystals were obtained which were 
freed from the adhering sticky matter by washing with absolute 
alcohol-ligroin and then recrystallised from ether or dilute alcohol; 
large, transparent, silky prisms were thus obtained (yield about 
1-3 g.). 

Phenolglutareins were obtained from pp-methylethyl-, pp-diethyl-, 
and p-c^cZohexane-glutaric acids in similar ways to the above. 

Decomposition of Phenolglutarein by Alkali .—Phenolglutarein 
(5 g.) was dissolved in 200 c.c. of 10% sodium hydroxide solution, 
and the mixture heated under reflux for about 3 hours. The 
solution was diluted with water, acidified with hydrochloric acid, 
and distilled in steam until phenol ceased to pass over. The 
residual liquid, after cooling, was extracted with ether, and from 
the ethereal extract 0-7 g. of ^-hydroxybenzoic acid, m. p. 213°, 
was obtained. 

The steam distillate, which had an acid reaction, was neutralised 
with sodium carbonate and extracted with ether. After the 
evaporation of the ether, a small quantity of a liquid smelling 
strongly of phenol was obtained which gave all the reactions of 
this substance. The aqueous mother-liquor, on evaporation to 
dryness, yielded about 1 g. of a solid which was qualitatively 
shown to be a mixture of sodium butyrate with smaller quantities 
of sodium acetate and succinate. 

Phenolsuccinein, on treatment with sodium hydroxide, behaved 
in an exactly similar manner. Substituted phenol-suceineins and 
-glutareins do not yield p-hydroxybenzoic acid on treatment with 
alkali but decompose into phenol and aliphatic acids in the manner 
described in J., 1924, 125, 2529, for the corresponding resorcinol 
derivatives. 
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The decomposition of phenolglutarein by alkali may be represented 
as follows: 



->C 6 H 5 -OH + (p)OH-C 6 H 4 *CO a H + ch 3 *ch 2 *ch 2 -co 2 h. 


The succineins and glutareins are fairly easily soluble in alcohol, 
acetone, acetic acid, or benzene and insoluble in water or ligroin. 
a is the absorption maximum (wave-lengths) for dilute aqueous 1 
solutions. 


Phenolsuccineim. 



Appearance. 

M. p. 

Colour 
in alkali. 

a (2 
mols. 
KOH). 

a (20 Analysis 

mols. (calc. % in 
KOH). brackets). 

Phenol- 

Colourless 

prisms. 

252° 

Deep 

bluish- 

pink. 

5350 

5450 

0,71-3(71-1); 
H, 5-5 (5-2). 

Phenoldi- 

methyl- 

99 

225 

Light 

pink. 

5220 

5280 

C, 72-2 (72-5); 
H, 6-3 (6-0). 

Phenol- 

methyl- 

ethyl- 

Colourless 

silky 

needles. 

192 

99 

5210 

5280 

0,73-4 (73-1); 
H, 6-5 (6-4). 

Phenoldi- 

ethyl- 

99 

260 

99 

5170 

5200 

C,73-3 (73-6); 
H, 6-9 (6-7). 

Phenolc 2 /cZo- 

hexane- 

Colourless 

glistening 

leaflets. 

257 

99 

5070 

5100 

0,74-1(74-3); 
H, 6-9 (6-8). 


Phenolgluiareins . 

Phenol- Colourless 146—147. Deep 6610 6540 C, 71-5 (71-8); 

• needles. bluish- H, 5*9 (5*6). 

pink. 

Phenol- „ 249 „ 5470 5490 C, 72*2 (72*5); 

methyl- H, 6*3 (6*0). 

Phenoldi- „ 185 Reddish- 5420 5450 0,72*8(73*1); 

methyl- pink. H, 6*7 (6*4). 

Phenol- „ 164—165 ,, 5420 5450 C, 73*5 (73*6); 

methyl- H, 6*6 (6*7). 

ethyl- 

Phenoldi- „ * 181 „ 5380 5410 C, 74*4(74*1); 

“ ~ ‘ H, 7*3 (7*0). 

135 „ 5210 5310 0,74*6(74*8); 

H, 7*3 (7*1). 
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Rate of Transformation of the Lactonoid Phenolglutareins into the 
corresponding Carbinol Derivatives by the Action of Alkali .—1 C.c. 
of an N /100-alcoholic solution of the phenolglutarein was added 
to 10 c.c. of aqueous potassium hydroxide of definite strength, and 
the time (seconds) required for the disappearance of the red colour 
thus produced was noted. The experiments were conducted at 
about 22° under even conditions of illumination. The results were 
as follows: 


Strength of potassium hydroxide solution. 


Glutarein. 

2n7 

N. 

NI2. NI10. N150. N1100. N1200. N1500. N/1000^ 

Phenol- 

485 

423 

422 

422 

422 

422 

422 

Long Very long 
time: time. 

Phenol- 

465 

412 

409 

409 

409 

405 

405 


methyl- 

Phenoldi- 

440 

405 

405 

405 

405 

405 

405 


methyl- 

Phenol- 

430 

405 

401 

400 

400 

400 

400 

99 99 

methyl- 









ethyl- 

Phenol- 

235 

168 

132 

188 

105 

105 

134 

192 Long time 

diethyl- 








Phenol cyclo- 

70 

67 

57 

49 

39 

48 

59 

235 


hexane- 

My best thanks are due to Professor J. F. Thorpe for the kind 
interest he has taken in this work and to the Chemical Society for 
a grant which has defrayed a part of the expense. 

Imperial College op Science and Technology, 

South Kensington. [Received, October 30th, 1925.] 


CXLVIIL —Synthesis in the Thianthren Series. 
Part II . 


By Monmohan Sen and Jnanendra Nath RIy. 


The method described in Part I (J., 1921, 119, 1959) has been 
applied in the synthesis of other thianthren derivatives. The 
reaction is apparently a general one, but difficulties are encountered 
in purifying the product. Tetramethylthianthren (I) has been 
obtained in the crystalline form and characterised by the preparation 
of its disulphone. 


Me 


Me 


/\/ D \/ 




Me 


Me 


N v / N/'Vjh 

•IJOMe 


(I-> 


MeOf 7 

H0 \/\ / 

( n.,I 


SNa 

MeO^^N/V 0 

A/\ s A/ 0Me 

? 

(III.) SNa 
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From guaiacol, dimethoxydihydroxythianthren disulphide, (II) was 
obtained, the crystalline yellow sodium salt of which is sparingly 
soluble in water. The similar disulphide previously isolated (Zoc. 
cit.) was very unstable. The remarkable stability of the present 
compound may possibly be due to its acquiring a p-quinonoid 
constitution (III); the sodium salt forms an orange solution in 
water. 

In view of the use of thioaniline in the dye industry, it appeared 
that diaminothianthren might be a valuable intermediate, and 
some azo-compounds derived from this base have been prepared. 

Experimental. 

1:4:5: 8 -Teiramethylthianthren (I).—When dry aluminium- 
mercury couple (from 0*3 g. of aluminium foil) was added to a 
mixture of p-xylene (6 c.c.) and sulphur monochloride (4 c.c.), the 
reaction became vigorous in a few minutes and hydrogen chloride 
was copiously evolved. The mass soon solidified almost completely 
and carbon disulphide (8 c.c.) was then introduced and the mixture 
kept at 40° during an hour. The solvent was decanted, the product 
decomposed with ice, and the colourless precipitate washed success¬ 
ively with yellow ammonium sulphide, aqueous sodium sulphite, 
and water, dried, and crystallised from boiling nitrobenzene. The 
crystals were extracted with boiling carbon disulphide, and dis¬ 
solved in nitrobenzene, the last trace of sulphur being then removed 
by treatment with copper powder. The filtrate from the copper 
sulphide deposited the pure substance in colourless needles, m. p. 
242° (Found: S, 23*1; C, 70*6; H, 5*8. C 16 H 16 S 2 requires S, 
23*5; C, 70*5; H, 5*8%). 

The substance exhibits the normal behaviour of thianthren and 
dissolves in concentrated sulphuric acid to a green solution which 
is decolorised on dilution with water, the original compound being 
precipitated. 

The disulphone was obtained by repeatedly evaporating the 
thianthren with an excess of nitric acid (d 1*4) on the steam-bath. 
The product was precipitated with water, washed, and crystallised 
from glacial acetic acid, separating in needles, which did not melt 
below 290° (Found: S, 18*7. C 16 H 16 0 4 S 2 requires S, 19*0%). 

3 : 7 -Dimethoxy-2 : 6-dihydroxythianthren Disulphide .—To a solu¬ 
tion of 6*2 g. of guaiacol in 10 c.c. of carbon disulphide, 4 c.c. of 
sulphur monochloride, dissolved in 10 c.c. of the same solvent, 
were added and the amalgam prepared from 0*4 g. of aluminium 
'_^psSclfc3^’ introduced. The solution became deep green and a 
lllpgorous reaction ensued. After being kept at room temperature 
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for an liour, the mixture was warmed at 40° for some time, the 
carbon disulphide evaporated off, and the residue treated with 
water. The red oil thus obtained was dissolved in alkali. The 
filtered solution slowly deposited glistening, yellow leaflets. These 
were filtered off, dissolved in water, and the thianthren derivative 
precipitated by carbon dioxide. The yellow solid thus obtained 
crystallised from boiling alcohol in yellow, silky scales, m. p. 202° 
(Found : S, 33*9< C 14 H 12 0 4 S 4 requires S, 34*4%). The yield was 
poor. 

The substance was easily acetylated by boiling with an excess 
of acetic anhydride and a few drops of pyridine. The diacetyl 
derivative crystallised from alcohol in needles, m. p. 165° (Found : 
S, 27*7; C, 47*5; H, 3*6. C 18 H 16 0 6 S 4 requires S, 28*0; C, 47*3; 
H, 3*5%). 

Azo-compound from Diazotised Diaminothianthren and $-Naphthol. 
—A solution of 2 g. of diaminothianthren {loc. cit, p. 1964) in 
200 c.c. of water and 1 c.c. of concentrated hydrochloric acid was 
treated at 0° with 0*44 g. of sodium nitrite and thereafter with 
an alkaline solution of 0*9 g. of p-naphthol. The solid precipitated 
on acidification was crystallised from boiling benzene (Found : 
N, 10-6. O 32 H 20 O 2 N 4 S 2 requires N, 10*1%). The deep red dye 
produced a dull shade on unmordanted cotton. 

Tetr azo-compound from Diaminothianthren and Resorcinol. —Di¬ 
aminothianthren hydrochloride (2 g.) was diazotised and then 
coupled with 0*17 g. of resorcinol in alkaline solution. The dye 
obtained on acidification could not be crystallised, and therefore 
it was purified by precipitation from an alkaline solution. The 
reddish-brown product did not melt below 250° (Found: N, 11*4. 
requires MT, 11-5%). 

Thianthren-2 : Q-bisdiazoaminobenzeneA'-sulphonic Add , 

so 3 h-c 9 h 4 -nh-n:n-c 6 h 3 <|>c 6 h 3 'N:n*nh-g 6 h 4 -so 3 h. 

—A solution of 1*1 g. of sulphanilic acid in water containing sodium 
hydroxide was diluted to 200 c.c., made faintly acid, and slowly 
treated with a diazotised solution of 2 g. of diaminothianthren. 
The mixture was filtered after a time, and the filtrate made alkaline 
and then acidified with acetic acid. The reddish-brown dye thus 
precipitated was dried (Found : ISf, 12*8. C 24 H 18 0 6 lSr 6 S 4 requires 
N, 13*6%). 

Thianthren derivatives were obtained by the general method 
in the following cases, but the products could not be isolated free 
from sulphur: bromobenzene, #-chlorophenol, p-cresol, quinol 
dimethyl ether, -p-tolyl methyl ether, and resorcinol dimethyl ether. 
The case of bromobenzene is interesting, because, unlike that in 
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iodobenzene (loc. cit .), the halogen atom is not displaced in the 
reaction. 

We wish to thank Dr. A. F. Titley of Oxford for a gift of pure 
^-xylene. 

College of Science, Calcutta. 

The University, Manchester. [Received, September 3rd, 1925.] 


CXLIX .—The Hydrates of Chromic Nitrate. 

By James Riddick Pahtington and Sidney Keenlysede 

Tweedy. 

In the course of investigations on chromium salts, it was necessary 
to prepare crystals of chromium nitrate. Chromic hydr oxi de, 
precipitated from cold, saturated chrome alum solution, and washed 
with hot water, was dissolved in the least possible quantity of cold 
nitric acid (about 4 N ; compare Loewel, J. Pharrn. Chim., 1845, 
7, 321, 401). The dark green diehroic solution thus obtained was 
allowed to crystallise in an open dish; after a few days it turned 
violet, and was then transferred to a stoppered bottle. Some 
three months later, it had deposited reddish-violet crystals and 
reverted to its original green colour. The crystals were not de¬ 
liquescent and appeared through the microscope to be octahedral. 
After drying between filter-paper, they gave Cr, 11*2,11-15; N, 9-0, 
9-0% (determined by reduction with Devarda’s alloy; very low 
results are obtained if the reaction is not allowed to finish in the 
cold after the initial warming necessary to start it) [Cr(N0 3 ) 3 ,12|H 2 0 
requires Cr, 11-2; N, 9-1%]. Large crystals were also grown. 

The “ normal ” chromic nitrate described in text-books (e.g., 
Roseoe and Schorlemmer, 1923, vol. ii, p. 1084) forms deliquescent 
rhombohedra, Cr(N0 3 ) 3 ,9H 2 0. By allowing a solution of chromic 
hydroxide in dilute nitric acid to evaporate spontaneously, TTqlsq 
(Chem.-Ztg., 1912, 36, 962) obtained from a violet solution crystals 
of a hydrate, Cr(N0 3 ) 3 ,7£H 2 0, m. p. about 100°, which he con¬ 
sidered to be identical with a brown, crystalline hydrate obtained 
by Jovitschitsch ( Monatsh ., 1912,33, 9), who heated ignited chromic 
anhydride with nitric acid {d 14) in a sealed tube for 1J hours at 
160°. It seems, however, that the crystals obtained by Halse are 
identical with these obtained by us and contain 12JHjO. Our 
crystals turned black (viewed by reflected light) at 95° and melted 
fffi- a darik green liquid at 104—105°. Halse remarks that these 
f tu&ee they are formed by the action Of an acid, on a hydr- 
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oxide, should be considered as the “ normal ” form of chro miu m 
nitrate in preference to the nonahydrate, which is only obtained 
under special conditions. 

On one occasion, in a repetition of Halse’s experiment, the liquid 
evaporated to a dark green syrup which retained its colour both 
on boiling and on dilution. Attempts were made to precipitate 
the green form of chromic nitrate from the syrup. Anhydrous 
ether and ether mixed with nitric acid were ineffectual, but addition 
of excess of absolute alcohol threw out a light green precipitate 
which, after drying between filter-paper, had a m. p. about 74°. 
No precipitation occurred on the addition of 96% alcohol. A 
quantity of the substance is being prepared with a view to future 
investigation. 

We repeated Jovitschitsch’s preparation with pure chromic 
anhydride prepared by the action of sulphuric acid on potassium 
dichromate (Traube, Annalen , 1848, 66, 165) and purified by 
grinding with concentrated nitric acid, draining and heating at 
80° in a current of dry air. The bomb tubes used in the prepar¬ 
ation of the nitrate are very liable to burst during the heating. 
On only one occasion a brown solution was obtained which deposited 
brown crystals on keeping in a vacuum desiccator over potassium 
hydroxide. On all other occasions, the ordinary blue-violet dichroic 
solution of chromic nitrate was obtained, which yielded crystals of 
the nonahydrate. The factors controlling the production of the 
brown solution were not discovered. The brown crystals gave a 
brownish-green dichroic aqueous solution; the filtrate obtained 
after precipitating with ammonia was pale yellow, indicating that 
a small portion of the chromium is present in the crystals as chromate 
[Found: Cr, 13*3. Calc, for C^NOg^p^O: Gr, 13-9%]. No 
crystals were available for checking this figure, or for determining 
the nitrogen. 

Jovitschitsch remarks that the brown crystals on drying over 
potassium hydroxide and even over calcium chloride lose both 
nitric acid and water; later, he Says that, after 5 days over calcium 
chloride, Cr(N0 3 ) 3 ,4|H 2 0 is formed. We kept 0-2522 g. of the 
crystals over sodium hydroxide; after 4 days they turned a dull 
violet and weighed 0*2222 g., this weight remaining constant for 
12 days [Found: Cr, 15*1;' N, 12*35. Calc, for Cr(N0 3 ) 3 ,4|H 2 0 : 
Cr, 16*3; N, 13*1%].* None of these figures is to be regarded as 
final. 

The viscosities, 17, of solutions of the nonahydrate of chromium 
nitrate (Kahlbaum’s pure; see below) were determined by the 

* Dr. A. D. Mitchell has pointed out to us that the values found are very 
nearly those required for Cr(N0 3 ) 3 ,6H a 0. 
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comparative flow method at 18° and 25°, The modified Ostwald 
viscosimeter described by Martin was used (Bull. Soc. chin . Belg., 
1925, 34, 81); we have found this instrument to give very con¬ 
sistent results. The viscosimeter was standardised with freshly- 
prepared conductivity water obtained from a Bousfield still and 
stored in a Pyrene flask; water similarly prepared was used for 
making the solutions. Each viscosity ratio represents at least a 
dozen consecutive identical time readings or else the mean of a 
dozen or more readings the extreme variation of which is 0*5 second. 
The time of flow for water was 31*5 seconds at 25° and 36*5 seconds 
at 18°. w is the weight of anhydrous salt in 100 g, of water. 


Temperature 18°. Temperature 25°. 


“N -S 


w. 

vlv HtO* 

71* 

w. 

V/V HaO* 

V* 

29*11 

1*8219 

0-01948 

25-37 

1-6428 

0*01498 

26-58 

1-7055 

0-01823 

18-58 

1*4048 

0*01281 

23*62 

1*5616 

0-01669 

12-61 

1*2302 

0*01122 

19*73 

1*4247 

001523 

10*98 

1*1984 

0*01093 

16*07 

1*2841 

0-01373 

8-99 

1*1508 

0*01050 

0*56 

1*1422 

0-01221 

6*05 

1*1032 

0*01006 

7*16 

1*0960 

0*01172 

5*93 

1*0952 

0*00999 

4*99 

1*0582 

0*01131 

3-58 

1*0556 

0*00963 

3*55 

1*0308 

0-01102 

3*18 

1*0476 

0*00953 




1*91 

1*0238 

0-00934 


Measurements at higher dilutions are unsatisfactory with the method used. 


The figures given in the third and sixth columns represent the 
absolute viscosities, obtained by multiplying by 

Thorpe and Rodger (Phil. Trans ,, 1894, 185, 397) give 0*00§9l 
and 0*010563 dyne/cm. 2 at 25° and 18°, respectively, for ^ H *o; we 
have used the more recent values determined by Leroux (Ann. 
Physique, 1925, 4, 163), namely, 0*00912 and 0*01069 dyne/cm 2 , 
the former figure being calculated on the assumption that the 
viscosity varies linearly with the temperature over the range 
23*2° to 26*4°, for which 77 = 0*00949 and 0*00883 dyne/cm. 2 , 
respectively. The above values for the viscosities of chro mium 
- nitrate solutions lie on smooth curves. 

Kahlbaum’s pure chromic nitrate crystals, Cr(N0 3 ) 35 9H 2 0 
(Found: Or, 13 0; N, 10*7. Calc.: Or, 13*0; N, 10*5%), freed 
from adhering nitric acid by pressing between filter-paper, melted 
to a dark green liquid at 66—66*5°; there were no signs of fusion 
at the previously recorded m. p., 36*7° (Ordway, Amer. J . Set., 
1850, 9, 30). The fused salt on cooling passed through an indefinite 
pasty stage extending from about 37° to 20°, and gradually changed 
in colour to a greyish-green. On continual stirring, the tem¬ 
perature rose to 30—33° and slow crystallisation set in. The 
crystals were violet. These temperatures are slightly different from 
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those recorded by Ordway, who found that the green liquid first 
deposited crystals at 24°, the temperature rising gradually to 34°. 
A crystal picked out of the green paste melted sharply at 66-5° 
and was evidently, therefore, a crystal of nonahydrate. Appar¬ 
ently no transition to a second hydrate takes place at the m. p. 

Chromic nitrate nonahydrate crystals may be readily prepared 
by dissolving violet chromic chloride in slightly more than the 
theoretical quantity of hot strong nitric acid and storing in a 
vacuum desiccator over sodium hydroxide. If excess of the 
chloride is used, the product contains small quantities (0*1%) of 
chlorine. No chromic chloride nitrate similar to that prepared 
by Schiff by dissolving basic chromic chloride in nitric acid (Annalen, 
1862, 124, 177) was obtained. 

An X-ray examination of chromium nitrate and other chromium 
salts is being undertaken. It is expected that information of 
importance for the theory of co-ordination will be obtained with 
the three isomeric hexahydrates of chromic chloride, all of which 
have been prepared. 

Summary. 

1. The solution obtained by dissolving chromic hydroxide in 
nitric acid yields crystals of Cr(N0 3 ) 3 ,12JH 2 0, m. p. 104—105°, 
and not Cr(N0 3 ) 3 ,7pE 2 0, as previously described. 

2. The viscosities of some chromic nitrate solutions at 18° and 
25° are recorded. 

3. Chromic nitrate nonahydrate crystals melt at 66—66*5°, no 
transition to a second hydrate occurring at this temperature. 

4. Chromic nitrate nonahydrate crystals may be prepared by 
dissolving violet chromic chloride in hot nitric acid and allowing 
the solution to crystallise in a vacuum desiccator. 

In conclusion, one of the authors (S. K. T.) wishes to express his 
gratitude to the Advisory Council of the Department of Scientific 
and Industrial Research for a personal grant. 

East London College, 

University or London. [Received, February 18&, 1926.] 
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Hcemoglobin. 

A Lecture delivered before the Chemical Society on 
February 11th, 1926. 

By Joseph Barcroft, C.B.E., M.A., F.R.S. 

In making some remarks to-night about one of the subjects dearest 
to my heart, namely, haemoglobin, I -wish to disabuse you at the 
outset from any idea that my primary object is to inform you— 
far otherwise—haemoglobin is to me a query mark—an unanswered 
question—a Will-o’-the-wisp—something which one day you think 
you have grasped only to find the next that its real essence has 
eluded you. You recollect what Thackeray said about George IV: 
“ To make a portrait of him at first seemed a matter of small diffi¬ 
culty. There is his coat, his star, his wig, his countenance simper¬ 
ing under it: with a slate and a piece of chalk I could at this very 
desk perform a recognisable likeness of him. And yet after reading* 
of him in scores of volumes, and hunting him through old magazines 
and newspapers, having him here at a ball, there at a public dinner, 
there at races and so forth, you find you have nothing—nothing but 
a coat and wig and a mask smiling below it—nothing but a great 
simulacrum. ... I look through all his life and find hut a bow and 
a grin—I try and take him to pieces, and find silk stockings, padding 
stays, a coat with frogs and a fur collar, a star and a ribbon, a 
pocket handkerchief prodigiously scented, one of Truefitt’s best 
nutty-brown wigs reeking with oil, a set of teeth and a huge black 
smock under-waistcoat, more under-waistcoats and under that 
nothing. 3 ’ And so in my more despondent moments it seems to 
be with haemoglobin. Its colour fascinates you, you crystallise it 
only to find that it crystallises in innumerable forms, you deter¬ 
mine its osmotic pressure to find that may be anything, you redis¬ 
solve the crystals to find that the material has altered as the result 
of crystallisation. Is the attempt to pursue haemoglobin worth 
while ? Well, gentlemen, at the end of this lecture you may answer 
that question as you will. For my part it is just here that the 
analogy with ce The first gentleman in Europe ” breaks down, for 
you must remember that Thackeray went on: “I own I once used 
to think it would be good sport to pursue him, fasten on him, pull 
him down. But now I am ashamed to mount and lay good dogs on 
to summon a full field and then to hunt the poor game.” Haemo¬ 
globin never can appear poor game to the biologist, for the life of the 
yrarm-bkio<fed animal—yours and mine—depends upon its existence, 
iiicri id fid other substance which is capable of transporting oxygen 
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in just tlie same amount and in just the same way. How nature 
discovered the pieces from which to effect the synthesis must ever 
be a fascinating subject of inquiry to the biologist—and to find 
out what those pieces are and in what way the synthesis has been 
effected he must digress from his own proper sphere into that of 
chemistry. Yet as ribbons, wigs, and stars go, those of George IV 
were probably more interesting than most, and if I at once disclaim 
the objects of telling what haemoglobin really is, and make it clear 
that I am merely trying to pass an hour by discussing some of its 
more superficial properties, it may be that you will find these a 
little interesting, even if you regard the methods of the biologist as 
being at one time crude and at another clumsy, and his present¬ 
ation of a chemical problem naive and amateurish. 

I. 

The time-honoured conception of haemoglobin was that it con¬ 
sisted of two moieties united in some unknown way. These were 
called haematin and globin, the latter being a protein, the former a 
substance containing iron. It was supposed further that these 
could be broken the one from the other by acid or alkali. Within 
the last two years the position as put forward above has been gone 
into in considerably greater detail. Let us start with haemoglobin 
and work backwards. If in the presence of a reducing agent 
haemoglobin be made alkaline, a substance, haemoehromogen, is 
formed with a characteristic spectrum, which possesses a band of 
great density in the region of X560. This substance was assumed 
to be haematin, in the reduced form and in alkaline solution. That 
is to say, it was assumed to be protein-free. This conception appears 
to be incorrect, for we can obtain haemoehromogen, not analytically, 
but synthetically, the best starting point being a substance called 
haemin. 

Hsemin is made by adding glacial acetic acid to dried blood in 
the presence of sodium chloride and is a well-defined crystalline 
substance to which the formula C 34 H 35 0 3 ( ?)N 4 Fe,H01 was given 
by Hoppe-Seyler. From it, in the presence of a reducing agent, the 
base haem, C 34 H 35 0 3 N 4 l Fe( ?), may he liberated by the addition of 
sodium hydroxide. According to the old conception, this base 
should have been haemoehromogen, but it is not so, having a quite 
different and ill-defined spectrum. One further step is necessary 
to produce haemoehromogen, namely, the addition of globin to 
the haem. Therefore we obtain the following scheme (Scheme 1). 

The conception put forward above opened up an entirely new field 
fbr discovery, in which three principal facts may be emphasised. 

First, that globin is only one of a great many substances which 

BB 
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will perform the same function, thus forming a whole group 
of hsemochromogens. Nicotine, pyridine, hydrazine, ammonia, 


HUMINM v 





Scheme I. 


albumin, etc., all perform the same role, that is, when added to haem, 
which has a comparatively indistinct spectrum, they yield substances 
producing spectra with the typical characteristics of that of hsemo- 
chromogen, and it must be remembered that the spectrum of 
hsemochromogen is the most typical and best defined of all blood 
spectra. We therefore may now extend our scheme as follows: 


Hsematin 

Hsemin + NaOH <*-- 

* Haem + Ammonia 
+ Glycocoll 
+ Hydrazine 
+ Pyridine 
+ Nicotine 
+ Albumin 
+ Globin' 
Scheme. H 



P9 

5> 


NH 3 Hsemochromogen 

H. 

P. 

N. ■ . „ I 

A. 

G. 


Secondly, whilst all these substances yield haemochromogens with 
spectra of the same type, there are appreciable differences between 
the actual spectra of the different members of the family; in one 
the bands will be a little towards the red, in another a little towards 
the blue—but so little that casual observation would not show the 
difference. 

Thirdly, all these haemochromogens seem to be kept in statu quo 
as the result of balanced action, and here it may be noted that for 
the . production of most of them a great preponderance of the com¬ 
ponents is necessary. The globin hsemochromogen stands nearly 
but not quite alone in so far as the action is almost complete. 

The globin compound has as well other distinctive properties; 
it is one of the few hsemochromogens which are soluble in a high 
degree, and, but chiefly, the globin compound stands alone, in 
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that it and it only can form a haemoglobin. Anson and Mirsky, by 
regulation of the hydrogen-ion concentration, obtained haemoglobin 
from globin haemochromogen. Robin Hill has been at great pains 
to obtain the analogues from other haemochromogens, but without 
success. 


The final scheme (Scheme HI) then is : 


Oxyhaemoglobin 


Haemin 


Haematin 


+ NaOH. <* 


Haem + NH S 

+ Hydrazine 
+ Glycocoll 
+ Pyridine 
+ Nicotine 
+ Albumin 
+ Globin 


Scheme III. 


— NH 3 Haemochromogenl 

— Hydrazine H'CR 
^ Glycocoll H'CR 

— Pyridine H'CR 

— Nicotine H'CR 
^ Albumin H'CR 

— Globin H'CR Haemo¬ 
globin. 


| T; g 
* r & 


II. Cytochrome . 

It is not possible to leave the subject of haemochromogen without 
making a digression for the purpose of discussing cytochrome. 
Here, as in the case of haemochromogen, let the name cytochrome 
stand for a spectrum, at all events until we can get something 
more concrete to which we may attach it. 

This spectrum was first described by McMunn, 1 but its true 
significance has only recently been brought to light by the work of 
Keilin, 2 who has kindly consented to demonstrate it to-night. 
It may be seen well in the wing-muscle of the bee, in the onion, 
in yeast, in aerobic bacteria, and, indeed, it may be regarded as of 
more or less universal occurrence in forms of life which have con¬ 
tracted the oxygen habit. In these there is reason to suppose that 
it acts as a catalyst, in contrast to haemoglobin, which acts as a 
carrier, but pervading both the animal and the vegetable king¬ 
dom; it is far more widely distributed than either haemoglobin or 
chlorophyll. Not only so, but cytochrome appears in forms of life 
than which none are more primitive. 

This spectrum has never been seen outside a cell; all attempts to 
extract the cytochrome have ended in changing the spectrum— 
moreover, it is only seen in the reduced condition—shake yeast with 
air, the spectrum disappears, to return on permitting the yeast to 
reduce itself—expose the wing-muscle of the bee to the atmosphere, 
the spectrum disappears, to return on the exclusion of oxygen by a 
covershp. 

RR 2 
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Superficially this spectrum presents the appearance of possessing 
four bands, which may be designated as a, 5, c, and d; of these 
c is the most conspicuous (see Fig. 1). 

To say that this spectrum has four bands is only a partial state¬ 
ment of the facts, for the band d may be resolved into three over¬ 
lapping bands which I will call x , y, and z. Thus on any picture 

Fig. 1 * 



which shows the relative absorption at different parts of the spectrum 
there are six su mmi ts. This is shown crudely in the figure. It 
must not be supposed that this figure is drawn from accurate spectro- 
photometric observations; the positions of maximum density only 
have been measured with care. So far as the relative densities of 
the various bands are concerned, the figure simply is a rough 

* Figs. 4, *7, 8,9, 10,11,12, and 13 are reproduced by permission from the 
Prooeedmga of the Royal Society, and Figs. 5 and 6 from the Journal of 
Pbgpittiogg* 
















BARCROFT : HEMOGLOBIN*. 1151 

representation of the impression one gets from the observation of 
varying concentrations of the material. 

To obtain a better understanding of the cytochrome spectrum, 
let us turn to alkaline extracts. An extract of yeast in potassium 
hydroxide gives a spectrum also with six summits, but “which has 
only three bands, because those which correspond to b and c have 
become merged into a single band with two summits. The summits 
in the spectrum of the potassium hydroxide extract I will call a K > 
bx> eg, zg, yx, and x K , respectively, representing a , 6, c, z>y s and x. 

If one goes further and makes an acetone extract, which is then 
made alkaline, only four summits appear; they are b K , c K , Vk> andfcjr, 
respectively, a K and z K being absent. If one goes still further and 
dries the yeast, makes an aqueous extract of the dry yeast, and 
renders that alkaline, two more bands, b K and y K > drop out and one 
is left with c K and x K only. And now we have something very 
familiar; it is none other than a typical haemochromogen spectrum. 
The simplest interpretation of the cytochrome spectrum is that it 
is a mixture of the spectra of three haemochromogens A, B, and C 5 
of which A is responsible for bands a and z, B for bands b and y, 
and C for bands c and x> and this interpretation is rendered the more 
likely by the fact that in different cytochromes the relative intensi¬ 
ties of the bands vary. But in this respect the bands are associated 
in pairs; thus a and z may be exaggerated, relatively to the rest, 
or b and y may be, but not a and y or say c and z , or a or b or c 
alone. 

III. Metallic Porphyrin Compounds . 

Some allusion should here be made to the work of Robin Hill, 4 
who has investigated the compounds of various metals with por¬ 
phyrin. Porphyrin unites with a great number of metals—iron, 
nickel, cobalt, manganese, zinc, copper, silver, potassium and 
others. The compounds formed are all on the hcem level, if I may 
put it that way, but of these, only three have the power of being 
readily oxidisable and reducible. These are the compounds of 
cobalt, iron, and manganese, i.e., the hsematins as well as the haems 
of these metals can be obtained. 

It is remarkable and perhaps significant that, whilst none of these 
substances has any nitrogenous compound attached, they all, with 
one exception, have spectra which suggest haemochromogen rather 
than haem. The one exception is the iron compound, and, further, 
it is the only one to which nitrogenous compounds such as pyridine 
and globin will attach themselves and thus form true hsemochrom- 
ogens. Not that the iron-porphyrin compound is precisely the same 
as haem, or that the derived haemochromogens are precisely the same 
as those formed from blood—the spectral bands are nearer the blue; 

RE* 
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presumably the original porphyrins are not the same as that in the 
haem obtained from blood. 

IV. Equilibrium Constants of Compounds of Hcemoglobin with 
Oxygen and Carbon Monoxide . 

The curve which represents the equilibrium between oxygen and 
blood is, as was shown by Christian Bohr, 5 , S-shaped in character 
(Kg. 2, B). This contour adds greatly to the biological value of 
haemoglobin and for that reason it was an object of speculation to 
Bohr himself—as it has been to all his successors—as to what 



the underlying significance of the inflexion might be 
equilibrium of the type ° 


A simple 


[Hb] x [O a ] K [Hb0 2 ] 


TOuld of course, be represented by a rectangular hyperbola. 

, ^ 191 , 1 ’ Eol ?f ts ff d 16 found ^at a dialysed solution of hsemo- 
globm of considerable purity yielded an equilibrium curve which 
approximated very much to the hyperbolic type, and we hazarded 

T ple v were Stained the curve would 

actually become a hyperbola. (Kg. 2, H). This view met with a 

g^ral* f but as it seems a premature, acceptance: for on later 

1 ttonl£ P 11161 ana certainly more concentrated 
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solutions, we failed to obtain the hyperbolic form, and at Harvard, 
Adolph and Ferry, 7 with a very perfect technique of its kind, 
asserted that in no circumstances was the curve anything but 
S-shaped. I used the phrase “ a very perfect tec hni que 95 —per¬ 
haps this phrase was wrong. I should have said a technique which 
more nearly reached our ideals. Our ideals were : a solution which 
contained the mi n i m um of impurity and the maximum of haemo¬ 
globin. With regard to the latter point, of course the greater the 
concentration of haemoglobin the easier and more trustworthy 
becomes the gas analysis. 

Fig. 3. 

[COHb] [Hb] 
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(The rectangles represent the calculated experimental error.) 

The conceptions put forward by Adair 8 indicated the probability 
of our ideal being wrong. They suggested that the fundamental 
equilibrium curve was to be obtained from the investigation of 
solutions not stronger but more dilute than that used by Roberts 
and myself. The study of such solutions required an entirely new 
technique. The relative concentrations of haemoglobin and 
oxyhaemoglobin in dilute solution can be determined only by some 
spectroscopic method, and even that is very difficult to do and can 
be done only for the middle portion of the curve. The pressures of 
oxygen involved are so small as to demand very exact and difficult 
analyses of the atmosphere to which the haemoglobin is exposed, 
if the equilibrium be struck at room temperature. On the other 
hand, if the equilibrium be struck at 35—40°, the gas analysis 

br*2 
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becomes easy, but the haemoglobin becomes unstable. If we review 
these difficulties in order, we find that the spectroscopic analysis 
becomes easy when we study the analogous reaction: 

[Hb] + [CO] = Z[HbCO], 

The difficulties of gas analysis by ordinary methods are, how¬ 
ever, seemingly insuperable, for the pressures of carbon monoxide 



20 40 60 80 100 12 


involved are counted in thousandths of a millimetre. Fortunately, 
it has proved possible at 15° to work out a method—almost audacious 
in its simplicity—which has enabled us to avoid gas analysis and by 
a single spectroscopic measurement to estimate the concentrations 
«f all the reacting substances in the above equation. This technique 
will be demonstrated by my colleague, Dr. Selig Hecht, of Harvard. 

; Jffiih iteaid we have succeeded in the last fortnight or so in obtain- 
the carve shown in Fig. 3: Between the limits of 0 and 25 
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thousandths of a millimetre pressure of carbon monoxide (above 
which limits the method has not so far proved accurate) the curve 
is nearly, though not quite, hyperbolic in form. 

It would seem that at last we are really within sight of the funda¬ 
mental curve and in a position to push forward and discover the 
effects on this curve of increasing the concentration of haemoglobin, 
of the salts, and of alterations in the concentration of hydrogen and 
hydroxyl ions in the solution. 

I need only remind you that the effect of increasing alteration of 
hydrogen-ion concentration is to reduce the affinity of oxygen (or 
carbon monoxide) for haemoglobin proportionately over the whole 
curve. 

Fia. 5. 



The Temperature .—The same may be said of the effect of temper¬ 
ature. The curves in Fig. 4 show the equilibrium of oxygen and 
haemoglobin in blood at various temperatures. They are taken 
from a research by W. E. Brown and A. V. Hill. 9 

Their work has been followed by that of Magela and Seliskar, 10 
who have determined the temperature coefficients of the haemoglobin, 
in dilute solution and under constant conditions of hydrogen-ion 
concentration, of several forms of life. It is remarkable, and again 
of great biological interest, that the haemoglobin of man has a 
temperature coefficient of about 5 for its equilibrium with oxygen 
(Fig. 5), and that of the frog has a temperature coefficient of only 
about 2*5 (Fig. 6). Whether human haemoglobin serves man better 
by haying so high a temperature coefficient is difficult to say, but 
it would be quite unsuited to the needs of the frog. 
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Y. The Velocity Coefficients of the Beactions of Hcemoglobin with 
Oxygen and Carbon Monoxide . 

The sensitiveness of the equilibrium constant of the reactions 
Hb -{- 0 2 — - Hb0 2 

to temperature, hydrogen-ion concentration, etc., naturally leads 
to the inquiry how are the velocity coefficients of the separate 
phases of the reaction affected by the conditions under which the 
reaction takes place. If, for instance, a rise of temperature tends to 


Fig. 6. 



dissociate oxygen from haemoglobin, is this because the velocity 
coefficient, k, of the reaction 

Hb + 0 2 Hb0 2 

is increased or the velocity coefficient, F, of the reaction 
Hb + 0 2 - Hb0 2 

is dim i n i s hed, or are both velocities increased but in different pro¬ 
portions—the state of affairs which would seem most probable 
prirm facier-OT what ? Before the war, A. V. Hill and I made a few 
experiments on this subject, but it was clear that our experimental 
methods were quite inadequate—our scheme in general depended 
on the bubbling of oxygen or nitrogen through hemoglobin solutions, 
i The actual velocities of the chemical reactions which took place 
80 **8** '®?* order as compared with the rates at which the 
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gases passed into or out of the solution that the results which we 
obtained depended merely on the extent to which we were able to 

Fig. 7. 



ring the changes ” on the physical* as opposed to the chemical. 


processes involved. 

Within the last four years the velocity coefficients of the various 
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phases of the reactions of haemoglobin with oxygen and with carbon 
monoxide have been studied by Hartridge and Houghton 11 with 
what appears to me to be amazing success. Such a study, of course, 
demands the most meticulous consideration of detail, and if I treat 
their method in a very general way it is because the discussion of 
the details, once embarked upon, would occupy more than the whole 
time at my disposal. 

Let us commence, then, with the consideration of the reaction : 
Hb + 0 2 HbO a . 

To carry out our purpose, it is necessary that one or other of the 
substances produced, the haemoglobin or the oxygen, should be 
removed from the sphere of action as fast as it is formed. For this 
purpose, the procedure is briefly as follows. 

The apparatus (Fig. 7) is schematically in the shape of a Y made of 
tubing—along the limbs of the Y enter on one side a dilute solution 
of the oxide of haemoglobin, on the other water containing a concen¬ 
tration of sodium hyposulphite to absorb the oxygen, it being ascer¬ 
tained that the sodium hyposulphite does not reduce the oxide by 
double decomposition. At the junction of the tubes there is a 
m i xin g chamber, in which the mixing is so rapid and intimate as to 
be completed in a time which is negligible compared with the one- 
hundredth part of a second. The rate at which these fluids are 
driven through the apparatus is so great that the reaction in the lower 
limb of the Y may be followed with the eye. The fluid, which 
emerges red from the mixing chamber, is seen to become purple as 
it passes down the tube. The degree of reduction may be estimated 
at any point along the tube by the reversion spectroscope, whilst the 
time taken for the process is calculated from the velocity of flow 
of the fluid along the tube, the fluid being in turbulent motion. 

In the world in which we now are, this reaction is relatively slow; 
and, as Fig. 8 shows, it obeys the “ rules of the game ” inasmuch 
as the curve obtained by plotting the logarithm of the concentra¬ 
tion of the oxyhemoglobin against the time is a straight line. 

The reaction; 

0 2 + Hb HbO a 

presents much greater difficulties for two reasons. The first is 
the technical one that it takes place enormously faster, the second 
is the theoretical one that it has not proved practicable to remove 
the oxide as it is formed and therefore it is only when the first 
portions of oxide are forming that the reaction appears with its full 
However, just because the disruption of the oxide is slow 
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as compared with its formation, and because we know the velocity 
of the disruption, we can correct for it by a process of calculation. 

To determine the velocity of oxidation, solutions of haemoglobin 
and of oxygen in sufficient concentration to oxidise it are driven 
at such a velocity that they traverse the lower limbs of the Y at 
the rate of about 600 cm. per second, and over the first few centi¬ 
metres the chemical change may be seen with the eye, the haemo¬ 
globin turning from violet to red as the oxide forms. The measure¬ 
ments are made with the reversion spectroscope. The time, as 
before, is measured by the rate at which the fluid travels from point 
to point, and the degree of oxidation by spectroscopic examination 
of the fluid from point to point along the tube. 


Fig. 8. 



Abscisses =s time in seconds . 

Ordinates ■== log of percentage of oxyhcemoglobin . 


The actual result achieved in an experiment is illustrated by 
Fig. 9. Here you will see that one-quarter of the whole oxidation 
takes place in about two-thousandths of a second. To ascertain 
the figure with an accuracy of but 10% required a certainty of two 
ten-thousandths of a second in the estimation of the time. 

Having said so much about Hartridge and Houghton's method, 
let me pass to the consideration of their results. Taking first the 
oxidation, its velocity coefficient'possesses properties that are worth 
noting, the most remarkable of which is that temperature appears 
to have no effect upon it. Of course I mean temperature within 
rather narrow limits, for haemoglobin will not stand heating above 
about 45°. What the theoretical explanation of this phenomenon 
may be is a matter which I shall leave to you who know much 
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more about such things than I do. It would be explained accord¬ 
ing to the authors on the assumption that all the molecules of oxygen 
which impinged upon the haemoglobin molecule—at whatever 
temperature—adhered to it. The second property, and one which 
is of great interest to physiologists, is that alteration of the hydrogen- 
ion concentration of the medium in which the haemoglobin is dis¬ 
solved is also without marked eflect upon the velocity coefficient of 
the oxidation phase of the reaction. 

It follows, therefore, that the now well-known effects of hydrogen- 
ion concentration and temperature on the equilibrium constant must 



be almost entirely the reflexion of the effects of these conditions 
on the reduction phase, and to this we shall now turn. 

Experiments on sheep’s haemoglobin indicate that the velocity 
coefficient of the reduction phase has a temperature coefficient of 
3-8 for an alteration of 10°, which, as a matter of fact, corresponds- 
to that of the equilibrium constant of the reaction 

Hb + 0 2 ^ Hb0 2 . 

The effect of hydrogen-ion concentration is restricted to a small 
region between = 7*8 and about p K = 5*5, i.e., within 1*2 on 
each side of the isoelectric point. Within this region the effect is 
very great and fully accounts for the properties which blood exhibits 
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To revert, however, to the original proposition of whether the value 
of the equilibrium constant as determined does or does not agree 



with the quotient of the velocity coefficients, the following table, 
which summarises the results of four such comparisons, shows, I 
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+.Kinlr J as good an agreement as can be looked for from experiments 
of so high a degree of difficulty. 


The Comparison of K with k'/k. 

Value of K, 





Mean 

Mean 

Calculated 

Observed from 

No. of 



value 

value 

from 

dissociation 

Expt. 

Pk * 

Temp. 

of k\ 

of k. 

>1 

II 

curve. 

I. 

7*7 

17*5° 

2875 

17-5 

164 

218 

n. 

7-2 

18*9 

2550 

17*3 

148 

112 

HI. 

10*0 

15*1 

3145 

4*5 

700 

730 

IV. 

10*0 

17*3 

3540 

8*1 

438 

336 


The values of k\ k, and K were subject individually to possible experimental 
errors of ±20%, ±10%, and ±15%, respectively. 


A parallel set of observations has been carried out on the velocity 
coefficient of the reactions 

Hb + CO -> HbCO and 
Hb + CO HbCO. 

Of these, the velocity coefficient of the association phase is of the 
same order as that of the corresponding reaction for haemoglobin 
and oxygen; but'the velocity coefficient of this dissociation phase is 
of quite a different order from that of the reduction phase of oxy¬ 
hemoglobin. 

Being in possession of the values of k and ¥ for the reactions 

Hb “j- 0 2 Hb0 2 
Hb + CO ^ HbCO, 

respectively, we should be able to calculate the corresponding co¬ 
efficients for the reaction 

Hb0 2 + CO ^ HbCO + 0 2 , 

or, as it is more correctly written, 

Hb0 2 ■ ” Hb *± 0 2 
Hb + CO ^ HbCO. 

But at this point a most interesting discrepancy has appeared. The 
haemoglobin appears to be much more reactive towards carbon 
monoxide if this gas is presented to It within about one-tenth of a 
second after the removal of the oxygen than it is subsequently. 
Whether, in that tenth of a second some tautomeric change takes 
\ place, or, if not, what the alternative may be, is still under 
lt%?es%atfOn, so there we must leave the matter. 
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VI. The Importance of the Protein . 

Within recent years the point of interest with regard to haemoglobin 
has been shifting. Formerly, it was entirely centred upon the 
relation of the oxygen to the hsematin, and this interest extended to 
the significance of the pyrrole group and the possible connexion with 
chlorophyll. Little progress has been made in this direction; the 
researches of Wills tatter more particularly have turned men’s minds 
rather away from the pyrrole group; on the other hand, the protein 
moiety of haemoglobin has in one way or another been steadily 
receiving more recognition. The points of importance with regard 
to the protein may be considered under two main groups, those which 
embrace the proportion of haemoglobin as an amphoteric electrolyte, 
and those which have to do with its specificity. 

(a) Hcemoglobin as an Amphoteric Electrolyte .—Haemoglobin acts 
as an acid in alkaline solution and as a base in acid solution. The 
former action has been studied in much greater detail than the latter. 
In strict parlance one should, I suppose, speak of hsemoglobinic acid 
and of sodium or potassium haemoglobinate—the"latter being the 
form in which haemoglobin exists for the most part in human blood. 

This very important fact at once raises a number of points such 
as: 

(a) The number of dissociable sodium atoms for each atom of 
iron. 

(P) The strength of the acid. 

(y) Effect on the strength of the acid of oxidising the haemoglobin. 

(8) The repercussion of the above considerations on the system 
in which haemoglobin is found in the blood, which contains also 
sodium bicarbonate, sodium chloride, and carbonic acid. This 
system becomes complicated by the fact that the haemoglobin is in 
corpuscles, the envelopes of which appear to be relatively imper¬ 
meable to kations as compared with anions. This system is of 
paramount importance to the physiologist, but to the chemist it is 
so special a case that I shall pass very lightly over it, 

a. Very different views have been held as to the number of gram- 
atoms of sodium which could dissociate from 16,800 grams of 
haemoglobin (the weight which contains 56 grams of iron and unites 
with 32 grams of dissociable oxygen). The matter recently formed 
the subject of an exhaustive research by the workers in Dr. Van 
Slyke’s laboratory, 12 who have come to the conclusion that the 
number was much higher than had formerly been supposed. Their 
estimate is 12. 

p and y, Haemoglobin in the reduced form is a very weak, acid. 
In the oxidised form it is, according to A, V, Hill, some seventy 
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times as strong, and is then of the same order of strength as sodium 
bicarbonate. 

8. It follows that when haemoglobin is oxidised in the presence of 
sodium bicarbonate the sodium becomes redistributed, the haemo¬ 
globin taking more, and therefore the amount of sodium bicarbonate 
decreases whilst the amount of free carbon dioxide increases. On 
the other hand, the addition to the system of carbon dioxide or any 
other acid will attract sodium from the haemoglobin and tend to 
release the oxygen, which has less affinity for the free acid than 
for the sodium haemoglobinate. 

The scheme put forward by Hill 13 to explain these facts is that 
haemoglobin may be regarded as 



whilst oxyhaemoglobin in the presence of sodium bicarbonate is 



(b) Specificity .—That the haemoglobins which are derived from 
different species of animals, and even from different members of 
the same species, differ may be shown in a number of ways. That 
they differ in crystalline form has been known for a long time, and 
the crystallographic differences have formed the subject of a work, 
monumental in bulk, by Reichert and Brown. 14 Moreover Land- 
steiner and Heidelberger, 15 in a very elegant research on the solu¬ 
bility of haemoglobin, have shown that the difference between one 
form and another is sufficiently great to render them more or less 
independently soluble. After a solution has been saturated with the 
haemoglobin of one animal, it is still capable of dissolving some at 
all events of the haemoglobin of another. 

Moreover the spectra are slightly different, the bands being shifted 
a little towards the red or towards the bine from one haemoglobin 
to another. This is true, not only of the bands of oxyhaemoglobin, 
but also of carboxyhaemoglobin. One band, known as the a-band, 
has been studied in some detail. In the case of human blood, when 
carbon monoxide is bubbled through a solution of oxyhaemoglobin 
ibis band moves 54 A.U. towards the blue. In the slang of the 
labcacatory, we say the band has a “ span ” of 54 A.U. Most forms 
^ haemoglobin have a lesser span. Now let me put before you a 
^ hitherto unexplained relationship, which at present 
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exists on quite an empirical basis. It merely has been “ observed 
to be so 99 in the cases which have been tested. 

We may express the equilibrium point of the reaction which 
takes place when carbon monoxide is passed into oxyhaemoglobin 
as follows:— 16 

J£[Hb0 2 ] X [CO] = [HbC0][0 2 ] 


B’ig. 12. 



With different hemoglobins, K differs. Now let me show you the 
relation of K to the 44 span. 5 ’ I do not wish to insist that the 
relation is in the strict sense linear. We may be on a very flat curve 
or near the point of infl exion of an S-shaped curve. What I want to 
emphasise is that there is a relation. It would be simple to explain 
this relation on the hypothesis that there are a limited number of 
haemoglobins, say two, which in different animals are mixed together 
in diff erent proportions. This simple explanation seems to be 
negatived by the fact that if the haemoglobin be crystallised and 
redissolved the solution presents the same properties as the original 
solution or as the fluid left above the crystals. 

On the other hand, no attempt to find any spectroscopic or other 
differences, either in the haems or the haemins derived from these 
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various haemoglobins, has been, successful. In the present state of 
our knowledge one must attribute this very interesting specific 
feature to the globins. 

VH. Osmotic Pressure and Molecular Weight . 

And now I come to that part of the subject in which haemoglobin 
appears to be in its most illusive mood. The thing which we most 
want to know about it is perhaps its molecular weight, and in this 
audience the confession of ignorance on that point is a confession 
not untinged with shame. We know as a starting point that the 
least possible molecular weight—that which contains 56 graips of 
iron—would be somewhere about 16,700. If then we call the 
molecular weight (16,700) n , what is the value of n ? 

We turn to some indirect method. What is to be said about 
the osmotic pressure ? I may pass rather rapidly over the work 
of Hufner and Gansser, 17 who came to the conclusion that the 
osmotic pressure of a 1% solution of haemoglobin would be 10 mm. of 
mercury—a result which would give a value of n = 1. By what 
happy accident Hufner and Gansser arrived at this result is likely 
to remain a mystery. Weymouth Reid, 18 in a research which is too 
little quoted, concluded that 3 was the nearest whole number to 
his determinations of n. Roaf 13 made the material but rather 
depressing discovery that n might appear to be almost anything— 
less than unity, for instance—according to the circumstances in 
which the measurements were made. It has remained for Adair 20 
to reduce to some sort of order the apparently chaotic readings which 
were found. The possibilities of adsorbed salts, of variable ionis¬ 
ation of the hydrogen or sodium ions, of membrane potentials, of 
polymerisation of the haemoglobin, of the onset of putrefaction, 
of the attainment of a true equilibrium, etc., all had to he taken into 
account. Take the last two considerations, the attainment of equili¬ 
brium and the avoidance of putrefactive changes. In ordinary 
circumstances it proved quite impossible to complete a measurement 
in which a satisfactory equilibrium was attained before the 
solution ceased to be above suspicion. This difficulty was 
overcome by working at 0*6°, at which temperature a haemo¬ 
globin solution remains good indefinitely. The time factor looms 
almost as large in Adair’s determinations as in those of Hartridge 
and Roughton. The latter measure events which take place in 
a fraction of 1/1000 of a second; Adair’s osmometric determin¬ 
ations each require a fraction of a year. The work is being carried 
on in tile Low Temperature Station at Cambridge, where Sir Wm. 
f| Haidy kindly allows Adair to set up his osmometers (Fig. 13). Such 
i must be very slow, but already enough information has been 
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obtained to be of considerable interest. Adair will show you a model 
in which the osmotic pressure in a 1% solution of haemoglobin is 
represented vertically whilst the hydrogen-ion concentration and the 
saline concentration of the solvent are the horizontal co-ordinates. 
Over a great part of this model the conditions may be varied with¬ 
out any change in the osmotic pressure of the haemoglobin, which 
pressure works out pretty regularly at 2*6 mm. of mercury. This 
figure is given if the solution is not more than 4% haemoglobin or 
is not of less saline concentration than 0*01 molar. Where a different 
and higher osmotic pressure than 2-6 is given per 1% of haemoglobin, 
as in cases where the concentration of Hb is more than 4% (Fig. 14) 

Rig. 14. 


mm. Hg. 



or the pigment is dissolved in salt solution of greater dilution 
than 0*01 if (Fig. 15), Adair finds a cause which satisfies him. If we 
accept his estimate, the value of n would be 4 and the molecular 
weight of haemoglobin about 68,000. A substance of this molecular 
weight, it may be said incidentally, would depress the freezing point 
of water about 0-00001°. 

And now we are face to face with the final puzzle. How axe we 
to reconcile an equation 

Hb 4 40g v — Hb 4 O s 

with the form of equilibrium curve as obtained % 

In considering this question I will leave out two factors each of 
which may produce an appreciable secondary effect on the shape of 
the curve. These are the alteration in hydrogen-ion concentration 
produced on oxidation and the effect of the great concentration in 
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which the hsemoglobin is found, say, in the red corpuscle. These 
apart, we may consider the reaction as being either 

Hb 4 + 0 2 ^ Hb 4 0 2 
Hb 4 0 2 -j- 0 2 ■ »< — Hb 4 0 4 
Hb 4 0 4 + 0 2 — Hb 4 0 6 
Hb 4 0 6 + 0 2 ^ H 4 0 8 

or it may follow what physiologists call the ee all or none 55 principle, 
there being no possibility of intermediate oxides between Hb 4 and 


Fig. 15. 



Conditions . Concentration of Hb less than 4%. 


o Solution in distilled water. 

x Solution of saline concentration greater than 0-0 lAf. 

Hb 4 0 8 . The latter hypothesis yields a curve of the S-shaped form 
with which we are familiar in the case of blood. 

In the case of successive oxidations, if the equilibrium constants 
of the four reactions are in the ratios of 4 :3 :2 :1, i.e., if each oxygen 
may be regarded as of the same value and uninfluenced by the 
presence or absence of the others, a curve of the hyperbolic form 
would be produced such as has been obtained in the case of carbon 
monoxide and a dilute solution of hsemoglobin of relative purity. 
It may here be remarked that the “ all or none ” conception may be 
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regarded as a special case of the conception of successive oxides, the 
case in which the equilibrium constants of the intermediate oxides 
have not got finite values, and that being so, it is possible to produce 
any curve of the general type given by the equation 

yjlOO = E&'ji l + K&), 

where n is between 1 and 4, by suitably arranging the equilibrium 
constants of the successive reactions. But we have now passed 
entirely into the domain of speculation. We know of no reason 
why the actual factors which do alter the inflexion of the curve 
should so affect the equilibrium constants of the successive oxidation 
equilibria, and no one has claimed to have isolated any of the inter¬ 
mediate oxides, or to have obtained anything but the most nebulous 
evidence of their existence. 

Yet so long as the physical basis of the inflexion fails to be under¬ 
stood the dream of the physiologist will be unfulfilled, for the 
inflexion of the curve is the biologically important fact about it. 
One day the enigma will be solved, until then we can but strive on 
in the sure and certain hope that “ Nature never has betrayed the 
heart that loved her.” 
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CL ,—A Theory of Colour on the Basis of Molecular 
Strain . The Effect of Chromophoric Superposition , 

By SlKHIBHUSHAN DUTT. 

The visible colour of substances is due to selective absorption of 
certain of the electro-magnetic vibrations causing the sensation of 
white light and the transmission of the remainder. In the present 
paper an attempt is made to show that selective absorption is due 
to molecular strain, such strain being imparted to the molecule by 
the distortion of the normal valency directions produced by any of 
the following causes : 

(a) Formation of a double or triple bond. 

(b) Formation of a cyclic from an open-chain compound. 

(c) Unequal distribution of the masses attached to the atom. 

The amount of strain is roughly proportional to the angular displace¬ 
ments of the valency directions of the atoms. 

Strain in a molecule can be intensified by loading, the greatest 
effect being obtained when the load is in close proximity to the 
centre of strain. The farther the load is from this centre, the less 
is its effect. 

The effect produced when two sources of strain are in close 
proximity in a molecule is much greater than that produced when 
they are remote from each other, because in the former case the 
intervening single linking also assumes a comparatively strained 
condition, thereby increasing the total rigidity of the molecule. 
The two strains produce the greatest effect when they originate in 
the same atom; they have scarcely any mutual effect, each operating 
independently of the other, when they are situated at atoms 
separated by more than one single linking. 

The position of the absorption maximum of a dye, the molecule 
of which contains two different and distantly situated chromophores, 
is approximately the mean of the positions of the maxima of the 
two components of the dye, each containing one chromophore. 
For example, the absorption maximum of the dye 
NMe 2 U 6 ^ 

is at X5570, and those of its components, benzeneazodimethyl- 
aniline and malachite-green, are at X 5040 and X 6190 respectively 
(mean, X5615). A dye containing several chromophores of the 
same kind has almost the same absorption maximum as the dye 
containing only one such chromophore. Hence, in each of these 
two cases, the effects of the strains, situated in distant positions in 
the molecule, are independent of each other. 

ss 
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Experimental. 

Azotriphenylmethane Dyes . Series I. Dyes containing One or 
Two Azo-groups attached to One Benzene Nucleus . 

These dyes were obtained by oxidising the leuco-bases formed by 
condensing mono- and bis-azobenzaldehydes with dimethylaniline. 

Preparation of Azobenzaldehydes. —The following mono- and bis- 
azobenzaldehydes were prepared by diazotising the substance 
named first in the bracket and coupling the product with the 
second-named substance. ^-Aminobenzaldehyde was diazotised as 
described in D.R.-P. 85233 of 1895, and m-aminobenzaldehyde in 
concentrated hydrochloric acid. The coupling with phenol was 
done in 10% sodium hydroxide solution. The coupling with aniline 
or dimethylaniline was done in a mixture of concentrated hydro¬ 
chloric and glacial acetic acids, which were thereafter gradually 
neutralised with sodium carbonate. 

Monoazobenzaldehydes : (1) Benzeneazobenzaldehyde, 

PhN:N-C 6 H 4 -CHO(^), 

prepared by the method described in Beilstein’s “ Organische 
Chemie,” Vol. IV, p. 1068. (2) ^-Hydroxybenzeneazobenz- 

aldehyde, (p)OH*G 6 H 4 *NIN’C 6 H 4 *CHO(p) (^-aminobenzaldehyde; 
phenol). (3) -p-Dimethylaminobenzeneazobenzaldehyde, 
(^)NMe 2 *C 6 H 4 *N:N-0 6 H 4 *CH0(p) 

(p-aminobenzaldehyde; dimethylaniline). (4) p-Aminobenzene- 
azobenzaldehyde, (p)]SnB^*C 6 H 4 -NIN*C 6 H 4 ‘CHO(jp) (-p-aminobenz- 
aldehyde; aniline). (5) ^-Hydroxybenzeneazo-m-benzaldehyde, 
(p)OH*C 6 H 4 *NIN*C 6 H 4 *CHO(?n) (m-aminobenzaldehyde; phenol). 
(6) jp-Dimethylaminobenzeneazo-m-benzaldehyde, 

(p)NMe 2 -CeH 4 -N^T-C ? H 4 -CHO(m) 

(m-aminobenzaldehyde; dimethylaniline). (7) p-Aminobenzene- 
azo-m-benzaldehyde, (p)NH 2 *C 6 H 4 -NlN-C 6 H 4 *CHO(m) (m- amino- 
benzaldehyde; aniline). (8) Benzeneazosalicylaldehyde, 
Ph3ST:N-G 6 H 3 (OH)(jp)-CHO(m) 

(aniline; salicylaldehyde). This substance is identical with the 
compound prepared by Borsche {Ber. t 1900, 33,1325) from benzene- 
azophenol, chloroform, and sodium hydroxide. (9) ^-Hydroxy- 
benzeneazosalicylaldehyde, (p)OH*C s H 4 *N:N*C 6 H 3 (OH)(^>)*GHO(m) 
(p-aminophenol hydrochloride; salicylaldehyde). (10) p-Methoxy- 
benzeneazobenzaldehyde, (j5)OMe*C 6 H 4 ‘NlN*G 6 H 4 ‘CHO(^) 3 prepared 
by treating (2) with methyl sulphate and 3% sodium hydroxide 
solution. (11) 214-Dihydroxy benzeneazobenzaldehyde, 
Ce^OHVN^-CeH^CHO^) 

(p-aminobenzaldehyde; resorcinol). (12) 21314-Trihydroxybenzene- 
azobenzaldehyde, C 6 H 2 (OH) 3 *NIN<3 6 H 4 <5HO(p) (^-aminobenz- 
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aldehyde; pyrogallol). Bisazobenzaldehydes: (13) ^-Hydroxy- 

benzeneazobenzeneazobenzaldehyde, 

(p)Oh*c 6 h 4 *n:n*c 6 h 4 -n:n*c 6 h 4 -cho(p) 

(No. 4, diazotised as described in D.R.-P. 85233; phenol). 
(14) ^-Dimethylaminobenzeneazobenzeneazobenzaldehyde, 

(p)nm6 2 -c 6 h 4 *n:n-c 6 h 4 -n:n-c 6 h 4 -cho(p) 

(No. 4; dimethylaniline). (15) ^-Hydroxybenzeneazobenzeneazo- 
wi-benzaldehyde, (p) OH-G 6 H 4 -N^C 6 H 4 *N:N-C 6 H 4 *CHO(m) (No. 7, 
diazotised in concentrated hydrochloric acid; phenol). (16) p-Di- 
methylaminobenzeneazobenzeneazo-m-benzaldehyde, 

(p)NMe 2 *C 6 H 4 , N^N*C 6 H 4 *N:N*C 6 H 4 *CHO(m) 

(No. 7; dimethylaniline). 

No diazoamino-compound was formed in the preparation of 
substances 4 and 7. 

Substances 2, 11, 12, and 13. were crystallised from glacial acetic 
acid, and substances 3—8, 10, and 14—16 from alcohol. Substance 
9 separated in an amorphous form from acetic acid. 

Some properties of the azo-aldehydes are given in Table I. 


Table I. 


Azobenzaldehydes. 


Azo¬ 
aldehyde. Appearance. 

2 Golden-yellow spangles with metallic 

lustre. 

3 Glistening, red prisms. 

4 Yellowish-brown prisms. 

5 Orange-yellow prisms. 

6 Brownish -yellow needles. 

7 Yellow prisms. 

8 Golden-yellow needles. 

9 Dark brown powder. 

10 Bright yellow needles. 

11 Microscopic, red needles. 

12 Microscopic, brown needles. 

-13 Glistening, brownish-yellow needles. 

14 Bark red needles. 

15 '■ Glistening orange-yellow prisms. 

16 »» »» »* 


(theor. % in 
M. p. brackets). 

199° 12*5 (12*3) 

170 16*9 (16*6) 

158 18*5(18*7) 

164—165 12*2 (12*3) 

116 16*8 (16*6) 
85—87 18*3 (18*7) 

128 12*1 (12*3) 

117—130 11*9 (11*6) 

130—131 11*4 (11*7) 

Above 300 11*2 (11*6) 
11 * 1 ( 10 * 8 ) 
190 17*3 (16*9) 

142—143 19*2 (19*6) 

135 16*7 (16*9) 

128—129 19*8 (19*6) 


General Method of Condensation of Azobenzaldehydes with Dimethyl¬ 
aniline, and Preparation of the Corresponding Azotriphenylmethane 
Dyes .—A solution or suspension of the azobenzaldehyde (1 mol.) 
and dimethylaniline (2 mols.) in ten times their volume of a mixture 
of equal parts of concentrated hydrochloric and glacial acetic acids 
was heated under reflux for periods of time varying from 3 to 12 
hours, the end of the reaction being shown by the production of a 
clear solution and the change in colour from dark red to pale yellow. 

ss2 
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The solution was poured into water, made alkaline with sodium 
carbonate, and every trace of dimethylaniline removed by distil¬ 
lation in steam. The white precipitate of the leuco-base was 
dissolved in dilute hydrochloric acid and reprecipitated from the 
filtered solution with sodium carbonate. In most cases the leuco- 
base could not be further purified or crystallised, owing to oxidation, 
and was therefore directly oxidised to the dye. 

The oxidation was carried out by heating a solution of the leuco- 
base in sufficient 50% acetic acid with slightly more than the 
theoretical quantity of freshly precipitated and moist manganese 
dioxide (prepared by quantitative precipitation of potassium 
permanganate in warm water with alcohol) on the steam-bath for 
about 1 hour, with frequent stirring. After filtration, the solution of 
the colouring matter was treated with excess of saturated sodium 
acetate solution, and the precipitated dye was washed with water, 
dried, and crystallised from various solvents such as chloroform- 
ligroin, benzene, acetic acid, alcohol, and acetone, chloroform- 
ligroin (1 : 2) being the best solvent for the purpose. The substances 
thus obtained were acetates of the corresponding carbinol bases, 
and crystallised in glistening prisms or leaflets with a coppery 
lustre. They are generally sparingly soluble in water or benzene, 
moderately easily soluble in dilute mineral acids, alcohol, acetone, 
or acetic acid, very soluble in chloroform or pyridine, and insoluble 
in ligroin. They dye wool in various shades, from reddish-violet 
to deep blue. 

Series II. Azotriphenyhnethane Byes containing Two Azo-groups 
attached to Two Benzene Nuclei. 

Dyes of this series were prepared by tetrazotising pp'-diamino - 
triphenylmethane and its substitution products, coupling the 
products with dimethylaniline (2 mols.) in the usual manner, and 
oxidising the leuco-bases thus formed, 

1. pp'-Diammotriphenylmethane, CHPh(C 6 H 4 *NH 2 ) 2 , was obtained 
by 0. Fischer’s method ( Annalen , 1881, 206, 147). 

2. j>-Bydroxy-p'p"‘diaminotriphen7jlmeihane, 

OH*C 6 H 4 -CH(C 6 H 4 *NH 2 ) 2 . 

—An intimate mixture of p-hydroxy benzylideneaniline (1 mol.), 
aniline hydrochloride (1 mol.), and concentrated hydrochloric acid 
(5 mols.) was heated in a sealed tube for 6 hours. The product 
was diluted with water, filtered, and the filtrate rendered alkaline 
with sodium carbonate solution. The resulting white precipitate, 
after being washed with water, crystallised from pyridine-alcohol 
: in colourless needles, not melting at 295°, It dissolved very easily 
|^^rt^';:^ids;to;pale/yenow solutions, and was found to contain 
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two amino-groups by titration with N /2-sodium nitrite (Found : 
N, 9-3. C 19 H 1S 0N 2 requires N, 9-7%). 

3. p -Dimethylamino-p'p ''- diaminotriphenylmeikane, 
Mle 2 "C 6 H 4 *CH(C 6 H 4 *NH 2 ) 2 . 

—p-Dimethylaminobenzaldehyde (5 g.), aniline (7 g.), and strong 
hydrochloric acid (50 c.c.) were boiled under reflux for about 
5 hours. The leueo-base was isolated as in the above instance. 
It crystallised from alcohol in colourless leaflets, m. p. 152°. It was 
very soluble in dilute acids and was found to contain two amino- 
groups by the standard method (Found: N, 13*6. C 21 H 23 N 3 
requires N, 13*2%). 

General Method of Preparation of the Dyes of this Series .—The 
diaminotriphenylmethane (1 mol.) in excess of dilute hydrochloric 
acid was treated with sodium nitrite (2 mols.), and the tetrazo- 
solution added to dimethylaniline (2 mols.) dissolved in strong 
hydrochloric or glacial acetic acid. On gradual neutralisation of 
the acid with sodium carbonate, the azo-dye separated. After 
being washed and crystallised from alcohol or glacial acetic acid, 
the leuco-base in hot glacial acetic acid was oxidised to the carbinol 
by freshly precipitated manganese dioxide in the usual manner. 
The dyes thus obtained are yellow, but the leuco-bases are brown. 
They dissolve in concentrated hydrochloric acid with a pink colour, 
whilst in ordinary solvents the colour is yellow. 

Series III . Azoiriphenylmethane Dyes containing Three Azo¬ 
groups attached to Three Benzene Nuclei. 

These dyes were obtained by tetrazotising jp-benzeneazo-#y'-di- 
aminotriphenylmethane and its substituted derivatives, and 
coupling the products with dimethylaniline in the usual way. The 
leuco-bases thus obtained are unaffected by oxidation. In behaviour 
they are all similar to simple azo-dyes like benzeneazodimethyl- 
aniline. They are all yellow, but dissolve in concentrated hydro¬ 
chloric acid with a red colour. 

1. p-Benzeiieazo-p'p"-diaminotriphenylmethane, 

PhN:N’C 6 H 4 *CH(C 6 H 4 *NH 2 ) 2 . 

—This substance was obtained by heating benzeneazobenzaldehyde 
(1 mol.) with aniline (2 mols.) and concentrated hydrochloric acid 
(10 mols.) in a sealed tube at 200° for 6 hours. It crystallises from 
alcohol in brownish-yellow needles, m. p. 174°, and is very easily 
soluble in dilute acids (Found: 1ST, 14*5. requires 

N, 14-8%)^ 

2. pA-Dimethylaminobenzeneazo-'p'-p"-diaminotriphenylmethane, 

me 2 -C 6 H 4 -N^-G 6 H 4 *CH(C 6 H 4 *NH 2 ) 2 . 

—p-Dimethylaminobenzeneazobenzaldehyde (6 g.), 5 g. of aniline, 
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30 c.c. of strong hydrochloric acid, and 20 c.c. of glacial acetic acid 
were heated under reflux for about 3 hours until the colour of the 
solution had changed from dark crimson to pale yellow. The 
solution was poured into water and made alkaline with sodium 
carbonate; the precipitate produced, after being filtered off, 
washed and dried, crystallised from benzene in brownish-yellow 
needles, m. p. 165° (Found : N, 17*0. C 27 H 27 N S requires N, 16*6%). 

3. j)-4:-Hydroxybe7izeneazo-ip f p''-diaminotriphe?iylmethane, 

—This substance was prepared from p-hydroxybenzeneazobenz- 
aldehyde (1 mol.) and aniline (2 mols.) in a similar way to the above. 
It crystallised from alcohol in yellow aggregates, m. p. 162—163° 
(Found : N, 14*5. ' C 25 H 22 ON 4 requires N, 14*2%). 


Series IT. Dyes containing Different Kinds of Chromophores. 

For the preparation of the following dyes of the mixed type, all 
the diazotisations or tetrazotisations were carried out in cold strong 
sulphuric acid solution with the theoretical quantities of sodium 
nitrite. The sulphuric acid solutions were then diluted with ice- 
water aqd coupled with the required quantities of dimethylaniline 
in the usual manner: 

Formula (R = 'N(N<^ ^>NMe 2 ). 
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(1) Azo-oxazine dye : Nile-blue-2-azodimethylaniline (formula I), 
from diazotised Nile-blue A; dark violet, microscopic needles from 

theo., 14*9%). 

■ dye': r Lauih 7 s • violet-2 :7-i 
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(II), from tetrazotised Lauth’s violet; brownish-yellow powder 
from pyridine (N found, 19*7; theo., 19-2%). 

(3) Azo-safranine dyes : (a) Safranine - 2-azodimethylaniline (Ilia), 
from diazotised phenosafranine hydrochloride; dark violet needles 
from alcohol (N found, 20-4; theo., .20-1%). (6) Safranine - 
2 : 1-bisazodimethylaniline (Hit), from tetrazotised phenosafranine 
hydrochloride; brownish-yellow needles from alcohol (N found, 
19-3; theo., 19-7%). 

(4) Azo-indamine dye : Indamine-Z-azodimethylaniline (IV), from 
diazotised phenylene-blue; violet, microscopic needles from chloro¬ 
form (N found, 21*5; theo., 21*3%). 

(5) Azo-indigoid dyes : (a) Indigotin-5-azodimethylaniline (Va), 
from diazotised 5-aminoindigotin; violet needles with silky lustre 
from pyridine (N found, 17*3; theo., 17*1%). (b) Indigotin- 
4: 4' -bisazodimethylaniline (Vb), from tetrazotised 4 : 4'-diamino- 
indigotin (Monatsh., 1905, 62, 1262); brownish-yellow, microscopic 
needles from acetic acid (N found, 19*3; theo., 19*2%). 

(6) Azo-thioindigoid dye : “ Thioindigo 5 ’-5 : 5'‘bisazodimethyl¬ 
aniline (VI), from tetrazotised 5: 5'-diaminothioindigo (D.R.-P. 
240805); light brown, amorphous powder (N found, 14*5; theo,, 
14-2%). 


Series V. Beduplication of the Same Chromophore. 

A. The Azo-group . — 1. Benzeneazobenzeneazobenze?ieazophenol, 
Ph*]^ 2 *C 6 H 4 *ISr 2 *C 6 H 4 *N 2 *C 6 H 4 *OH. Benzeneazobenzeneazoaniline 
( Ber ., 1888, 21, 2145) (1 mol.) was diazotised in cold concentrated 
hydrochloric acid solution, and the product coupled with phenol 
(1 mol.), dissolved in excess of sodium hydroxide, in the usual 
manner. The final product crystallised from glacial acetic acid in 
bright yellow prisms, m. p. 248° (Found ; N, 20*4. C 24 H 18 ON 6 
requires N, 20*7%). 

2. Benzeneazobenzeneazobenzeneazoaniline, 

. Ph-N 2 -C 6 H 4 -N 2 -C 6 H 4 *N 2 -C 6 H 4 *NH 2 , 
was obtained by coupling diazotised benzeneazobenzeneazoaniline 
(I mol.) with aniline (1 mol.) dissolved in the minimum quantity of 
strong hydrochloric acid and, after thorough stirring, adding an 
excess of sodium acetate. The product crystallised from alcohol 
in yellow leaflets, m. p. 194°. No diazoamino-compound was formed 
(Found: N, 24*4. C 24 H 19 N 7 requires N, 24*2%). 

3. Benzeneazobenzeneazobenzeneaz&dimethylcmiline, 

Ph-N 2 -C 6 H 4 *N 2 -C 6 H 4 -N 2 *C 6 H 4 -NMe 2 , 
was prepared in a similar way to the above by using dimethylaniline 
in place of aniline. It crystallised from alcohol in orange leaflets, 
m. p. 218° (Found : N, 22*8. requires N, 22*6%). 
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4. Benzeneazobenzeneazobenzeneazobenzeneazophenol , 

Ph-N 2 -C 6 H 4 -N 2 -C 6 H 4 -N 2 -C 6 H 4 -N 2 *C 6 H 4 -OH, 
was obtained by diazotising benzeneazobenzeneazobenzeneazo- 
aniline (1 mol.) in cold strong sulphuric acid solution and coupling 
the product with phenol (1 moL), dissolved in excess of sodium 
hydroxide, in the usual way. It crystallised from nitrobenzene in 
brownish-yellow prisms, not melting at 290° (Found: N, 22-3. 
C^HggONg requires N, 22*9%). 

5. Benzeneazobenzeneazobenze?ieazobenzeneazodimethylaniline ) 

Ph'^CgH^Na'CeH^^'Cg^-^'GeH^lSMeg, 
was prepared by adding diazotised benzeneazobenzeneazobenzene- 
azoaniline (1 mol.) to dimethylaniline (1 mol.), dissolved in concen¬ 
trated hydrochloric acid, and, after thorough stirring, adding an 
excess of sodium acetate. It crystallised from pyridine in orange- 
yellow prisms, not melting at 290° (Found : N, 23*2. C 32 H 27 N 9 
requires N, 23*4%). 

B. The Diphenylmethane Group. —1. Bistetramethyldiaminodi- 
phe?iyhnethane, (NMe 2 , C 6 H 4 ) 2 CH*CH(C 6 H 4 *NMe 2 ) 2 . A mixture of 
10 g. of glyoxal, 22 g. of dimethylaniline, and 50 c.c. of fuming 
hydrochloric acid was heated in a sealed tube at 180° for 8 hours. 
The product was diluted with water, rendered alkaline with sodium 
carbonate, and distilled in steam until no more dimethylaniline 
passed over. The residue, which solidified on cooling, was ground 
up, washed with wafer, and its solution in dilute hydrochloric acid 
was decolorised by boiling with animal charcoal and sulphurous acid. 
The filtered solution on treatment with dilute sodium hydroxide 
gave a white precipitate of the leuco-base, which was filtered off, 
washed, and dried on a porous plate; it crystallised from ether in 
colourless needles, m. p. 96—98°, which became brownish-violet on 
exposure to air (Found : N, 11*4. requires N, 11*1%). 

2. BisMrarmthyMiaminodiphenylcarbinol {diacetate ), 

C 2 H 3 0 2 -Me 2 N:C 6 H 4 ^p_ r ^ ft H 4 :NMe^C 2 H 3 0 2 
Me 2 N*C e H 4 ^ °^C $ H 4 *NMe 2 

The above leuco-base was dissolved in sufficient 50% acetic acid, 
slightly more than the calculated quantity of freshly precipitated 
manganese dioxide added, and the mixture thoroughly stirred. 
The solution, dark green at first, on warming on the st6am-bath 
became brilliant violet-blue. After heating for about an hour, 
it was filtered, cooled, and treated with an excess of saturated sodium 
acetate solution. The precipitated colouring matter was filtered 
off, washed, and dried; it crystallised from chloroform-ligroin in 
dark violet-blue needles with a coppery lustre which dissolved in 
solvents and dilute acids with a violet-blue colour (Found : 
requires N* 9*0%). 
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C. The Triphenylmeihane Group. —1. leuco -Dimalachite-green, 
(NMe 2 *C 6 H 4 ) 2 CH*C 6 H 4 *C 6 H 4 *CH(C 6 H 4 ‘NMe 2 ) 2 . p-BromoZewcomala- 
chite-green fm. p. 128°, obtained from p-bromobenzaldehycle 
(1 mol.) and dimethylaniline (2 mols.). concentrated hydrochloric 
acid at 200° being used as the condensing agent] was intimately 
mixed with an equal weight of very fine copper bronze, and the 
mixture heated at 210—220° in an atmosphere of hydrogen. In 
1 hour, a reaction took place which was indicated by the loss of 
metallic lustre of the bronze powder. After heating for about 
4 hours, the melt was dissolved in dilute hydrochloric acid, the 
solution filtered, the filtrate decolorised with animal charcoal and 
sulphur dioxide, and the leuco-base precipitated with dilute sodium 
hydroxide. It could not be crystallised and was a white powder, 
m. p. 135—138°, which readily became green on exposure to air 
(Found : N, 8-2. C 46 H 50 ]Sf 4 requires 1ST, 8*5%). 

2. Dimalachite-green {diacetate), 


OAc-NMe 2 .C 6 H 4 ^p p tt tt 

NMeJ-C 6 HP CC6H4C 6 H 4* C < C6 6 H 4 *NMe 2 > 

prepared by oxidising the above leuco-base with manganese dioxide, 
could not be crystallised and was obtained as a brilliant green powder 
which dissolved in organic solvents and dilute acids with a deep 
green colour (Found : N, 7*6. O 50 H 54 O 4 lSr 4 requires N, 7*2%). 

D. The Pyronine Group.—Dipyronine G (formula VII). Glyoxal 
(1 mol.), dimethyl-m-aminophenol (4 mols.), and strong hydrochloric 
acid (10 mols.) were heated together on the steam-bath for about 
12 hours under reflux in a current of carbon dioxide. The product 
was diluted with water, and the leuco-base precipitated with 
sodium carbonate. As it could not be purified in this state, being 
very easily oxidised in the air, it was repeatedly dissolved in dilute 
hydrochloric acid and reprecipitated with sodium carbonate before 
being converted into the dye. This conversion was done by 
dissolving the leuco-base in cold strong sulphuric acid and adding 
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slightly more than the calculated quantity of sodium nitrite, with 
vigorous stirring. The solution became dark red and small steel- 

ss* 
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blue needles began to separate. After 1 hour, the solution was 
poured into ice-water, and the dye precipitated by adding a con¬ 
centrated solution of sodium chloride. It came down in fine 
steel-blue needles with a golden iridescence, and was filtered off, 
washed with a little water, and dried. Its solutions in water and 
in organic solvents have a brilliant pink colour (Found: N, 9*6. 
C^Hg^O^Clg requires 1ST, 9*3%). 

E. The Phthalein Group.—Difluorescein (VIII) was obtained by 
condensing pyromellitic acid with -resorcinol (4 mols.) according to 
the method (J., 1906, 89, 1787) by which the corresponding com 
pound was prepared from mellitic acid. It is a dark yellow, 
amorphous substance, not melting at 300° (Found : C, 69*5; H, 3*4. 

requires C, 69*6; H, 3*0%). 

F. The Oxazine Group .— JDi-Meldola's blue (IX). ^-Nitrosodi- 
methylaniline hydrochloride (4|- mols.) and 2 ; 7-dihydroxynaphtha- 
lene (1 mol.) were heated together in alcoholic solution under reflux 
for 24 hours. The black crystalline colouring matter that had 
separated was filtered off, washed with alcohol and water, and dried. 
It was a black, crystalline powder, dissolving in organic solvents 
with a dark green colour (Found : N, 11*6. C O6 H 22 0 2 N 4 C]o requires 
N, 11*3%). 



6. The Azine Group .—1. Phenazineazine (X) was obtained by 
condensing 2:3-diaminophenazine (Ber., 1889, 22, 356) with 
'©'benzoquinone in concentrated sulphuric acid solution. It crystal¬ 
lises from nitrobenzene, and also sublimes on careful heating, in 
^bright yellow needles which do not melt at 290° (Found : N, 19*7. 
<3 18 H la N 4 requires N, 19*8%). 

g 2. PhmazineazirieaziTie (XI) was obtained by condensing 2 : 3-di- 
with 2 : 3-dihydroxyphenazine (Ber., loc. cit .) in 
’ ^ sulphuric acid solution containing 30% of sulphur 

It ‘ ciystallises from nitrobenzene in microscopic yellow 



THE BASIS OF MOLECULAR STRAIN. , 1181 

needles which do not melt at 290° (Found ; N, 21*6. C 24 H 12 N S 
requires N, 21*8%). 

Series VI. 

A. Malachite-green with a Bridge Linking between Two Benzene 
Nuclei .—1. 3 : 3 '-Tetrarmthyldiaminodiphenyl, 
NMe 2 -C 6 H 4 -C 6 H 4 *NMe 2 . 

3 : 3'-Dinitrodiphenyl {Ber., 1901, 34, 2177) was reduced with tin 
and hydrochloric acid in the usual way, the tin precipitated with 
hydrogen sulphide, and the filtered solution evaporated to dryness. 
The hydrochloride of 3 : 3' - diaminodiphenyl, thus obtained in long, 
colourless, silky needles, was dissolved (10 g.) in 150 c.c. of water, 
and 60 g. of methyl sulphate were added, about 5 g. at a time with 
vigorous shaking, during an hour, the solution being neutralised 
from time to time with 10% sodium hydroxide solution; methyl- 
ation was complete when excess of sodium hydroxide failed to 
precipitate any amino-compound. The yellow crystalline chromate 
of the quaternary base precipitated from this solution by a strong 
aqueous solution of chromic acid was filtered off, washed with 
water, and treated in aqueous suspension with sulphur dioxide. 
The dark green solution thus obtained was boiled to drive off the 
excess of sulphur dioxide and rendered strongly alkaline with 
ammonia, the precipitated chromium hydroxide washed with water, 
and the filtrate and washings were evaporated to dryness. The 
residue was extracted with absolute alcohol, and the extract, after 
being distilled on the steam-bath until no more alcohol came over, 
was heated at 250° in a vacuum for | hour; only a small, pale 
yellow distillate, however, was obtained. The distillate and the 
residue were dissolved in hot dilute hydrochloric acid and the solu¬ 
tion was decolorised with animal charcoal. From the filtered 
solution dilute aqueous sodium hydroxide precipitated a solid, which 
crystallised from alcohol in clusters of colourless needles, m. p. 
126—128°, easily soluble in dilute mineral acids (Found : N, 11*5. 
Ci 6 H 20 N 2 requires N, 11*8%). 

2. The leuco-base, 3 : Q-tetra7nelhyldiamino-9-phenylfluore?ie (XII). 
A solution of 3 : 3 '-tetramethyldiamlnodiphenyl (1 mol.) and benzal 
chloride (1 mol.) in dry carbon disulphide was heated under reflux 
with powdered anhydrous aluminium chloride (2 mols. plus 10% 
excess) for about 6 hours. The carbon disulphide was distilled off, 
the dark brown aluminium compound decomposed with water, 
and the white residue filtered, washed, and extracted with very 
dilute acetic acid (in which 3 :3'-tetramethyldiaminodiphenyl is 
insoluble). The extract was rendered alkaline with sodium carbon¬ 
ate, and the precipitated leuco-base filtered off and washed with 

s s* 2 
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Table II. 

Absorption Maxima of Azotriphenylmethane Dyes. 

The dye whose symbolical formula is in the first column was prepared from 
the aldehyde, the reference number of which is in the second column. 
a denotes the absorption maximum of the dye in alcoholic solution containing 
1 mol. of HC1, and in the last column are its found and theoretical (in brackets) 
percentages of nitrogen. A = C 6 H 5 *N:ISr* or •C< J H 4 *N:N-, B = C 6 H 5 or C c H 4 , 

etc. , C = methane carbon atom, and R and R' respectively = ^)NMe 2 and 
:<^~^>:NMe 2 *OAc. 

Formula. Aldehyde. a. N %. 

B*C*RR' (malachite-green). — 6190 — 

A*B (azobenzene). — 4310 — 

A*R (butter-yellow). — 5040 — 

A*B.C:RR'. 1, 1 5720 11*5 (11-2) 

(4)HO-B*A*C:RR / . 1,2 5560 11-3 (11-0) 

(4 H0-B-C:RR'. — 5960 (J., 1917, 111, 815) 

(4)HO-B*A-A-C:RR'. I, 13 5580 14-1 (13-7) 

(2:4)(HO)JB*C:RR'. — 6010 (J., ibid.) 

(2:4) HOfcB-A-CJER'. I, 11 5650 11-0 (10-7) 

(2:3:4)(HO) 3 B*C;RR'. — 6120 (J., ibid.) 

(2:3:4)(HO) 3 B*A*C;RR'. I, 12 5670 10*8 (10-4) 

R*CSRR' (crystal-violet). — 5990 — 

R*A*C:RR'. I, 3 5570 13-4 (13-0) 

R*A*A*C:RR'. I, 14 5580 15-8 (15*3) 

(3) HO*B : C;RR' (patent blue). — 6010 7*1 (6*9) 

(4) HO*B*(l)A*(3)C:RR'. 1,5 5650 11*8 (11*0) 

(4)HO*B*A*(l)A*(3)C:RR'. 1,15 5780 14*0 (13*7) 

(2)HO*B*( 1 )C-RR'. — 5990 7*2 (6-0) 

HO{2)> B ' (l)C : BR '- 1. 3 6670 11-9 (11-8) 

(4)MeO-B-C:BR'. — 6050 {Ber., 1881,14,2523) 

(4)MeO-B-A-C;.RR'. 1, 10 5610 10-9 (10-7) 

(1)H ^|||>B-(1)C;RR'. 1,9 5650 11-1 (10-7) 

water. It could not be crystallised and melted at 92—94° (Found: 
N, 8-7. requires N, 8-5%). 

3. The dye (acetate) (XIII). The above leuco-base was oxidised 
in 50% acetic acid solution with freshly precipitated manganese 
dioxide in the usual manner. It was obtained from chloroform- 
ligroin as a dark green, crystalline powder, which formed dark green 
solutions in organic solvents and dilute acids (Found : N, 7*5- 
C 25 H 26 05 >N 2 requires N, 7-2%). 

AcO-Me^/X 0,./\ 


CHPh 


\/\ 

\A 

f CPh. 

1 c 

YV 

/V 


ho W 


CO a H 


. . <xni.) • <xiv.) 

Pf!% Fkmolphthalein with a Bridge across two Benzene Nuclei (XIV). 
f nalxtee .of 9 g. of 3 :3'-dikydro:sydiphenyl (Ber.,. 18W, 27, 
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2107), 7-5 g. of phthalic anhydride, and 15 g. of anhydrous alu¬ 
minium chloride was heated at 200° for o hours. The product was 
powdered, extracted with boiling water, the residue dissolved in hot 
aqueous sodium carbonate, the solution filtered, and the filtrate 
acidified; the dye was thus obtained in pale purple flocks. It 
crystallised from glacial acetic acid (animal charcoal) in colourless 
needles, not melting at 285°. It dissolved in alkalis with a bluish- 
red colour (Found: C, 75-7; H, 4-0. C, 0 H 12 O 4 requires C, 75-9; 
H, 3-7%). 

Table III. 

Absorption Maxima of Azotriphenylmethane Dyes (Series II and III). 

These dyes were prepared by tetrazotising the amines referred to in the 
second column, coupling the products with dimethylaniline (2 mols.), and 
oxidising the final products, a is now the absorption maximum of the dye 
in cone. HC1. 


Formula. 

Amine. 

a. 

N %. 

B-C(OH);(A-B) 2 . 

11,1 

5050 

15*5 (15*1) 

(4)OH*B*C(OH);(A*B)*. 

H,2 

5140 

15*1 (14*7) 

R*C(OH):(A*R)o, 

11,3 

5160 

16*1 (16*4) 

B*A*CH:(A*R) 2 . 

in, i 

5070 

17*8 (17*4) 

(4)OH*B*A*CH:(A*R)«. 

III, 3 

5070 

17*5 (17*0) 

B*A*CH:(A*R) 2 . 

III, 2 

5070 

18*2 (18'3) 
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GLL—Studies on the Walden Inversion . Part X. 
The Reaction between Water and the Phenylchloro- 
acetate and Phenylbromoacetate Ions , 

By Allan Miles Ward. 

Racemisation may be effected by two processes apparently 
distinct, namely (1) without displacement of groupings, and (2) 
during group-displacement. Catalytic racemisation falls under 
case (1). The generally accepted mechanism of (1) is that the 
racemisation is due either (a) to a tautomeric change, or (b) to an 
equilibrium existing between the original substance and the products 
formed by its dissociation, one of which is unsaturated at the 
asymmetric centre (compare Lowry, Rep. Brit . Assoc., 1904; 
McKenzie and Widdows, J., 1915, 107, 702; McKenzie and Wren, 
J., 1919, 115, 602 ; Walden, “ Optische Umkehxerscheinungen, 5 ’ 
1919, Y Kapitel). By such a mechanism the resulting mixture of 
optical isomerides, if not quite inactive, must contain an excess of 
the isomeride initially present, a Walden inversion thus being 
impossible. This statement, however, would not be applicable in 
the case of asymmetric catalytic racemisation (McKenzie and 
Smith, Ber., 1925, 58, 894). On the other hand, racemisation of 
type (2) may be effected by the occurrence of two simultaneous 
reactions, whereby both d- and Z-isomerides of the product are 
formed as follows: 

The two reactions, which may be identical from the ordinary 
kinetic standpoint, proceed with velocities, the coefficients of which, 
h x and k 2 , may be equal or different. The relative values of k x and 
h might vary largely according to the experimental conditions, so 
that in some cases k 2 would be negligible in comparison with k x , 
when only one isomeride would result. When k x and k 2 become 
equal, the product would be entirely racemic; whilst, depending on 
relative values of k x and k 2 , a complete range of intermediate 
either sign is possible. By such a mechanism a Walden 
• - may thus be effected. This view has been suggested in 
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various forms many times previously (compare Fischer, Annalen, 
1911, 381, 126; Werner, ibid., 1912, 386, 68), and the experiments 
of Holmherg, whereby active products of either sign are produced 
from a given initial material, provide a proof for the case in which 
the mechanisms of the production of the two isomerides differ 
when deduced from the ordinary kinetic standpoint. Thus the 
kinetic results (Holmberg, J. pr. Chem., 1913, 87, 456) show that 
the conversion of sodium or silver Z-bromosuccinate into malic acid 
proceeds through an intermediate stage, since definitely established 
as malolaetone. If this reaction is carried out in acid solution, the 
product from Z-bromosuccinic acid is r- and Z-malie acids, whilst 
in alkaline solution r- and <#-malic acids are formed. Holmberg 
represented this by the following scheme : 

Z-Bromosuecinic acid as sodium salt 

i 

d-rotatory bromine-free intermediate compound 
(in acid solution) | | (in alkaline solution) 

i ~ i 

Z-malic acid d-malie acid. 


This scheme closely resembles the one used above, but the mechanism 
of the production of the malic acids from the lactone is not discussed, 
and appears to be more allied to Phillips's investigations (J,, 1923, 
123, 22; Kenyon, Phillips, and Turley, J., 1925,127, 399; Phillips, 
ibid., p. 2563) than to the present work, the reaction probably taking 
place by the fission of one or other of the bonds in malolaetone as 
indicated in positions (a) and (b) 

co-ch 2 *ch*c<v 

M-o-M 
(«) w 


In the subsequent experiments on the xanthosuccinic acids and the 
thiolmalic acids (Holmberg, J. pr. Chem., 1913, 88, 553; Arlciv 
Kemi, Min., Geol., 1916, 6, No. 1; 1916, 6, No. 8; Holmberg and 
Lenander, ibid., 1917, 6, No. 17) evidence from kinetic results shows 
the reaction to proceed both by direct substitution of the halogen 
and also via the lactone, and from experiments with the reactants 
in various concentrations, the following mechanism was put forward 
for the conversion into the thiolmalic acids (and similarly for the 
xanthosuccinic acids): 

(а) Z-M0 2 C*GH 2 *CHBr*C0 2 M + MSH -> 

cZ-M 0 2 C*CH 2 *CH(SH)*C0 2 M + MBr. 

(б) Z-M0 2 C'CH 2 'CHBr*C0 2 M cZ-CO-CB^-GH-CO^M ->■ 

i—Q—i 

Z-MO^C-CHa-CHlSHj-OOgM. 
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The mecha nis ms for the production of the stereoisomeric thiolmalic 
acids (and xanthosuccinic acids) are here kinetically different, 
whereas in the present investigation the mechanisms are the same 
from the ordinary kinetic point of view. 

Considered on a quantitative basis, the reaction (e.g.) 


Z-chloro-compound + water (excess) 



>r 


Z-hydroxy-compound 



d-hydroxy-compound, 


in order to fulfil the conditions of the above mechanism, must (from 
the results of kinetic measurements) be one of a simple order, and 
the value of k thus calculated will be equal to k ± + & 2 , whilst, from 
the results of measurements of the change of rotation of the solution 
of the active substance with time under the same conditions as 
employed for the inactive, the same value of k should result. To 
test these considerations the conversion of sodium Z-phenylchloro- 
acetate into sodium r- and Z-mandelate has been carried out. The 
action of water on Z-phenylchloroacetic acid, of water on sodium 
Z-phenylchloroacetate, and of aqueous sodium hydroxide on sodium 
Z-phenylchloroacetate was first studied by McKenzie and Clough 
(J., 1908, 93, 811; 1909, 95, 777), who found that the mandelic acid 
produced was lsevorotatory and that extensive raeemisation 
occurred in these changes. The kinetics of the conversion of 
r-phenylehloroacetic acid and its sodium salt in aqueous solution, 
and also of the sodium salt in aqueous caustic soda solution, have 
been investigated (Senter, J., 1915, 107, 908), and it was shown 
that each of the above reactions is one and the same, namely, the 
reaction of water with the phenylchloroacetate ion. The best 
value for the velocity coefficient for the conversion of sodium 
r-phenylchloroacetate in aqueous sodium hydroxide solution at 25° 
was considered to be 0-00146, where time is measured in minutes, but 
the values of k actually found ( loc . cit., p. 914) at 25° for the sodium 
salt {N /10) were 


(a) in caustic soda (N/ 10), 0*00138, 0-00142, 0*00145, 

(b) „ ■„ (#75), 0-00134, 0*00134, 0-00138. 


Thus the reaction here dealt with is PhCHCl-C0 2 ' + H^excess) —> 
PhCH(OH)*C0 2 ' -j- NaCl from the kinetic point of view. Table I 
gives the results of the corresponding polarimetric exper im ent, 
which was earned out as follows. To 150 c.c. of aqueous sodium 
^hydroxide (0*1858#) at 24*85° were added 2*3037 g. of Z-phenylchloro- 
.acid with- — 191*5° in benzene (resolved by the method of 
CSoi^h, loc. cii. } except that the morphine salt was 
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decomposed by dilute aqueous ammonia). The acid rapidly 
dissolved to a clear, colourless solution, which was maintained at 
24*85°. Samples were withdrawn at the times shown in Table I, 
and their rotations determined, using a 2-dem. tube and the yellow 
mercury line. 




Table I. 

* k . 


Time. 

6 t (obs.). 

0* (calc.). 

Differential. 

Integral. 

0 mins. 

—[4*52] 




7 

4*50 




39 

4*24 

-4*25 

0*0019 

0*00168 

61 

4*12 

4*11 

0*0013 

0*00156 

121 

3*75 

3*74 

0*0016 

0*00158 

181 

3*38 

3*33 

0*0018 

0*00165 

240 

3*05 

3*10 

0*0018 

0*00169 

300 

2*82 

2*83 

0*0014 

0*00162 

360 

2*55 

2*58 

0-0018 

0*00164 

420 

2*35 

2*35 

0*0014 

0*00161 

480 

2*15 

2*14 

0*0016 

0*00160 

543 

2*00 

1*95 

0*0012 

0-00156 

600 

1*76 

1*79 

0*0024 

0-00164 

665 

1*59 

1*62 

0-0017 

0*00164 

730 

1*50 

1*47 

0*0010 

0-00158 

1510 

0*54 

0*50 

0*0013 

0-00154 

1773 

0*38 

0-36 

0*0017 

0-00157 

2037 

0*26 

0-28 

0*0022 

0-00166 

2931 

0*16 

0*15 

0*0011 

0-00153 

5 days 

0*11 




8 * 

0*10 




17 

0*11 

Mean 0*0016 Mean 0*00161 


The values of h differential (column 4) are obtained from the 
formula 

7 _ m 2 

. efc + efc-ae" 

where 6^ and 6 fl are consecutive observations, 86 = 0^ — \ and 
sss t 2 — t v The values of k thus calculated are irregular, as is 
only to be expected, since a small error in the determination of 0* 
causes, by this method, a large variation in the coefficient. No 
drift in value, however, occurs, and the applicability to this case is 
thus shown of the integrated form (column 5) for a unimolecular 

reaction, namely, k = log 10 1 0 - 11 ? 22 -- 

This method of calculation does, however, suffer from the defect 
that great importance is placed on the value of 0 O , but the mean 
value of k obtained by both methods is substantially the same. A 
duplicate determination using an acid with [a] 5780 — 188° gave 
k = 0*00160. 

It would thus appear that the mechanism is in the main as 
postulated, but the divergence between the values of the coefficients 



1188 WARD : STUDIES ON THE WALDEN INVERSION. PART X. 

as thus calculated and those of Senter (Zoc. cit.) remains to be 
accounted for. The following experiment on sodium Z-mandelate 
showed that under the conditions of the preceding experiments 
mandelic acid does not undergo catalytic racemisation, at least with 
any speed comparable with that of the displacement here studied. 
To 1*3865 g. of Z-mandelic acid with [a]^o — 159° in water, was added 
a mixture of 50 c.c. of sodium chloride (0*20202V V ) and 50 c.c. of 
aqueous sodium hydroxide (0*1858I\ 7 ) at 24*85°. The solution was 
maintained at this temperature, and samples were withdrawn at 
intervals and their rotations determined, the yellow mercury line 
and a 2-dcm. tube being used. The results are shown below : 

Time (hours) 0*10 2*05 12*05 30*5 50-0 3 days 9 days 

Rotation ... -3*25° -3*43° -3*35° -3-43° -3*44° -3*44° -3*44°. 

Thus no contributory factor here arises to produce the difference 
in the two values. There remains the slight possibility that the 
coefficient for sodium Z-phenylchloroacetate is not the same as that 
for sodium r-phenylchloroacetate, but this was disposed of by 
carrying out experiments (a) and (6) below. 

(а) To 1*4822 g. of Z-phenylchloroacetic acid, with [a]g&o 
— 188° at 24*85°, were added 100 c.c. of sodium hydroxide 
(0*2010iV). Samples of 10 c.c. were withdrawn at times shown, 
and titrated against sulphuric acid (1*037 x 1^/20), phenol- 
phthalein being used as indicator. 

(б) This experiment was carried out simultaneously with (a), 
and the conditions were identical, except that 1*5816 g. of 
r-phenylchloroacetic acid were used. 

The results are in Table II, h being equal to 2*3 jt . log 10 a/(a — as). 

Table II. 



Z-Acid. 



r-Acid. 


Time* 

Titre. 

"v. 

k . 

Time. 

Titre. 

■ ■ ■ ~s 

k. 

3 mins* 
60 

21*45 

20*38 


4 mins. 
60 

20*43 

19*13 


m 

18*22 

0*00128 

180 

16*84 

0*00126 

360 

15*42 

0*00131 

360 

13*89 

0*00129 

540 

13*31 

0*00129 

540 

11*57 

0*00130 

660 

12*03 

0*00131 

660 

10*20 

0*00133 

1500 

7*41 

0*00131 

1500 

5*10 

0*00138 

4 days 

5*09 


6 days 

2*87 



Mean 0*00130 

Mean 0*00131 


It thus appears certain there is a divergence between the values 
k as determined from titres and from optical measurements, 
tins may be satisfactorily accounted for by assuming that, in 
^p ^teition to the displacement racemisation of the phenylchloro- 
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acetate ion, there is a simultaneous catalytic racemisation of this 
ion, so that the completed scheme would become : 



If a is the initial concentration of ^-chloro-compound, b the initial 
concentration of Z-chloro-compound, x and y the amounts of d- and 
Z-chloro-compounds respectively changed in time t, 

then dxjdt = k x {a — x) — k x (b — y) + (k 2 + k 3 ){a — a?) . (1) 
and dy/dt = k x {b — y) — k x {a — x) + (& 2 + k 3 )(b — y) . (2) 

Integration of (1) and (2) gives 

a; = a — + — — — - - er@h+h + . (3) 

z z 

and y = 6 — a *« + W +*• + *»)< . . (4) 

2 a 


For the hydroxy-compounds, if w d and w% are the concentrations of 
d- and Z- forms, respectively, present at time t, 

then dw d jdt = k 2 { a — a;) + £ 3 (6 — y) ... . (5) 


Substituting in (5) the values of a; and 3 / in (3) and (4) and 
integrating 




& -f* b mn . 
=-A—tfv* 


+*# ■ 


Z?0 “ I'O 


a* t + + *3' 


Similarly 


+ 


- + ** + *,)« 

A 

(&i 4~ &$) a 4~ (&i + &$ )& 
2A?! + &2 “b ^3 


(ji jh ^3)^ "H (^1 juji2)^ 
2 A X + 

Thus at any time Z, the observed rotation of the solution ( 0 *) is 
equal to the rotation of the chloro-compounds .-j- the rotation 
of .the hydroxy-compounds, ^e., 0 { = Delia — x) — {b — 3 /)} + 
D os (w d — wi), where Dcu D os are the rotations of unit concentrations 
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of <$-cHoro- and ^-hydroxy-compounds, respectively, under the 
given conditions, i.e., 

0 « = Dd{a -b)e<W*+^ + DoR . 

In the present case, a = 0, so that 

0,=- D ct . b. e-VW‘+W-D oa . b. - e -c^+*,+*,)<} (6) 

To evaluate & l9 & 2 and & 3 , we have from (6) when t = 0, 

0 O = — D C2 . 6 = — 4-52 (Table I) . . . (7) 

and when t = «, 

^=-D 0s .b. 2k^r^+T 3 = ~ °' 11 < Table *>• 
Substituting in (6), 

6 t = — 4*52e“< 2 ^ + ^+^ — 0*11 + 0-lle-^i + ^ + ^ 

= — 4-41e‘(- u x + ^+^ — o-ll, 


•i.e., 


therefore 


+ ^'2 T 


2k t -I- k 2 -f- k 3 ~ 


-441 _ 6p — 0eo 

~ 6 , + o-ii ~ e« - e M ’ 

X lo Sio = 0-00161 (Table I) 


and & 2 + & 3 = 0*00130 (Table II), so that & x = 0*000155. 

further, from the data on p. 1188, 2*054 g. of mandelic acid 
(= 2*3037 g. of phenylchloroacetie acid) have rotation — 3*39° = 

— Dq% ,b. 

Therefore from (7), — 0*11 = — 3*39 J 2 A - A 1 |f 3 so that k 2 — fa — 

0*000052, whence k 2 = 0-000676 and & 3 = 0-000624 and 0 * = 

- 4-41e“°* wl61f — 0*11. 

Tor comparison with the observed values of 0 ,, those values thus 
calculated are shown in column 3, Table I. 

The divergence between the coefficients from the corresponding 
titration and optical experiments is thus satisfactorily accounted 
for by assuming that besides the displacement racemisation, there 
is also a catalytic racemisation. 

It becomes of interest to review in the same way the results of 
McKenzie and Walker (J., 1915, 105, 1685) on the conversion of 
i-phenylbromoacetic acid and its sodium salt in aqueous and 
aqueous caustic soda solutions, in conjunction with the corresponding 

K ie experiments of Senter and Tucker (J., 1916, 107, 690). 
experiments of Senter and Tucker on the reactions between 

. acid and its sodium salt, and also 
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between aqueous caustic soda and sodium r-phenylbromoaeetate, 
showed that the main reaction in each case consists of the inter¬ 
action of water and the phenylbromoacetate ion, exactly as for 
phenylchloroacetie acid. From the results on the bromo-aeid, it 
was considered that in this case water also reacts with the undis¬ 
sociated acid, the reaction between water and the ion being some 
120 times faster than between water and the undissociated acid. 
The main reaction here dealt with is, therefore, PhCHBr*C0 2 ' + 
H 2 0(excess) —> PhCH(0H)*C0 2 '. As for the chloro-acid, the rate 
of reaction is thus dependent on the hydrogen-ion concentration, 
and development of hydrogen ions during the reaction causes a 
marked falling off in the value of the velocity coefficient. McKenzie 
and Walker found in some of their experiments that the reaction 
between water and Z-phenylbromoacetic acid gave d- and r-mandelic 
acids, whilst in other cases Z- and r-aeids resulted, and to account 
for this the following scheme was put forward (Zac. cit., p. 1689): 

(I) Z-PhCHBr-C0 2 H + H 2 0 = HBr + r : and Z-PhCH(OH)-C0 2 H 

(II) r- and Z-PhCH(OH)-C0 2 H + HBr = H 9 0 + 

r- and /-PhCHBrC0 2 H 

(III) r- and d-PhCHBr-C0 2 H + H 2 0 = HBr + 

r- and cZ-PhCH(OH)*C0 2 H. 

The changes of rotation involved in the cases on which this theory 
is based were very small. Thus from the data in Table I {loc. cit 
p. 1693) the change is from — 0*02° to + 0*04°. Assuming that the 
Z-rotation due to the mandelic acid when (I) is complete is — 0*02°, 
if no racemisation at all took place in (II) and (III), then the 
rotation of the ^-mandelic acid would be -f- 0*02°, and could not be 
+ 0-04° by this mechanism, although a difference of ±0-02° is 
within the limits of experimental error. If, however, it is assumed 
that (II) and (III) proceed at all, extensive racemisation would 
undoubtedly accompany both stages, so that for practical purposes 
the resultant mandelic acid would be optically inactive. Further¬ 
more, these processes must be assumed to continue indefinitely, and 
by the above mechanism complete racemisation must ultimately 
result, but in the first experiment quoted {loc. cit., p. 1692), the 
mandelic acid isolated after 3 weeks had a D + 0*16°, [a] D + 4*7°, 
whilst in the second experiment, the mandelic acid isolated after 
two months at 25° had a D -f- 0*31°, [a] D -f- 5*2°. It does not appear 
justifiable to base any accurate comparison on the third experiment 
{loc. cit., p. 1692), in which an optically impure phenylbromoacetie 
acid ([a] D — 70°) was used, when it was found that the rotation of 
the solution before isolation of the product was a D — 0*16°, and of 
the mother-liquors after isolation was a D — 0*45°; the rotation of 
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the mandelic acid isolated (= 18-2% of theory) is not recorded, and 
the rotations of the solutions in this case might well be due to some 
impurity present initially in the partly racemic phenylbromoacetic 
acid used. Thus it does not appear that McKenzie and Walker's 
scheme is correct. Also no explanation is apparent for the almost 
complete racemisation in stage (I). On the other hand, if the 
mechanism of the reaction is assumed in the main to be 


d-PhCH(0H)*C0 2 ' 


Z-PhCHBr*C0 2 ' + H 2 0 (excess) 


^ Z-PhCH(0H)*C0 2 ' 

where k x and k 2 are nearly equal, closer agreement between theory 
and experiment is obtained. In some cases, according to the 
conditions, k ± may be greater than k 2 , corresponding with the pro¬ 
duction of a final dextrorotation, whilst if k t is less than k 2 , then 
the solution will remain lsevorotatory. This explanation is only 
tenable if the change of sign of rotation is in accord with the displace¬ 
ment effect as determined by titration, and whereas McKenzie and 
Walker’s experiments showed the displacement to be complete before 
a final steady rotation value was obtained, the following experimental 
results did not confirm this. 


Reaction between Water and T-Phenylbromoacetic Acid at 25°. 

Water (250 c.e.) was added to r-bromo-acid (1*3438 g. = A/40 and 
2*5088 g. = 1*867A/40, respectively); in the case of the A/40 
solution, 72 minutes elapsed before the solution was homogeneous, 
whilst for the l*867A/40 solution, 173 minutes were required. 
These times are reckoned as zero in each set of results. Samples 
(10 c.c.) were withdrawn and titrated against sodium hydroxide 
solution (1-011 A/40), with phenolphthalein as indicator. The 
results are in Table III, and k 2 being calculated from the usual 
unimolecular formula. 

a Tiie theoretical final titres are 19*78 c.c. and 36*93 c.c., respec¬ 
tively. The above data confirm the results of Senter and Tucker 
{he. cit y p. 694) and McKenzie and Walker (he. cit ., p. 1693) that 
the value of the velocity coefficient in A/40 solution is appreciably 
higher than in 1*867 x A/40 solution (McKenzie and Walker state 
their results as k X 10' 3 , whereas they should be k x 10~ 2 x 2*3). 
This difference is in accord with the different relative concentrations 
of phenylbromoacetate ions in the two solutions, for, in the reactions 


i ; PhCHBKXlgH. PhCHBr*C0 2 ' + H* 

+ HgO (excess) —^ PhCH(0H)-C0 2 ' + ET + Br' 
+ H* PhCH(0H)*C02H, 
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Table III. 



N/40. 



1*867 X N/40. 


Time. 

Titre. 

V* 

Time. 

Titre. 


0 mins. 

12*7 


0 mins. 

25*5 


15 

13*3 

. 0-00596 

15 

26*3 

0*00480 

30 

13-9 

0-00626 

30 

27*0 

0*00465 

60 

14*2 

0-00401 

60 

27*5 

0*00318 

90 

15*0 

0*00442 

90 

28*1 

0*00284 

120 

15*5 

0-00425 

120 

28*6 

0*00261 

150 

15*9 

0-00407 

150 

29*2 

0*00258 

180 

16-2 

0-00385 

180 

29-9 

0-00268 

210 

16*6 

0-00388 

210 

30*4 

0*00264 

240 

16*9 

0-00381 

240 

30*7 

0*00251 

270 

17*1 

0-00366 

270 

31*3 

0*00260 

330 

17*5 

0*00350 

330 

31*8 

0-00240 

390 

17*8 

0-00334 

390 

32-0 

0*00213 

450 

18*1 

0-00328 

450 

32*5 

0*00208 

510 

18*4 

0*00330 

510 

32*9 

0-00202 

570 

18*6 

0-00324 




25 hrs. 

19*3 


24 hrs. 

36*0 


47 

19*7 


454 

37*0 


72 

19*7 


70| 

37*0 



if a 1 is^the initial concentration of bromo-acid and the degree of 
dissociation, the initial concentration of phenylbromoacetate ion is 
a 1 a 1 and therefore the initial rate of reaction is whereas the 

rate in Table III is actually measured by k x a v so that k — kj^ = 
& 2 /a 2 similarly. Now a x = 0*3106 for N /40-solution, since the 
dissociation constant for phenylbromoacetic acid is 0-0035 (Senter 
and Tucker, loc. cit p. 692) and k x = 0*00406, taking the mean 
value in Table III (since the initial. values are irregular), so that 
k = 0-013. Similarly for 1-867A T /40-solution, a 2 = 0*2390 and 
k 2 = 0*00284, giving k = 0*012, 

The important point of difference, however, is that whereas 
McKenzie and Walker’s titration experiment showed the displace¬ 
ment of halogen to be complete after 25| hours, in the present 
experiments all the halogen was not displaced in this time, but was 
complete only after some 50 hours, for the initial rate of reaction 
falls off rapidly as the reaction proceeds, owing to the accumulation 
of hydrogen ions in the system. 


Reaction between Water and hPhmylbroinoacetic Acid at 25°. 

The optical kinetic experiment of McKenzie and Walker (loc. cit., 
p. 1693) was also repeated, but in this case a 4-dcm. tube was used 
and measurements were made both for the yellow and the green 
mercury lines. Accordingly 0*3011 g. of Z-bromo-acid with [a]£Ji 
— 177° in benzene was dissolved in 30 c.c. of water (= 1-867V/40) 
at 25°. Solution occupied 62 minutes, and this is shown as zero¬ 
time in Table IV. The values of k are calculated for a unimolecular 
reaction. 
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Table IV. 


Time. 

a 5780* 

h. 

a 25 ’ . 

0461 * 

h. 

0 mins. 

—4*25° 


-4*67° 

0*00428 

15 

— 3*98 

0*00427 

-4*37 

30 

— 3*76 

0*00397 

-4*09 

0*00428 

45 

-3-56 

0*00382 

-3*87 

0*00404 

60 

—3*29 

0*00414 

-3*65 

0*00397 

90 

-2-92 

0*00409 

-3*21 

0*00401 

120 

— 2*64 

0*00384 

-2*85 

0*00396 

150 

—2*34 

0*00384 

-2*57 

0*00382 

180 

— 2*08 

0*00382 

-2*27 

0*00383 

210 

— 1*83 

0*00385 

-2*03 

0*00378 

240 

-1*67 

0*00373 

-1*83 

0*00371 

270 

— 1-4S 

0*00373 

-1*63 

0*00370 

330 

-1*20 

0*00364 

-1*32 

0*00361 

390 

-1*00 

0*00350 

-1*05 

0*00358 

450 

-0*77 

0*00355 

— 0*S5 

0*00351 

570 

-0-53 

0*00336 

-0*55 

0*00340 

690 

—0-33 

0*00332 

-0*36 

0*00328 

25 hrs. 

4* 0*04 

0*00275 

+ 0*05 

0*00265 

30J 

+ 0*07 


-4-0*09 


34* 

H-o-os 


+ 0*10 


491 

4*0*12 


+ 0*14 


120“ 

4*0*11 


-1-0*14 



The final change in the rotation of the solution is thus to be 
attributed to the completion of the displacement reaction, and 
stages (II) and (III) of McKenzie and Walker’s scheme become 
unnecessary. For comparison, the various results in the two 
papers previously referred to, calculated on the basis of a uni- 
molecular reaction, are summarised in the following table, together 
with the present results. 


Experiment. k 

(1) Z-Acid, 25° .. .. ... 

r-Acid, 25° ......... 

(2) Z-Acid, 36-8° .... 

(3) Sodium salt of Z-acid, 24*8° .... 

,, „ of r-acid, 25° ..... 

(4) Sodium salt of Z-acid. sodium hydroxide, 24*1° 

„ „ of r-aoid, sodium hydroxide, 25° 


(Titration). Jc (Optical). 


•• —. 

0*00373 

0*00284 

' — 

0*0142 

0*0161 

— 

0*0166 

0*0147 

— 

— 

0*0179 

0*0181 

0*0175 

— 


In cases (1), (2), and (3), the individual values of h fall off with 
time, so that the mean values above are calculated over corre¬ 
sponding time intervals. There is a general agreement throughout 
between the two series of coefficients, but those from, the optical 
measurements are higher than those based on titrations; this 
difference would agree, as also in the case of the chloro-acid, with a 
catalytic racemisation of the phenylbromoacetate ion occurring 
simultaneously with the displacement racemisation. The catalytic 
racemisation of phenylbromoacetic acid in aqueous acetone solution 
clearly demonstrated by McKenzie and Walker (be. tit., p. 1694). 
iJOhe mechanisms of the conversions of phenylbromoacetic acid and 
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its sodium salt to mandelic acid and sodium mandelate thus agree 
with the mechanism above suggested much better than with that 
advanced previously. 

Discussion of Results. 

The above results show that the reaction of water with Z-phenyl- 
chloroacetate and Z-phenylbromoaeetate ions yields simultaneously 
both Z-mandelate and d-mandelate ions by the same simple reaction 
from the kinetic point of view, the one reagent thus behaving both 
“ normally 55 and 46 abnormally 59 at the same time in this reaction. 
The production of phenylaminoacetic acids of either sign from a 
given phenylchloroacetic acid (Senter and Drew, J., 1915,105, 638; 
1916,107, 1091) or phenylbromoacetic acid (Senter and Tucker, J., 
1918, 113, 140) by reaction with ammonia in various solvents is 
explicable on the above basis, for the relative values of the velocity 
coefficients will certainly depend on the solvent medium (compare 
Senter, Drew, and Martin, J., 1918, 113, 155). In the case of the 
other conversions similarly studied (Senter, Drew, and Martin, 
loc. cit .; Senter and Ward, J., 1924, 125, 2137; 1925, 127, 1847), 
it would appear probable that the relative values of the two velocity 
coefficients differ more widely, agreeing with the production of the 
same isomeride in excess for all solvents studied. 

The author wishes to thank Dr. Senter for his interest in this 
work, and the Department of Scientific and Industrial Research 
for a maintenance grant during part of the time occupied in 
carrying it out. 

Birkbeck College, 

University or London, E.C. 4. [ Received , December 19 th , 1925.] 


CLIL —Substituted Cinnamic Amides and Acids . 

By Harold Ainsworth Harrison and Harold Wood. 

In a previous paper (this vol., p. 577) the configuration of a 3 :4'-di- 
nitrochlorostilbene resulting from the elimination of’one molecule 
of hydrogen chloride from the stilbene dichloride was determined 
by the fact that sulphuric acid converted it into 4-nitrophenyl 
3-nitrobenzyl ketone. The constitution of this ketone was deduced 
from its non-identity with the isomeric 3-nitrophenyl 4-nitrobenzyl 
ketone obtained by oxidation of the intermediate aldol compound 
isolated during the condensation of ^-nitrophenylacetic acid with 
m-nitrobenzaldehyde and therefore having the structure 
(jp)N0 2 C 6 H 4 'CH 2 *CH(0H) , C 6 H 4 < N0 2 (m). 

Another synthesis of 4-nitrophenyl 3-nitrobenzyl ketone [from 
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3 • 4 '-dimtro-a-phenylciimamamide 3 utilising Weerman s modific 

HctLireaction (Pro, K.Ahad. A^m 

1907,10,308; Annalen, 1913,401,1; Bee. trav. chim., 1917, •i)J. 
which, confirmed the foregoing conclusions, xs now desen e . 

When ®-nitrophenylacetonitrile and m-mtrobenzaldehyde are 
combined, with sodium ethoxide or piperidme as condensing agent, 
according to the method of Rerose (Ber., 1890, 23, 313 ), • 

nitro-a-phenylcinnamonitriie (I) and 3: 

ptenyldihydrocinnamonitrile (II) are formed m a % 

quantities Neither Remse (be. A) nor Freund (Ber., 1901, 34 
3107), both of whom carried out this same experiment, mentions the 
formation of (II), their sole product being (I)-* The aMolcompound 
(EE) may be converted into (I) by the action of sulphur , 

pyridine or piperidine. 


C(CN)—CH 
0 0 NO 


CHj’ON CHO 

/\ 


CH(CN)’CHl*OH 



s/ 

no 2 

(V> <*»> m - P- 205-5°) 

Two quite different stereoisomeric amides (3H and IV) are pro¬ 
duced when (I) and (II) are hydrolysed with sulphuric acid. Amide 
(IV) on further hydrolysis with sulphuric acid yields only one acid 
(VI), but amide (HI) under the same conditions gives a mixture of 

•From o-niteobajizaldehyde and p-niteophenylaoetorntrile, however, 
{fry-, did isolate twocompounds analogous to (I) and (II) above. 
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(V) and (VI); the same mixture is also formed when the nitrile (I) is 
directly hydrolysed to the acid stage. When amide (III) is hydro¬ 
lysed with nitrous acid, however, acid (V) is almost the sole product. 

The two acids (V) and (VI) can be separated, by Stoermer and 
Prigge’s method ( Annaien , 1915, 409, 20), by taking advantage of 
their widely differing strengths. Acid (VI) is the weaker, and from 
analogy with Stoermer’s results (see also Stoermer and Voht, ibid., 
1915, 409, 36) it is provisionally called the <s trans 55 modification; 
the term applies to the relative positions of the phenyl and carboxyl 
groups, and not to the two phenyl groups. 

Acids (V) and (VI) can both be decarboxylated by heating with 
piperidine, and yield the same form of 3 : 4'-dinitrostilbene. 

Experimental. 

3 : 4'-Dinitro-$-hydr oxy-oi-phenyWihydrocinnarrionitrile (II).—When 
the condensation of ^-nitrophenylacetonitrile and m-nitrobenzalde- 
hyde in presence of piperidine or sodium ethoxide was allowed to pro¬ 
ceed for only a few hours the product contained not only 3:4'-dinitro- 
a-phenylcinnamonitrile (I), m. p. 199—200° after recrystallisation 
from acetic acid (Remse and Freund give m. p. 195°), but also an 
equal amount of the intermediate aldol (II), which was isolated from 
the alcoholic mother-liquors, the total yield of the two nitriles being 
85—90%, After many recrystallisations from acetic acid the aldol 
was obtained in yellow, crystalline aggregates, m. p. 135—136° 
(Found : C, 57-2; H, 3*6. requires C, 57*5; H, 3*5%). 

It is easily soluble in pyridine, nitrobenzene, acetone, or ethyl 
acetate, less soluble in alcohol or benzene, and somewhat sparingly 
soluble in chloroform, carbon tetrachloride, or light petroleum. 
(II) can be converted into (I) by dissolution in cold concentrated 
sulphuric acid, by dissolving it in hot pyridine and keeping the 
solution for several days, or by keeping the crude reaction mixture 
(in presence of alcoholic piperidine) for a week. 

The Two Stereoisomeric Forms of 3 : 4 '-Dinitro- oc-phenylcinnam- 
amide (III and IV).—Each of the nitriles (I) and (II) (20 g.) was 
carefully dissolved in warm concentrated sulphuric acid (340 c.c.), 
water (46 c.c.) added, and the mixture \heated on the steam-bath 
for 6 hours. When cold, the solution was poured into 2 litres of 
water, and the precipitated amide washed with hot dilute ammonia 
and with water (yield 96—99%). The amide (III), obtained from 
(I), separated from acetic acid in almost colourless needles, m. p. 
220° (Found: 0, 57*4; H, 3*6. C 15 H u 0 5 N 3 requires O, 57*5; 
H, 3*5%). It is sparingly soluble in the usual organic solvents, and 
is not hydrolysed to the acid by boiling with hydrochloric acid for 
2 days. The higher-melting form of the amide (IV), obtained from 
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(II), is even less soluble than (III) in organic solvents. It separates 
from acetic acid in microscopic prisms and from nitrobenzene in 
thin plates, m. p. 272-5—273-5° (Found : C, 57-2; H, 3-9%)* 

Conversion of the Amide (III) into A-Nitrophenyl Z-Nitrobenzyl 
Ketone. —A paste of the finely powdered amide (20 g.) and boiling 
methyl alcohol was cooled and added, with shaking, to a solution of 
sodium hypochlorite during 1 hour. The mixture was then heated 
at 80° for J hour, much unchanged amide filtered off, the warm 
liquor acidified with dilute sulphuric acid, and the dark brown 
precipitate repeatedly crystallised from alcohol (charcoal). The 
slightly brown needles thus obtained melted at 132°, alone or mixed 
with 4-nitrophenyl 3-nitrobenzyl ketone. The yield was exceed¬ 
ingly poor, but the constitution of the ketone was proved. 

cis and trans Forms of 3: 4c r -Dinitro-cz-phenylcinnamic Acid (V 
and VI).*—Amide (III) (17 g.) was boiled with a mixture of strong 
sulphuric acid, acetic acid, and water (125 c.c. of each) for 2 days, the 
product poured into water, and the filtered solid digested with hot 
sodium carbonate solution; the addition at 95° of a slight excess 
of acetic acid precipitated, in 48% yield, the weaker “ trans ” 
acid (VI), which crystallised from ethyl acetate in large, pale yellow 
prisms, m. p. 221° (Found: C, 57-2; H, 3-2; equiv., 316. C 15 H 10 O 6 N 2 
requires C, 57*3; H, 3*2%; equiv., 314). This isomeride is much 
less soluble than (V) in methyl alcohol or ethyl acetate. 

From the hot filtrate after removal of acid (VI), most of the 
stronger 44 cis” acid (V) separated out, mixed with a little (VI), 
and addition of hydrochloric acid to the cold filtrate increased 
the yield to 36%. After two crystallisations from acetic acid (V) 
was obtained in rosettes of slightly brown needles, m. p. 205*5° 
(Found: C, 56*9; H, 3*3%; equiv., 312). It is readily soluble in 
hot methyl or ethyl alcohol, or acetic acid, and is moderately 
soluble in cold ethyl acetate. 

From the nitrile (I), by hydrolysis under the above conditions, 
32% of acid (VI) and 38% of acid (V) were obtained. 

Hydrolysis of amide (IV) during 3 days led to the formation of 
acid (VI) in 77% yield. No acid (V) was discovered, the cold 
filtrate after removal of (VI) by acetic acid remaining quite clear 
on addition of hydrochloric acid. 

Hydrolysis of Amide (III) with Nitrous Acid .—To a solution of 
amide (HI) in cold concentrated sulphuric acid an excess of sodium 
nitrite was added, with water-cooling. After 2 days, the solution 
was diluted with water and kept for a week, a little more nitrite 
being added occasionally. The solid was removed, washed, and 
|$4i‘ * Fear a description of the piperidine salts of these two acids, see this vol., 
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thoroughly digested on the filter with hot sodium carbonate solution. 
Acetic acid was added to the boiling filtrate in slight excess, and the 
solution again filtered hot to remove a very small amount of pre¬ 
cipitate (VI). On cooling, the filtrate deposited acid (V) in 80% 
yield. 

Decarboxylation of Acids (F) and (VI ).—The acid (3 g.) was 
dissolved in boiling acetone, piperidine (| c.c.) added, and the acetone 
distilled off. The intimate mixture thus obtained was heated at 
225° for i hour, and, after cooling, the resinous product was washed 
several times with boiling acetone and finally recrystallised from 
acetic acid, when it melted at 216°, either alone or mixed with an 
authentic specimen of 3 : 4 / -dinitrostilbene (for which see this vol., 
p. 580). The yields from acids (V) and (VI) were respectively 
27% and 32%. 

In conclusion, one of us (H. W.) desires to express his indebted¬ 
ness to the Department of Scientific and Industrial Research for 
a maintenance grant, and the other (H. A. H.) to the Chemical 
Society Research Fund Committee for a grant for materials. We 
also thank Professor Lap worth for his continued interest and advice. 

The University, Manchester. [Received, January ZOth, 1926.] 


CLIII —The Chemistry of the Glutaconic Acids. Part 
XIX * A Consequence of Mobility . 

By John Packer and Jocelyn Field Thorpe* 

The mobility of the hydrogen atom in the three-carbon system 

hc-c:c^c:c-ch, 

so far as it has yet been investigated, reaches its maximum in 
glutaconic acid, causing this substance to exist in only one form, the 
postulated 4 4 normal ” form to which has been ascribed the tentative 
constitution C0 2 H-CH-CH(H)-CH-C0 2 H. 

If the corresponding unsaturated formulae be set up on the models, 
drawings of which are shown in Fig. 1, it will be found that this 
mobility may or may not involve a change from the hypothetical 
cis- (I) to the trans- (II) form and vice versa , depending on the 
spatial relationship of the methylene hydrogen atoms to the double 
bond at the time of change. 

While this fact is, in itself, no argument for or against the 
4 4 normal ” form, yet it supplies certain explanations and deductions 
which are of fundamental importance in connexion with the chemistry 
of these substances. 

It is certainly paradoxical that, whilst the two hydrogen atoms 
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of the methylene group are of equal value owing to the occurrence 
of free rotation about the single bond, they should have different 
values when used in bringing about the three-carbon change. 
But it must be remembered that the positions of the constituent 
atoms in space are determined by the tendency for like groups to 
take up positions as remote as possible from one another, a tendency 
which the molecule can satisfy owing to its power of free rotation 
about the single bond. 

Pig. 1. 



In the case of glutaconic acid, where it is immaterial on which side 
of the central carbon atom the double bond is placed, the tautomeric 
change would be expected, in the case of the trans-form to take place 
mainly without alteration in stereochemical configuration, and in 
the case of the os-form to result mainly in conversion into the 
tram- form. In those derivatives of glutaconic acid in which sub¬ 
stituting groups are attached to the a, p, or y carbon atom and which 
may in consequence exist theoretically in more forms, the necessary 
alterations in the stable positions of the atoms in space may lead 
to differences in the tendency of the cis- and tram-forms to be con¬ 
verted into one another by the tautomeric change. 

Certain deductions given below render it probable that valuable 
evidence will be obtainable on these lines regarding the existence 
or non-existence of the postulated “ normal ” form. Experiments 
on this point are now in hand, but it is thought desirable to publish 
this new point of view at once, because it offers an explanation as to 
why both forms of, for example, the p-methylglutaconic acids readily 
yield anhydrides. 

The argument has been used by us that the ready formation of the 
hydroxy-anhydride from both forms of p-methylglutaconic acid 
favours the assumption of the “normal” form rather than the 


ds- and inwis-configuration, because in the analogous case of 
non-mobile systems, for example, aa-dimethylglutacome acid, 
CO^-CfCB^^-CHm-COaH, the trans-form gives no anhydride. 
It is evident, however, from a study of the models, which are similar 
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to those for glutaconic acid, that the formation of the hydroxy- 
anhydride may be preceded by a change of configuration and hence 
the relative ease of formation of the anhydride from the irans- and 
ci $-forms is seen to depend on the mobility of the tautomeric system 
under the conditions of dehydration. 

The authors do not wish to call into question the existence of the 
“ normal ” form, which is supported by a number of experimental 
facts, but they desire to point out that: 

A. Assuming glutaconic acid to be the stable trans-ioim, it 
follows that the formation of the hydroxy-anhydride must take 

Fig. 2. 


iurj 


CH 3 


place through the aVmodification, the inability to isolate the cis- 
form of the acid by hydration of the hydroxy-anhydride being due 
to the mobility of the system. The existence of two forms of 
(3-methylglutaconic acid, each giving the same hydroxy-anhydride 
with equal readiness, is due to the same mechanism, but in this 
case the order of mobility is lower and hence the eis-modification can 
be isolated by hydrating the hydroxy-anhydride under special 
conditions. 

B. In such cases as the ay-dimethyl- and apy-trimethyl-glutaconic 
acids, the theoretically possible cis- and tfrans-forms should be 
capable of resolution into optically active forms, so that, for example, 
the four forms of the «Py-trimethylglutaconic acids depicted in 
Pig. 2 should be capable of existence as well as the “ normal ” form 
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C0 2 H-C(CH 3 )*C(CH3)(H)-C(CH 3 )*C0 2 H. It will be seen that the 
tautomeric changes may result in the following transformations 

d-cis (ni)^^d4rans (IV) 

i i' 

I-cis (V)^±=l4rans (VI) 

but when the tendency of like groups to take up positions as far 
apart as possible is also considered the following deductions can be 
made : 

(i) The two enantiomorphous as-forms (III) and (V) will tend to 
pass into the correspondingly active trans-forms (IV) and (VI) rather 
than into each other, unless the change is arrested at the inter¬ 
mediate 44 normal ” form. 

(ii) The two enantiomorphous trans-ioums (IV) and (VI) will show 
a greater tendency to interconversion (racemisation) than in the case 
of the as-forms, and this change may take place to the practical 
exclusion of transformation into the cis-forms. 

(iii) If the stable form of the acid is the trans-torm, it will be 
capable of resolution into optically active forms which will be 
distinct from the active forms of the cis - (labile) acid ; inability to 
resolve the stable form would be evidence for the 4 4 normal ” 
constitution. 

C. In the case of a- and ag-substituted glutaconic acids the 
structural isomerides (VII) and (VIII) are theoretically possible . 
well as the 44 normal ” form 

(VII.) C0 2 H-CR 1 :CR 2 -CH 2 *C0 2 H COaH-CR^-CR^CH-CO^ (VIII) 

and each may exist in cis - and raws-forms. The two forms of (VII) 
will be incapable of resolution into optically active forms, whilst 
the two forms of (VIII) will be capable of such resolution under 
conditions not leading to tautomeric mobility. This should afford 
an experimental means of determining the position of the double 
bond in these unsaturated forms. 

These isomeric forms are theoretically interconvertible by tauto¬ 
meric change according to the scheme ; 



and a study of the models in these cases leads to the following 
conclusions: 

(i) Where R 1 and R 2 are positive groups, the 4rans4oTm.& will be 
stablethanthe cfe-forms." ' 
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(ii) Where R 2 is a negative group {e.g., C 6 H 5 ), the relative 
stability of the cas-forms will be increased. 

D.. The reduction in mobility of the glutaeonie system brought 
about by the substitution of various groups for hydrogen, atoms,, and 
the consequent increase in stability of the labile unsaturated forms, 
can be explained by an application of Thorpe and Ingold's theory 
of the influence of attached groups on the carbon tetrahedral angle; 
for the effect of such groups is obviously to reduce the strain in the 
double bond or two-carbon ring. 

The effect of a group in the ^-position will be to stabilise both the 
a (3- and Py-unsaturated forms, whilst the effect of a group in the 
a-position will be greater in stabilising the ap- than the Py-un- 
saturated form, so that in general a group in the p-position will have 
a greater effect in retarding the mobility of the system than will 
the same group in the a-position. Hence in the case of a- and ap- 
substituted acids, the ap-unsaturated forms (VII) should be more 
stable than the Py-unsaturated forms (VTH). 

In the case of p-phenyl-a-methylglutaconic acid one stable and 
three labile forms are known. To the cis- and £m?w-labile forms of 
Thorpe and Wood have been assigned the ap-, and to the labile form 
of Feist the py-unsaturated structure. If these constitutions are 
correct, the above considerations favour the “ normal ” structure 
for the stable form of the acid, since the only other possible structure 
1%that gi the Py-unsaturated transform, which would be expected 
vO be relatively unstable. 

An examination of these acids from the above points of view has 
been commenced in the hope of thus throwing further light on their 
constitutions. 

Imperial College of Science and Technology, 

South Kensington. [Received, February 4th, 1926.] 


CLIV .—Selective Solvent Action . Part F. 
Salting in . 

By Robert Wright. 

The mutual lowering of solubility which takes place when an 
electrolyte and an organic substance are dissolved together in water 
has been the subject of many investigations (Rothmund, <e Los- 
lichkeit und Loslichkeitsbeeinflussung 3J ), and is the basis of the 
process of “ salting out ” when an organic compound is driven out of 
aqueous solution by the addition of a salt. What may be termed 
salting in ” is the reverse phenomenon, that is, a mutual increase 
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in solubility of electrolyte and organic compound when added to the 
same solvent, which in this case is not pure water but aqueous 
alcohol. 

In former papers (J., 1922, 121, 2252; 1923, 123, 2493; 1925, 
127, 2335) it was shown that the addition of a semi-solute to a mixed 
solvent raised both the vapour pressure and the freezing point of the 
constituent in which it was insoluble. Thus sodium chloride (or 
other salt) raised the alcohol vapour pressure of aqueous alcohol, 
whilst water raised the freezing-point of benzene in an alcohol- 
benzene mixture. It was pointed out that this might be explained 
on the solvate hypothesis : in the alcohol-benzene mixture, we have 
complexes formed between the two constituents; water, when 
added, competes with the benzene for the alcohol, forming water- 
alcohol solvates and decomposing some of the alcohol-benzene 
solvates, thus leaving the solution richer in free benzene and therefore 
with a higher freezing-point and benzene vapour pressure. 

A corresponding effect might be expected in the case of solubility. 
The addition of salt to aqueous alcohol should form salt hydrates 
with a consequent increase in the free alcohol present and a corre¬ 
sponding increase in solvent power for benzene or other organic 
substances. Conversely, the presence of benzene should increase 
the solvent power of the mixed solvent for a water-soluble solute. 

This effect can readily be demonstrated in a qualitative maimer. 
To 100 c.c. of 50% alcohol, benzene is added 1 c.c. at a time until 
the solution turns turbid; if sodium chloride is now added to the 
turbid mixture, the liberated alcohol (due to the removal of water 
for the formation of salt hydrates) will dissolve the excess of benzene 
and cause the solution to become clear. 

Quantitative determinations of this increase of solubility in 50% 
(by weight) aqueous alcohol have been made with benzene, carbon 
tetrachloride, and methyl salicylate as alcohol-soluble solutes, and 
with sodium chloride, sodium nitrate, potassium chloride, potassium 
bromide, and potassium nitrate as water-soluble salts. It will be 
noted that none of the salts crystallises with water of crystallisation* 

In the method employed, about 12 g. of the aqueous alcohol were 
weighed in a stoppered tube and excess of salt was added. The 
benzene, or other organic compound, was weighed in a weight burette 
and added to the solution in the tube, in small quantities, until 
turbidity was produced, the quantity of benzene thus added being 
found by a second weighing. The turbid mixture was shaken in a 
thermostat at 20° ± 0*1° for 6 hours until the solution was saturated 
with both solutes. About 2 c.c. of the solution were then, weighed 
in a stoppered bottle and the salt was estimated by evaporation 
^ dryness and weighing. Since the proportion of benzene to 
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aqueous alcohol in the solution is known, the percentage of both salt 
and benzene dissolved in the aqueous alcohol can be calculated and 
compared with the percentage when only one solute—benzene or 
salt—is present. The results obtained are in Tables I and II, and it 
will be seen that the solubility of each semi-solute is increased by the 
presence of the other, the increase being considerable in the case of 
the organic compound. 

Table I. 

Solubilities of organic compounds in 100 g. of 50% aqueous alcohol 
saturated with different salts at 20°. 


Salt present. None. NaCl. NaNO a . KC1. KN0 3 . KBr. 

Benzene .. 5*8 9*6 9*5 6*7 6*4 7*8 

Carbon tetrachloride... 6*4 13*4 8*2 9*9 7*1 9*9 

Methyl salicylate . 6*2 8*2 8*1 7*2 6*9 7*9 


Table II. 

Solubilities of salts in 100 g. of 50% aqueous alcohol saturated with 
organic compounds at 20°. 


Carbon Methyl 

Organic compound. None. Benzene, tetrachloride, salicylate. 

Sodium chloride . 9*8 10*6 “ 10*7 10*2 

„ nitrate . 19*4 21*2 20*8 20*4 

Potassium chloride . 6*0 6*5 6*8 6*2 

„ nitrate. 3*7 3*9 3*8 3*8 

„ bromide .. 16*4 17*4 17*4 17*3 


Four determinations of the solubility of the salt were made in each 
case, and the results seldom differed by more than one unit in the 
first decimal place. The solubility of the organic substance was less 
accurate and, since it was determined by the appearance of turbidity, 
was always too great, the error being about three units in the 
decimal place. This error is of less importance in that the increase 
in solubility of the organic substance is always much greater than 
that of the salt. 

A somewhat more accurate investigation was carried out in the 
case of benzene and sodium chloride. The solubility of benzene in 
50% alcohol was determined at a series of temperatures by adding 
a weighed quantity of benzene to a definite weight of the solvent 
and raising the temperature until the turbidity disappeared. A 
second series was also carried out after 5% of sodium chloride had 
been added to the aqueous alcohol. The results—which are in 
Table III—when plotted give two curves practically parallel to 
each other. The solubility of sodium chloride in 50% alcohol 
containing small quantities of benzene was also determined, the 
quantity of benzene being less than that which would produce 
turbidity. The results are in Table IV. 
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Table III. 

Solubility of benzene in 50% Solubility of benzene in 50% 

aqueous alcohol. alcohol with 5% NaCl. 


% Benzene. 

Temp. 

% Benzene. 

Temp. 

4*57 

11*2° 

5*80 

9*1° 

4*78 

13*2 

6*10 

11*8 

5*05 

15*5 

6-39 

14*2 

5*30 

18*0 

6-76 

16*7 

5*61 

20*2 

7*23 

19*2 

5*97 

22-6 

7-57 

21*3 


Table IV. 

Solubility at 20° of sodium chloride in 100 g. of 50% aqueous 
alcohol containing a varying percentage of benzene. 


% Benzene . 0-00 1*91 4-10 5*34 7*95 

% Sodium chloride . 9-80 9*86 9-95 10*10 10*35 


As is well known, the addition of potassium carbonate to aqueous 
alcohol causes the formation of two liquid phases, the greater con¬ 
centration of the salt being found in the lower (aqueous) layer. 
The amount of carbonate required to produce turbidity increases 
with the amount of water present, hence a system which contains 
just sufficient carbonate to produce turbidity can be cleared by a 
slight addition of water. This small amount of water can be pro¬ 
duced by the desolvation of aqueous alcohol caused by the addition 
of benzene. For example, if about 0*05 g. of potassium carbonate 
be dissolved in 2 c.c. of water and 10 c.c, of alcohol be added, a turbid 
mixture will result, which can be cleared by the addition of either 
a little water or a larger amount of benzene. A large excess of 
benzene will again produce turbidity, the benzene forming a layer 
on top of the aqueous alcohol. Also, if the system contains a larger * 
proportion of carbonate, it is possible, by the addition of benzene, 
to produce a system of three liquid phases, the benzene and the 
aqueous salt solution being separated by a layer of aqueous alcohol. 
That potassium carbonate—like other salts—increases the solubility 
of benzene in aqueous alcohol is shown by the results given in 
Table V. 

Table V. 

Solubility at 20° of benzene in 100 g, of aqueous alcohol containing 
a varying percentage of potassium carbonate. 


% Potassium carbonate . 0*00 1*12 1*67 2*18 2*48 2*68* 2*86 

% Benzene ....... 5*8 6-4 6-5 7*1 7*3 7*6 8*0 


* Two phases separate. 

It is evident from the results shown that with 50% aqueous alcohol 
l there is a mutual increase in solubility of the two types of semi- 
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solute when they are present together. It has not been considered 
advisable to attempt to assign any definite degree of solvation to the 
semi-solutes, as the number of equilibria involved would render any 
such calculation of very doubtful value. 

Glasgow University. [Received, March 12 tK 1926.] 


CLV.—10 -Chlorophenthiarsine, and its Rate of Form¬ 
ation from o-Phenylthiolphenyldichloroarsine. 


By Elwyn Roberts and Eustace Ebenezer Turner. 


In continuation of previous work (Roberts and Turner, J., 1925, 
127, 2004), o-phenylthiolphenyldichbroarsine (I) has been prepared, 
and its rate of conversion into 10-chlorophenthiarsine (II) deter¬ 
mined. Whereas o-phenoxyphenyldichloroarsine undergoes nearly 
60% conversion into the ring compound, the sulphur analogue 
undergoes only about 20% conversion under the same conditions, 
i.e., when heated at 200° in a current of carbon dioxide. 


/\/N/\ 

0 


Cl,As 

(i-) 


rv Y) 

vwv 


(II.) 


/\/°\/\ 
I I ’I I 
\/ /\/ 
OMeAs 
(in.) 


A further comparison has been made between o-phenoxyphenyl¬ 
dichloroarsine and o -phenoxyphenylmeihylchloroarsine (IH) from the 
same point of view. The chloroarsine is even more stable towards 
heat than the above phenylthiol compound, undergoing in 6 hours at 
200° only about 10% of the possible loss of hydrogen chloride. More¬ 
over, side reactions appear to occur, and it has not been found pos¬ 
sible to detect the presence of the expected 10-methylphenoxarsine in 
the product of decomposition. The latter, when treated with methyl 
iodide, afforded a little 10-iodophenoxarsine, but no 10 :10 -dimethyl- 
phenoxarsonium iodide . This substance has been prepared, for 
purposes of comparison, by treating with methyl iodide the product 
of interaction of magnesium methyl iodide and 10-chlorophenox- 
arsine. 

It has been pointed out (Turner and Sheppard, J., 1925,127, 544) 
that arsenic trichloride and diphenyl ether do not interact in 
absence of al uminium chloride. It seemed possible that this might 
be due to the low boiling point of the mixture, which is weR below 
the temperature at which phenoxyphenyldichloroarsine undergoes 
conversion into the chlorophenoxarsine. It has, however, been 
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found that a mixture of phenvldichloroarsine and diphenyl ether 
boils unchanged at 250—260°, so that the ring closures in question 
are evidently determined more by collision effects than by those 
of activation due to increase of temperature. 

Experimental. 

o-Nitrodiphenyl Sulphide. —This substance, previously obtained 
by Mauthner (Ber., 1906, 39, 3593), is more conveniently prepared 
by the following method: Potassium hydroxide (61 g.; 1 mol.) 
was dissolved in 5 c.c. of water, 120 g. (1 mol.) of thiophenol, and 
then 173 g. (1 mol.) of o-chloronitrobenzene and 8 g. of copper 
bronze were added. The mixture was heated at 170—185° for 2 
hours after the initial vigorous reaction had subsided. The cooled 
product was extracted with carbon tetrachloride, the extract washed 
successively with alkali and water, and dried over calcium chloride. 
The solvent was removed, and the residue distilled under diminished 
pressure. In this manner, 138 g. of o-nitrodiphenvl sulphide were 
obtained, b. p. 210°/15 mm. Crystallisation from light petroleum 
removed traces of a disulphide, the pure nitro-compound having 
m. p. 79° (Mauthner gives 77°). 

o-Aminodiphenyl Sulphide .—The foregoing nitro-compound was 
reduced with iron, water and ferric chloride (Roberts and Turner, 
loc. cit.). A little thiophenol is formed during the reduction, which 
proceeds less vigorously than in the case of o-nitrodiphenyl ether, 
but affords not less than an 85% yield of the amine hydrochloride. 

o-Phenylthiolphenylarsinic Add. —The pure acid was obtained 
in 12% yield by the method used for the preparation of phenoxy- 
phenylarsinic acids, and crystallised from alcohol in irregular plates, 
m, p. 192—194° (Found : As, 24*0. C 12 H 1:L 0 3 SAs requires As,- 
24*2%). The acid is sparingly soluble in water, and was not con¬ 
verted into the corresponding phenthiarsinic acid when heated with 
concentrated sulphuric acid, no doubt owing to sulphonation." 

o-Phenylthiolphenyldichloroarsine. —The preceding arsinic acid, 
when reduced by the usual process, afforded the crude dichloro- 
arsine as a dark oil, which was purified by conversion into the 
corresponding oxide (see below), the latter then being reconverted 
into the dichloroarsine. The latter was thus obtained as a pale 
yellowish-brown, viscous oil (Found: Cl, 21*3. C 12 H & C1 2 SAs 
requires Cl, 21*5%). (Traces of the carbon tetrachloride used for 
the extraction of the pure dichloroarsine were removed by gently 
, heating the substance under diminished pressure for a few minutes.) 

o-PhenyUhiolphenylarse?iious oxide separates from benzene in 
small, white, irregular rhombs, m. p. 187—189° (Found: As, 26*5. 
C 12 H 9 OSAs requires As, 27*2%). 
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Conversion of o-PhenyltMolplienyldichloroarsine into 10 -CMoro- 
phenthiarsine. —When heated at 200° under the conditions pre¬ 
viously described in connexion with the conversion of the phenoxy- 
phenyldichloroarsines into the corresponding chlorophenoxarsines, 
o-phenylthiolphenyldichloroarsine underwent the following course 
of decomposition: 


Time (hours) . 1 2 3 4 5 6 

% decomposition . 2*2 4-5 7*2 10-2 13*6 17*2 


The heating was actually allowed to continue for 24 hours; the 
product, almost solid when cold, then readily crystallised from 
light petroleum (b. p. 80—100°) in sulphur-yellow, rhombohedral 
masses, apparently consisting of rectangular plates, m. p. 129— 
130° (Found : Cl, 124. C 12 H 8 C1 SAs requires Cl, 124%). 

o - PhenoxyphenylmethylcMoroarsine. — o - Phenoxyphenyldichloro- 
arsine (19 g.) was dissolved in alcohol containing a little acetone, 
and a solution of 12 g. of sodium hydroxide in 90 c.c. of water 
added. The mixture was cooled to 40°, and 8 c.c. of methyl iodide 
were added slowly. The initial reaction over, the whole was left 
over-night, when a pale yellow oil separated. The alcohol and 
acetone were distilled off and the residue was acidified with con¬ 
centrated hydrochloric acid (25 c.c.); a gummy solid then separated. 
Potassium iodide (19 g.) was added, and the warmed mixture 
saturated with sulphur dioxide. The dark red, oily iodoarsine so 
obtained was converted into the corresponding oxide, and then, 
by the usual process, into the chloroarsine, which was obtained as 
a brownish-yellow, viscous oil; it contained a little dichloroarsine 
(Found : Cl, 13*8. C 13 H 12 OC1 As requires Cl, 124%). 

When this substance was heated at 200° in a current of dry carbon 
dioxide under the same conditions as before, the course of decom¬ 
position was as follows : 


Time (hours) .. 1 2 3 4 5 6 

% decomposition . 2*5 3*9 5*0 6*4 7*8 9*9 


Some methyl chloride was also evolved, and when the decomposition 
had proceeded for 24 hours, methyl iodide was added to the cooled 
residue. From the product so obtained, a very small quantity of 
10-iodophenoxarsine, m. p. 144°, was isolated (Found : I, 33*8. 
Calc.: I, 34.3%). 

10 :1 O-Dimethylpherioxarsonium Iodide .—Finely-powdered 10- 
chlorophenoxarsine (4 g.) was added gradually to an ethereal 
solution of magnesium methyl iodide (twice the theoretical amount). 
It dissolved immediately with evolution of heat,' and formation, 
locally, of a yellow coloration. As soon as it had all been added, 
the mixture was decomposed by addition of water and then dilute 
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hydrochloric acid, the ethereal layer separated, washed once with 
water, dried over sodium sulphate, filtered, and then treated with 
methyl iodide. After most of the ether had been evaporated, solid 
separated, which, after crystallisation from alcohol, formed colour¬ 
less prisms, m. p. 207° (with effervescence) (Found: I, 31-1- 
Ci 4 Hi 4 OIAs requires I, 31*7%). The tedious method adopted by 
Lewis, Lowry, and Bergeim (J. Amer. Chem. Soc ., 1921, 43, 890) 
and by Aeschlimann, (J., 1925, 127, 811) does not appear to be 
necessary in the interaction between Grignard reagents and chloro- 
phenosarsine. 

East London College, 

Untvebsity of London. [Received, February Vith, 1926.] 


CLVL —Some Reactions of l-j>-Toluidinocyclopentane- 
l-carboxylic Acid • A New Carbazole Synthesis. 

By Stephen Hellicar Oakeshott and Sydney Glenn Preston 

Plant. 

The reaction whereby 1 -anilinoc^/cZopeixtane-1 -carboxylic acid, 
on fusion with a mixture of sodium ethoxide and potassium 
hydroxide, gives carbazole (Plant and Facer, J., 1925, 127, 2037), 
may follow one of two courses : either the cyclo pentane ring may 
open and form with the carboxyl group the second benzene nucleus 
of carbazole, or, alternatively, the carbazole may be produced 
entirely from the anilino-group. It is possible to decide this point 
by an investigation of 1-jp-toluidinocycfopentane-l-carboxylic acid 
(I), which, if the former view is correct, ought to give 3-methyl- 
carbazole as opposed to 3 : 6-dimethylcarbazole, in accordance with 
the latter view, on fusion under the same conditions. 

We have now condensed p-toluidine with cycZopentanone cyano¬ 
hydrin and have converted the l-pdoluidino-l-cyanocyclopentane so 
obtained into the corresponding amide, which can be hydrolysed to 
l^toluidinocjGlopentane-l-carboxylic acid . On heating this acid 
with a mixture of sodium ethoxide and potassium hydroxide, 
3-methylcarbazole was obtained. Its identity was established by 
careful comparison of the substance obtained and its picrate with 
3-methylcarbazole and 3; 6-dimethylcarbazole, which we find can 
be obtained most conveniently by oxidising the corresponding 
methyl derivatives of tetrahydrocarbazole with sulphur, and their 
respective picrates. It seems clear now that the production of 
carbazole from I-anilinocycZopentane-1 - carboaylic acid involves the 
enlargement of the earbocyclic system, probably by absorption of 
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the carboxyl group. A further investigation of this reaction has 
shown that it proceeds quite as well in the absence of sodium 
ethoxide and that the sodium or potassium salt of the acid can be 
used. 

ch 2 *ch 2 . co 2 h ch 2 -ch 2 . ^co-Ck p .ch 2 -ch 2 

CH 2 -CH 2 ^^NH-C 6 H 4 Me CM 2 *CH 2 ^^NH30^^CH 2 *CH 2 
(10 C 6 H 4 Me (33.) 

1-p-TohndinocycZopentane-l-earboxylic acid is comparatively 
unstable and loses p-toluidine and water on heating above its melting 
point with the formation of the lactone of l-l’-hydroxycyclopentane-V- 
carboxylyl-p-toluidinocyclopentane-l-carboxylic acid (II), showing a 
behaviour similar to that of 1-anilinocycfopentane-l-carboxylic 
acid in this respect. 

Experimental. 

1-ip-Toluidino-l-cyanocyclopentane. —q/cZoPentanone cyanohydrin 
will condense with p-toluidine when a solution of these substances in 
benzene is boiled for 12 hours, but conditions similar to those used 
by Walther and Hiibner (J. pr> Chem., 1916, 93, 124) for the 
preparation of 1 -anilino-1 -cyanocg/cfohexane were found to be more 
convenient. To a solution of cycZopentanone (21 g.) and p-toluidine 
(27 g.) in glacial acetic acid (100 c.c.), cooled in ice, potassium 
cyanide (18 g.), dissolved in a little water, was added. 1-p -Toluidino- 
l-cyanocyclopentane separated in good yield and was washed with 
water. It crystallised from low-boiling petroleum in colourless 
needles, m. p. 55° (Pound : N, 14*2. C 13 H 16 N 2 requires N y 14*0%). 
The nitrosoamine, prepared from an alcoholic solution of the nitrile, 
dilute hydrochloric acid, and aqueous sodium nitrite, separated 
from methyl alcohol in yellow prisms, m. p. 58°. 

A solution of 1-p-toluidino- 1-cyanocycZopentane in coid sulphuric 
acid was kept for 2 days, poured on to ice and the mixture made 
alkaline with ammonia ; the amide of 1 ~p~ toluidinocyclopentane- 
l-carboxylic acid was then precipitated. It separated from aqueous 
methyl alcohol in colourless plates, m. p. 120°. Its nitrosoamine , 
prepared by adding sodium nitrite to the amide dissolved in alcoholic 
hydrochloric acid, separated from aqueous methyl alcohol in yellow 
needles, m. p. 132°. 

1 --p-Toluidinocyclopentane -1 - carboxylic Acid .—A mixture of the 
crude amide and concentrated hydrochloric acid was boiled under 
reflux for 2 hours, evaporated to dryness, the residue treated with 
an excess of aqueous sodium hydroxide, and the solution boiled and 
filtered. The addition of glacial acetic acid to the cold filtrate 
precipitated 1 --p-toluidinocyclopentane -1 -carboxylic acid , which separ¬ 
ated from benzene-petroleum in colourless leaves, m. p. 144° 
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(Found : N, 6*6. C 13 H 17 0 2 N requires N, 64%). 1-p-Toluidino- 
cycfopentane-1-carboxylic acid is soluble in dilute aqueous sodium 
hydroxide and in dilute hydrochloric acid and gives a nitrosoamine, 
which separates from aqueous methyl alcohol in pale yellow plates, 
m. p. 114° (decomp.). 

On heating l-p-toluidinoe?/cZopentane-l-carboxylic acid in a small 
distillation flask, water and p-toluidine, which was identified by 
converting it into its acetyl derivative, were evolved. The remainder 
distilled at a higher temperature, leaving no residue, and, on 
recrystallisation from petroleum, the lactone of 1 -1' - hydroxycyclo - 
pentane -1 '-carboxylyl-p-toluidinocyclopentane- 1 -carboxylic acid separ¬ 
ated in colourless needles, m. p. 151° (Found : N, 4*7. C 19 H 23 0 3 N 
requires N, 4*5%). This lactone dissolves slowly in cold aqueous 
sodium hydroxide and is reprecipitated unchanged by the addition 
of dilute hydrochloric acid. It is not soluble in dilute acids and is 
unchanged by heating with aniline at 170° or dry ammonia at 200°. 

3-Methylcarbazole ,—An intimate mixture of 1 -p-toluidinocyclo- 
pentane-1-carboxylic acid (16 g.), potassium hydroxide (36 g.), and 
sodium ethoxide (40 g.) was heated at 350° for 30 minutes. The 
product was pulverised and added to water, when 3-methylcarbazole 
separated. - It was purified by distillation and subsequent recrystal¬ 
lisation from glacial acetic acid and obtained in colourless, glistening 
plates, m. p. 207° (compare Ullmann, Ber. } 1898, 31, 1697). Its 
pierate separated from benzene in scarlet needles, m. p. 179° 
(compare Ullmann, Annalen, 1904, 332, 88). The 3-methyl¬ 
carbazole prepared in this way dissolved in concentrated sulphuric 
acid to give a pale green solution, which became intensely green on 
addition of a few drops of nitric acid. 

3-Methylcarbazole was also synthesised very conveniently by 
boiling a solution of 6-methyltetrahydrocarbazole (3 g.; prepared 
from p-tolylhydrazine and ct/cZohexanone; Borsche, Witte, and 
’Bothe, Annalen, 1908,359,62) and sulphur (1*05 g.) in pure quinoline 
(10 c.c.) for 25 minutes and then pouring it into dilute hydrochloric 
acid-ice. The 3-methylcarbazole which separated, after distillation 
with a small quantity of iron powder and recrystallisation of the 
distillate from glacial acetic acid, was obtained in colourless plates, 
m, p. 207°. Mixed with the product derived from 1-p-toluidino- 
c?/ck>pentane-1 -carboxylie acid, it showed no depression of m. p., 
and its colour reactions with concentrated sulphuric acid and nitric 
acid ware as above (compare Ullmann, loc. cit,)* The pierate of this 
specimen of 3-methylcarbazole, crystallised from benzene, melted at 
180°. 

f : : 3 * . —A mixture of 4-methylc^fe- 

(5*Sg.), p-tolylhydrazine (6 g.), and alcohol (5 c.c.) was 
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gently warmed; on cooling, 4:-methylcyclohexanone-])-tolylhydrazo?ie 
separated. It was warmed to boiling with dilute sulphuric acid and 
heated on the steam-bath for an hour. The 3 : 6-dimethyltetra- 
hydrocarbazole that separated crystallised from petroleum in small, 
colourless needles, m. p. 112° (Found: N, 7-0. C 14 H 17 N requires 
N, 7*0%). Its picrate separated from benzene in dark red prisms, 
m. p. 147°. 

3 : 6-Dimethylcarbazole was prepared from 3 : 6-dimethyltetra- 
hydrocarbazole (3*2 g.) and sulphur (1 g.) in quinoline (5 c.c.) as 
described above. The oily product, which gradually solidified, was 
distilled with iron powder and thereafter crystallised from benzene, 
dimethylcarbazole being thus obtained in colourless needles, m. p. 
219° (compare Tauber and Loewenherz, Ber 1891, 24, 1033). 
3 :6-Dimethylcarbazole gives a faintly brown solution in con¬ 
centrated sulphuric acid, the colour being intensified on addition of 
nitric acid. The picrate of 3 : 6-dimethylcarbazole separated from 
benzene in red needles, m. p. 192° (compare Tauber and Loewenherz, 
loc. cit.). A mixture of this 3:6-dimethyloarbazole with the 
3-methylcarbazole obtained from l-p-toluidinoc?/dopentane-l-carb¬ 
oxylic acid melted completely below 197°. 

One of us (S. G. P. P.) wishes gratefully to acknowledge the 
receipt of a grant from the Chemical Society Research Fund which 
has defrayed a part of the cost of this investigation. 

The Dyson Perrins Laboratory, 

Oxford. [Received, February \§th, 1926.] 


CLVII .—The Hydrolysis of Guanidine . 

By James Bell. 

While it is generally accepted that urea is the product of the 
direct hydrolysis of guanidine in accordance with the simple 
equation 

CN 3 H- + h 2 o = con 2 h 4 + nh 3 ... (1) 

the mechanism of this reaction has not hitherto been investigated. 
Ossikovszky [Bull. Soc . chi?n., 1872, 18, 161) obtained ammonia 
and carbon dioxide on boiling a solution of guanidine sulphate 
with excess of alkali and of acid, respectively: he therefore con¬ 
cluded that urea was formed as an intermediate product in this 
decomposition. The credit of being the first to obtain urea from 
guanidine is given to Baumann, whose only reference to this 
reaction consists of one sentence {Ber., 1873, 6, 1376), where he 
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states, without giving his experimental evidence, that urea can 
be obtained by boiling the solution of a guanidine salt with excess 
of barium hydroxide solution. Almost thirty years later, Fleming 
(Chem.-Ztg., 1900, 24, 56) obtained impure urea in this way, but 
gave no quantitative results. Krall, however, in an attempt to 
investigate the mechanism of this reaction, was unable to obtain 
any urea on boiling a solution of the free guanidine base under a 
reflux condenser (J., 1915, 107, 1396). 

By means of the xanthhydrol test (Fosse, Cornet, rend., 1913,. 
157, 948) the author has been able to establish definitely the 
formation of urea, and to determine the extent of the reaction 
under various conditions. From the results obtained, inform¬ 
ation has been gained as to the mechanism of the reaction and of 
the accompanying secondary changes. 

When a solution of free guanidine was boiled under a reflux 
condenser, ammonia gas was evolved and cyanate, carbonate, and 
urea were detected in the solution. In certain reactions, where 
urea, ammonium cyanate, and carbonate are produced, it has been 
shown that cyanic acid is first formed and is then hydrolysed on 
the one hand to ammonium carbonate, while on the other it com¬ 
bines in its iso-form with ammonia to form urea (Werner and 
Fearon, J., 1920, 117, 1078). It has now been proved, however, 
that, in the case of guanidine, urea is the first product formed. 
When an aqueous solution of guanidine was allowed to remain at 
the ordinary temperature, the odour of ammonia developed and 
urea was found present, but no cyanate could be detected by the 
delicate copper-pyridine test (Werner, J., 1923,123, 2577). Barium 
nitrate also gave a negative test for carbonate, which was confirmed 
by the fact that the alkalinity of the solution remained constant. 
The first phase in the hydrolysis of guanidine is, therefore, repre¬ 
sented by equation 1, the mechanism of which is discussed later. 

It would thus appear that the production of ammonium cyanate 
and carbonate was due to the decomposition of urea, when boiled 
in the strongly alkaline solution of free guanidine (Werner, J., 
1918, 113, 84). This decomposition by guanidine was definitely 
proved by an experiment in which one equivalent of urea was added 
to a solution of guanidine, when an increase was obtained in the 
amount of cyanate and carbonate produced on boiling (Expt. 8). 
The next phases are therefore : 

, CON^ = NH 4 0CN , . . . (2) 
OTff 4 OCN + 2B^O = (3STH 4 ) 2 C0 3 . . . . (3) 

Wtai a sufficiently dilute solution of guanidine was boiled under 
condenser, there was no escape of carbon dioxide, resulting 
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from the dissociation of ammonium carbonate, whereas the amount 
of ammonia evolved was greater than that required for equation 1. 
This could only arise from the further changes : 

NH 4 OCN + CN 3 H 5 = CN 3 H 5 ,HOCN + NH 3 . . . (4) 

(NH 4 ) 2 C0 3 + 2CN 3 H 5 - (CN 3 H 5 ) 2 ,H 2 C0 3 + 2NH 3 . . (5) 

The amount of ammonia evolved was equal, within the’ limits of 
experimental error, to that required by these equations. It should 
be clearly understood that the latter changes (equations 4 and 5) 
took place under the special conditions stated above. With 
stronger solutions of guanidine, some carbon dioxide escaped 
through the reflux condenser and was not, therefore, all fixed as 
guanidine carbonate. Moreover, when a solution of guanidine 
was boiled without a reflux condenser, all the carbon dioxide 
escaped, urea and guanidine cyanate being left in the solution. 

When investigating the rates of formation of these different 
products, it was noticed that, after a time, the proportion of 
guanidine cyanate present decreased as the reaction proceeded, 
showing that it also was undergoing change. Bamberger (Ber., 
1887, 20, 68) has brought forward evidence for the isomeric change 
of guanidine cyanate to dicyanodiamidine in accordance with the 
equation 

nh 2 -C(:nh)-nh 2 ,hocn = nh 2 -C(:nh)-nh*go-nh 2 . 

The latter compound, however, could not be detected in the 
products formed during the hydrolysis of guanidine^ and is there¬ 
fore not formed under the conditions in question. Even after 
evaporation of some of the neutralised solution to dryness, no change 
of guanidine cyanate to dicyanodiamidine occurred. There can 
be no doubt that guanidine cyanate forms only urea or guanidine 
carbonate, or, in all probability, both these substances, a conclusion 
which is also the only one consistent with the quantitative data. 
More definite information as to the hydrolysis of guanidine cyanate 
would require separate investigation. 

On boiling dilute solutions of guanidine (of approximately Nj 8 
strength), no evidence could be obtained of its dissociation into 
ammonia and cyanamide. However, when a normal solution was 
boiled, dissociation to a small extent was indicated by the form¬ 
ation of melamine, C 3 N 6 H e , the tripolymeride of cyanamide. This 
dissociation is obviously a side reaction and not concerned in the 
formation of urea, since, in the first place, cyanamide does not 
produce urea under the conditions of these experiments, and in the 
second, a greater yield of melamine would have been obtained, in 
view of the ready polymerisation of cyanamide. 

Krall (toe, cit) has given reasons for doubting the usually accepted 
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formula for guanidine, viz., NH:C(NH 2 ) 2 , and suggests that in 
solution, the free base exists probably as an equilibrium mixture 
of the two forms 

(a.) nh 2 -c<| h 3 ^ nh:c<|^ (B.) 

Increase of alkali hydroxides would increase the proportion of B, 
and addition of acids that of A. In the course of the present 
work, additional evidence has been obtained in favour of this 
view. When a solution of free guanidine in presence of excess of 
alkali was kept at the laboratory temperature, the rate of form¬ 
ation of urea was greater than in the case of guanidine alone, 
whilst the alkali appeared to take no part in the reaction (Expts. 1 
and 2). This fact is explained most easily on the above conception 
of the constitution of guanidine. As a rule, the NHI radical is 
the more readily hydrolysed, and hydrolysis would therefore take 
place through the B form. The presence of additional alkali 
increases the proportion of B and therefore increases also the rate 
of hydrolysis. The mechanism of the reaction may be best explained 
thus : 


H 3 H X NH 3S . .OH /OH /0 

>c:nh+h 2 o=||. >c< =nh 3 +c/nh 2 ^nh:c< | 

BOSK NH-/ X NH 9 \NH NN] 


This view of the constitution of guanidine has received support 
from Plimmer in his recent investigation of its behaviour towards 
nitrous acid (J., 1925, 127, 2658). 


Experimental. 

A solution of free guanidine was prepared by the precipitation 
of guanidine carbonate solution with one equivalent of barium 
hydroxide solution and filtering off the barium carbonate. The 
filtrate, which was an approximately N /8-solution, always con¬ 
tained some guanidine carbonate, owing to the absorption of carbon 
dioxide from the air by the strongly alkaline liquid during filtration. 
This carbonate was estimated at the outset and the necessary 
corrections were applied throughout. 

In the experiments described, the urea formed was estimated by 
neutralising an aliquot part of the liquid, evaporating the solution 
to dryness, extracting the residue with glacial acetic acid, and 
adding excess of xanthhydrol, dissolved in methyl alcohol. After 
12 hours, the precipitate of dixahthylurea was collected on a weighed 
filter-paper, washed with alcohol, dried, and weighed. A small 
/ correction was applied for the slight solubility of dixanthylurea in 
jfiie mixture of acetic acid and methyl alcohol, the value of this 
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correction being determined in preliminary control experiments. 
The carbon dioxide in solution was estimated volumetrically, after 
precipitation as barium carbonate. Cyanates were estimated by 
precipitation and weighing as silver cyanate. 

Dicyanodiamidine was tested for by adding copper sulphate and 
sodium hydroxide solutions, when the characteristic pink copper 
derivative of this substance was precipitated. Melamine was 
identified by its picrate. 

In all the experiments, where a solution of guanidine was boiled, 
the burner was adjusted to secure quiet ebullition only. 

Expt. 1. Changes produced in jV/ 8-solution of guanidine at the 
ordinary temperature, a is the percentage of guanidine hydrolysed 
to urea. 

Time (days) ... 5 10 20 31 60 70 156 189 

a . 3-25 6*1 11*3 19*2 31*4 35-1 62*4 70*5 

No cyanate or carbonate was formed. 

Expt . 2. Changes produced at the ordinary temperature in 
N /8-solution of guanidine containing sodium hydroxide (1 mol.). 

Time (days) . S 41 102 128 

a ... 9*5 34*5 64*9 70*4 

Here the velocity of hydrolysis was greater than in the solution of 
guanidine alone. No cyanate or carbonate could be detected. 

Expt. 3. Changes produced in Nj 8-solution of guanidine after 
1| hours' boiling under reflux. 

100 C.c. of solution were used containing 0*702 g. of the free 
base. Urea, cyanate, and carbonate in the resulting liquid were 
estimated. Increase in alkalinity of liquid on boiling = 9*8 c.c. of 
Nj 10-acid (this included the ammonia evolved). This increase 
could only be due to the formation of ammonium carbonate as in 
equation 3. Increase in alkalinity, calculated from the carbonate 
found in solution, = 9*9 c.c. of N /10-acid. Hence no carbon dioxide 
escaped through the condenser. The ammonia evolved, calculated 
from equations 1, 4, and 5, = 8*05 c.c. of 2^-acid (Found: NH 3 
=8*0 c.c. of 2V-acid). The following results represent the percentages 
of the different products, calculated in terms of the guanidine, 
from which each was originally derived, in accordance with equations 
1—5 : Urea, 36*5 ; ammonium cyanate, 9*05; ammonium carbon¬ 
ate, 4*15; guanidine cyanate, 9*07; guanidine carbonate, 8*30. 
Total, 67*05%. 

Expt. 4. Changes produced in j\ 7 /8- solution of guanidine after 
boiling under reflux for 3 hours. 

Increase in alkalinity, calculated from the carbonate present, 
= 13*0 c.c. of iV/I0-aeid, Increase found = 13*0 c.c. of N/IO-acid. 
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Ammonia evolved = 4*45 c.c. of A-acid. Calc.: NH S = 11*25 c.c. 
of iV-acid. This was the only experiment in which the ammonia 
was not all driven out of solution. Found : Urea, 66*0; ammonium 
cyanate, 6*25; ammonium carbonate, 7*05; guanidine cyanate, 
6*25; guanidine carbonate, 14*10. Total, 99*65%. 

Expi. 5. Changes produced in Absolution of guanidine after 
1| hours 5 boiling under reflux. 

A normal solution of guanidine was prepared by dissolving 4*13 g. 
of guanidine nitrate in 33*8 c.c. of A 7 -sodium hydroxide solution. 
After boiling, urea, carbonate and cyanate were estimated as 
before. Increase in alkalinity = 6*4 c.c. of A-acid. Increase due 
to the carbonate found in solution = 3*0 c.c. of A-aeid. Hence, 
ammonium carbonate formed = 6*4 c.c, of A T -acid, and of this, a 
portion = 3*4 c.c. of A-acid, passed through the condenser, whilst 
the remainder = 3*0 c.c. of A-aeid, reacted with free guanidine to 
form guanidine carbonate. Found: Urea, 59*5; ammonium 
cyanate, 6*45; ammonium carbonate, 9*4; guanidine cyanate, 
6*45; guanidine carbonate, 8*9. Total, 90*7%. 

Found for the ammonia evolved, 35*2 c.c. of A 7 -acid. Calc., 
34*2 c.c. The difference is due to ammonia involved in the form¬ 
ation of melamine, a small quantity of which was present. This 
difference would correspond to a 3% conversion into melamine. 

Expi, 6. Changes produced in A/15-solution of guanidine con¬ 
taining one equivalent of barium hydroxide, after 1J hours’ boiling 
under reflux. 

The results, in this case, were similar to those of the previous 
experiments, except that barium cyanate and carbonate were 
produced instead of the corresponding guanidine salts. The 
ammonia evolved was not estimated. Found ; Urea, 80*0; barium 
cyanate, 13*4; barium carbonate, 2*9. Total, 96*3%. 

Expi. 7. Changes produced in A/7-solution of guanidine, after 
1 hour’s boiling without reflux. 

The solution was boiled in a distillation flask, connected with a 
condenser and flask for ammonia absorption. Water was added 
from a tap funnel at intervals to maintain the volume of the solution 
constant. No carbonate was found in the solution on boiling. 
Hence all the carbon dioxide escaped. The amount of ammonium 
carbonate formed was calculated from the increase in alkalinity. 

Found for ammonia evolved, 14*3 c.c. of A-acid. Calc., 14*4 c.c. 
Found: Urea, 73*4; ammonium carbonate, 1*4; ammonium 
cyanate, 9*6; guanidine cyanate, 9-6%. Total, 94‘0%. 

Expi. 8. Action of guanidine on urea in solution on bo iling . 

A solution similar to that used in the previous experiment, con¬ 
taining. one equivalent of urea (0*9 g.), was boiled for 1 hour under 
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the same conditions. It was assumed that the changes produced 
in the guanidine were the same as before. The increase in carbonate 
and cyanate was therefore due to the decomposition of the added 
urea. Found: Added urea converted into ammonium cyanate 
and carbonate = 13-3 and 3*7%, respectively. Therefore total 
urea decomposed = 17-0%. 

From the determination of urea in the two experiments, the 
decomposition of added urea was calculated to be 21*9%. The 
difference in these results is due to the fact that, in this experi¬ 
ment, more guanidine was fixed as cyanate than in the previous 
one, and hence the amount of guanidine hydrolysed would be 
slightly less. 

The author gratefully acknowledges his indebtedness to Professor 
E. A. Werner, Sc.D., for advice received in the course of this work 
and to Dr. W, R, Fearon, F.T.C.D., at whose suggestion this 
investigation was undertaken. 

Trinity College, Dublin. [Received, February IQth, 1926.] 


CLVIII .—Nitrosylsulphuric Acid . Part I. 

By George Albert Elliott, Leslie Leonard Kleist, Frederick 
James Wilkins, and Harry William Webb. 

The object of this investigation was to examine the constitution 
and properties of nitrosylsulphuric acid. 

To the substance of the molecular formula HS0 5 N have been 
ascribed two structural formulae, viz., that of nitrosulphonie acid (I) 
(Miehaelis, Ber., 1874,7, 1075; Raschig, Z . angew. Chem 1905,18, 
1032) and that of nitrosylsulphuric acid (II) (Tilden, J., i874, 27, 
630; Lunge, Ber., 1879,12, 1058). The evidence for the existence 
of an aoid of the structure (I) is unsatisfactory. 

(!•> Q 2 s<g°2 °2S<0H° (n ° 

We first prepared the acid by several different methods and 
found that its melting point and crystalline form did not vary 
with the method used. Fractional crystallisation' from sulphuric 
acid also failed to effect any change. Therefore, whilst the acid 
may be tautomeric, the existence of non-dynamic isomerides is 
improbable. 

The action of hydrogen chloride on the crystalline acid at the 
ordinary temperature rapidly led to the formation of nitrosyl 
chloride and sulphuric acid, the reaction being reversible, as was 
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foreshadowed by the work of Tilden (loc. cit.). The presence of the 
nitroso-group thus indicated was more definitely suggested by the 
reaction between the acid and benzoyl chloride, which produced 
dibenzoylmlphuric acid , 0 2 S(0*C0*C 6 H 5 ) 2 , whose formation can be 
satisfactorily explained only on the assumption that nitrosyl- 
sulphuric acid contains both a nitroso- and a hydroxyl-group. 
The mechanism of the reaction would then be as follows. The 
first stage is the formation of monobenzoylsulphuric acid : 

0H-S0 2 *0-N0 + PhOOCl = 0H-S0 2 *0*C0Ph +NOC1. 

Nitrosyl chloride is actually formed as soon as the two sub¬ 
stances are mixed and is rapidly liberated at 35—40° without 
appreciable heat evolution. The monobenzoylsulphuric acid then 
reacts additively with a further molecule of benzoyl chloride, 
probably at the carbonyl group of the latter, and a crystalline 
product is obtained which loses hydrogen chloride on standing, 
dibenzoylsulphurie acid being formed : 

PhCOCl + 0H*S0 2 -0*C0Ph = PhCCl(0H)*0*S0 2 *0*C0Ph. 

Confirmation of this mechanism was obtained by examining the 
reaction between benzoyl chloride and sulphuric acid. Oppenheim 
(Ber., 1870, 3,736) states that this reaction yields a benzoylsulphuric 
acid which rapidly changes to m-sulphobenzoic acid on standing, 
and that the latter is formed exclusively if the reaction is carried 
out at 150°. No mention of an additive product is made and the 
experimental data are very meagre. We have found that the 
substance produced at the ordinary temperature is a crystalline 
additive compound, to which the constitution PhCCl(0H)*0*S0 2 # 0H 
may most readily be assigned. It loses hydrogen chloride on stand¬ 
ing, forming monobenzoylsulphuric acid; this change, however, is 
inhibited by an atmosphere of hydrogen chloride. The additive 
compound showed no sign of transformation into sulphobenzoic 
acid on being kept for 6 months over a dry alkaline absorbent at 
the ordinary temperature, although during this time the hydrogen 
chloride was completely eliminated. 

At 100°, the highest temperature used in our experiments, con¬ 
version of benzoylsulphuric acid into sulphobenzoic acid occurred, 
but so slowly that the amount formed during our experiments 
could be neglected in making deductions from the results obtained. 
The change was a unimolecular one and the product consisted 
mainly of o- and not m-sulphobenzoic acid. It is probable that the 
meta-acid, stated by Oppenheim to he the sole product, is pro¬ 
duced by direct sulphonation, and the ortho-acid by intramolecular 
transformation. The production of the ortho-acid in this way can 
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be satisfactorily explained by assuming intermediate anhydride 
formation and subsequent rehydration : 


/\_co 

\/ H N< ? 

X/ OH—SOo 


rV co \ 0 

^/Xso/, 


h 2 o 
—> 


/N-co-oh 

\^ / j-S0 2 -OH‘ 


We were unable to obtain pure dibenzoylsulphuric acid by the 
interaction of benzoyl chloride and sulphuric acid. 

The action of acetyl chloride on nitrosylsulphuric acid yielded 
similar evidence of the presence of the nitroso-group. The first 
product of the reaction appears to be acetylsulphuric acid, but 
this changes with great rapidity into the isomeric sulphoacetic 
acid. The evidence for this change lies in the rapid decrease in 
the amount of free sulphuric acid produced by the decomposition 
of the product with water, whilst the total sulphur content of the 
substance remains constant. The change is very much more rapid 
than that of benzoykulphuric acid, but we did not investigate it 
further as it had already been examined by Van JPeski (Bee. trav. 
chim 1921, 40, 103) and others. 

The action of acetic anhydride on nitrosylsulphuric acid also 
yielded acetylsulphuric acid. Equimoleeular quantities of the two 
substances without any diluent reacted so violently at the ordinary 
temperature that the sudden evolution of heat was usually sufficient 
to shatter the glass container. If the acetic anhydride was in great 
excess and was kept below 15° during the addition of the nitrosyl¬ 
sulphuric acid, the latter dissolved, and by shaking the solution 
with silver oxide a substance was obtained to which the constitution 
CHg-CO-O-SOa-O-NO^Hs-COjjAg is assigned. 

By the action of ether on nitrosylsulphuric acid, ethyl nitrite 
and ethyl hydrogen sulphate were produced : 

H0-S0 2 -0-N0 + (C 2 H 5 ) 2 0 = C 2 H 5 -HS0 4 + C 2 H 5 -0-N0. 

Ethyl hydrogen sulphate and solutions of nitrosylsulphuric acid 
in sulphuric acid gave no nitroethane, which one would expect to 
be produced if the acid had the nitrosulphonic structure. 

The most important evidence for the nitrosulphonic structure and 
possible tautomerism of the acid is the work of Biehringer and 
Borsum (Ber., 1916, 49, 1402). By treating a sulphuric acid solu¬ 
tion of dimethylaniline with solid sodium nitrite they obtained 
mixtures of <p-nitro- and ^-nitroso-dimethylaniline. We decided 
to repeat their work, for three reasons : (1) The setting up of 
equilibria involving the two forms of nitrous acid and sulphuric 
acid was not excluded by their method of experiment. (2\ Since 
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they poured a reaction mixture containing an excess of nitrite on 
ice, direct nitration of unchanged dimethylaniline and secondary 
oxidation of the nitroso - derivative would be expected. (3) They 
do not mention the production of sulphur dioxide which would be 
expected as a by-product from the nitrosulphonic form. 

Using a solution of crystalline nitrosylsulphuric acid in sulphuric 
acid, of concentration equivalent to that used by them, we con¬ 
firmed the result that both ^-nitro- and ff-nitroso-dimethylaniline 
are produced. We also established the following facts: (1) The 
percentage yield of the ^-nitro-derivative increases with the excess 
of nitrosylsulphuric acid used in the reaction mixture. (2) If an 
excess of dimethylaniline is used, no oxides of nitrogen are pro¬ 
duced by pouring the mixture on ice and no ^-nitro-derivative is 
obtained. (3) When an excess of nitrosylsulphuric acid is present 
and the mixture is poured into absolute alcohol or dry ether, no 
p-nitro-derivative is obtained. Both these solvents rapidly decom¬ 
pose nitrosylsulphuric acid, forming ethyl nitrite and ethyl hydrogen 
sulphate. (4) When crystalline nitrosylsulphuric acid is added to 
a solution of dimethylaniline in dilute sulphuric acid (2 N), in which 
the former acid is immediately decomposed, both the ^-nitro- and 
the ^-nitroso-derivative are obtained. (5) If a solution of dimethyl¬ 
aniline in concentrated sulphuric acid is added to a dilute solution 
of nitric acid (10%) or of potassium nitrite (5%), the ^-nitro- 
derivative is formed. (6) No sulphur dioxide could be detected in 
any of the experiments. 

All these facts are in accord with the view that the ^-nitrodimethyl- 
aniline is not produced by the action of a presumed nitrosulphonic 
acid, but is a secondary product obtained by pouring the reaction 
mixture on ice and is produced either by secondary oxidation of 
the nitroso-compound or by direct nitration of the dimethylaniline. 
The results of Biehringer and Borsum do not establish, therefore, in 
our opinion, the existence of nitrosulphonic acid or the possibility 
of tautomerism. 

Conversion of Nitrosylsulphuric Acid into the Anhydride. 

The anhydride of nitrosylsulphuric acid is assumed to have the 
structure 0N*0*S0 2 *0'S0 2 *0*N0 and is stated to be formed by the 
action of nitric oxide on sulphur trioxide, or of sulphur dioxide on 
well-cooled nitrogen pentoxide (Berl, Z. angew. Chem., 1910, 23, 
2250). 

There appears to be no definite experimental evidence for the 
l^iuect conversion of nitrosylsulphuric acid into the anhydride, a 
||j|tafcge which would yield important evidence as to structure. 

, examined the change by three methods : 
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(1) By the action of heat alone. 

(2) By heating in the presence of dehydrating agents. 

(3) By the determination of the solubility of the acid in sulphuric 
acid. 

Action of Heat on Nitrosylsulphuric Acid. —Michaelis and Schu¬ 
mann (Her., 1874, 7, 1075) carried out a preliminary investigation 
on this point and suggested that the decomposition took place 
according to the scheme : 

no 2 -so 2 -o|h+;ho|-so 2 -no 2 ^ no 2 -so 2 -o-so 2 -no 2 + h 2 o. 

Their experimental methods, however, were very rough, and no 
experimental evidence was offered that the final product was the 
anhydride. They ascribe the nitrosulphonic structure to the acid, 
but it is improbable that an acid of either the nitro- or the nitroso- 
structure would undergo a decomposition of the type suggested, 
in view of the great instability of these groups in the molecule. 

Theoretically there is another mode of decomposition : 

<M-0*S0 2 -0H + ON-0*S0 2 -OH^:ON-0-S0 2 *0-S0 3 -OH + hno 2 . 

The nitrous acid would then decompose to form nitrogen trioxide 
and water, which would decompose more nitrosylsulphuric acid. 
The net result is represented by the equation 3HS0 5 N = HS 2 OgN+ 
H 2 S0 4 + N 2 0 3 . When decomposition is complete, the resulting 
liquid should yield 15-4% of nitrous acid by decomposition with 
water. If the reaction proceeds according to the suggestion of 
Michaelis, however, the percentage of nitrous acid so obtained 
should be 21*8. (By 44 percentage of nitrous acid ” should be 
understood the amount of nitrous acid obtained by the complete 
decomposition of the residue with water, calculated as a percentage 
of the anhydrous substance.) 

By following the change in the nitrous acid content we found 
that the decomposition by heat appears to follow the course sug¬ 
gested by Michaelis. 

The Action of Dehydrating Agents. —The results obtained by 
heating the acid in the presence of dehydrating agents (phosphorus 
pentoxide in particular) were unsatisfactory. We were unable to 
detect the anhydride in the distillate : nitrosylsulphuric acid, the 
main product obtained, was probably formed by the recombination 
of sulphur trioxide, water, and nitrogen peroxide in the receiver. 
Dehydration of nitrosylsulphuric acid was also attempted by 
making a saturated solution in 98% sulphuric acid at 50°. The 
solution, after being heated for several hours at 100°, was cooled 
to 16° and found to be supersaturated. A crystal of nitrosyl¬ 
sulphuric acid induced crystallisation, the product being the un- 
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changed acid. Further experiments showed that nitrosylsulphuric 
acid appears to be capable of existence in saturated solution in 
sulphuric acid even at 300°. This is remarkable in view of the 
ease with which water is lost on heating the acid alone. 

The Solubility of Nitrosylsulphuric Acid in Sulphuric Acid .— 
The method previously described for the attempted isolation of the 
anhydride would yield positive results only if the anhydride (if 
formed) were relatively less soluble in sulphuric acid than nitrosyl¬ 
sulphuric acid. We therefore examined the solubility of nitrosyl¬ 
sulphuric acid at 0°, 20*9°, 37*3°, and 49*6° in various concentrations 
of sulphuric acid. The curves expressing the relationship between 
the solubility of nitrosylsulphuric acid and the concentration of 
sulphuric acid all showed a marked increase in the solubility 
coefficient when the concentration of sulphuric acid reached 73%. 
Schlesinger and Salathe ( J . Amer. Chem , Soc. } 1923, 45, 1863) 
have investigated the absorption spectra of a series of O-li^-solutions 
of nitrosylsulphuric acid in sulphuric acid of different concen¬ 
trations. If the concentration of sulphuric acid is plotted against 
the frequency for a given value of the logarithm of the thickness 
in their results, the curves so obtained are similar to ours and 
show a change of slope at a concentration of 78% HgSO^ 

The shape of our curves is not incompatible with the conclusion 
that anhydride formation takes place. 

From some points of view, an alternative structure 0 2 S<Cq^ > N*0ET 

seems to merit consideration. (1) An acid of this type would lose 
water on heating to give an anhydride of the structure (III), a 
change which is parallel to the conversion of nitric acid into nitrogen 
pentoxide. (2) It offers an explanation of the great difficulty of 
replacing both the hydroxyl groups of sulphuric acid by the nitroso- 
group. (3) The structure is in accord with the methods of synthesis 
of the acid. (4) The behaviour of the acid on reduction is more 
in accord with this structure than with the nitroso-structure. 
(5) The synthesis of the anhydride from sulphur dioxide and 
nitrogen pentoxide (Berl, loc . cit.) is readily explicable in terms of 
the above formula : 

S0 2 + §>N-0-N<§ + SO, = 0 2 S<q>N-0-N<q>S 0 2 (in.) 

and so is the production of the anhydride from nitrogen tetroxide 
and sulphur dioxide (Provostaye, Ann. Chim , Phys.. 1840, 73, 362), 
in which reaction nitrogen trioxide is a by-product: 

§15 ■ so 8 + £>n-on:o + oiN-o-N<§ + so 2 = (in) + n,o 3 . 
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It is possible that nitrosylsulphuric acid exists in two tautomeric 
forms, 0 2 S<CQg ^^ H 0 2 vS<Cq^N*OH ? which are in equilibrium in 
sulphuric acid solution and in the molten state. 

Experimental. 

Preparation of Nitrosylsulphuric Acid. —(1) By the addition of 
dry liquid nitrogen tetroxide to concentrated sulphuric acid at 
15—18°. The separation of crystals and the removal of excess of 
tetroxide were facilitated by blowing dry air through the mass. 
(2) As above, but using gaseous nitrogen tetroxide. (3) By passing 
sulphur dioxide, dried by sulphuric acid, into pure nitric acid 
(94*5% HNOg) at 25°. (4) By leading nitrosyl chloride, generated 

by heating aqua regia, into concentrated sulphuric acid. 

The crystals in each case were rapidly drained by a pump and 
dried on a porous plate pver sulphuric acid. All the products 
consisted of rhombic prisms (m. p. 73*5°). Tilden (loc. cit.) obtained 
by the last method of preparation a product of m. p. 85—87°, but 
we have not been able to repeat his work. 

The Action of Benzoyl Chloride. —A mixture of 1 g.-mol. of 
nitrosylsulphuric acid with 2*4 g.-mols. of benzoyl chloride was 
heated for 30 minutes on the water-bath, moisture being excluded. 
After 12 hours, yellowish-brown, rhombic crystals separated. These 
were filtered off rapidly on asbestos, washed with dry carbon 
tetrachloride, and dried on a porous plate over phosphorus pent- 
oxide. The product was very hygroscopic. It had no odour of 
benzoyl chloride, and on treatment with water it was completely 
decomposed into sulphuric, benzoic, and hydrochloric acids. Ethyl 
alcohol was readily converted by it into ethyl benzoate. It was 
insoluble in all common organic solvents and reacted readily with 
substances eohtaining a hydroxyl group and with ether and acetone. 
No evidence of the presence of an acid with a sulphonic group 
could be obtained. The product was analysed as follows: A 
weighed sample was warmed with excess of water until completely 
dissolved. The total acidity was then determined by sodium 
hydroxide and phenolphthalein, and the sulphuric acid as barium 
sulphate. Hydrochloric acid was estimated by silver nitrate and 
ammonium thiocyanate. As an approximate check on the results 
the benzoic acid was estimated in several samples by removing the 
sulphuric acid with baryta, slightly acidifying the solution with 
hydrochloric acid, extracting with ether, and weighing the dried 
product. The hydrochloric acid content of the samples varied 
with the time which elapsed before analysis and, in order to make 
apparent the composition of the acidic residue, the analyses are 
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expressed in terms of hydrochloric acid-free substance. For con¬ 
venience of. expression also, the acidities obtained after aqueous 
decomposition are expressed as percentages of the anhydrous 
substance. The same device is used also for the theoretical values, 
which are those calculated for (PhC0*0) 2 S0 2 ,HCl. 

Calc, for HCl-free product. 


% Total 
acidity, 
as 

% 

% 

% Total 
acidity, 
as 

% % 

Sample. H 2 S0 4 . 

H 2 S0 4 . 

Ha. 

H 2 S0 4 . 

H 3 S0 4 . PhC0 2 H. Remarks. 

I 71-55 

28*66 

10*60 

64*18 

32*06 — Dried in an 

2 66*00 

31*01 

3*00 

63*89 

atmosphere of 
Ha. 

31*97 — Analysed after 

3 69*01 

29*75 

7*30 

63*89 

3 weeks. 

32*09 76*73 Analysed after 

Theory 71*53 

28*61 

10*66 

64*05 

24 hours. 

32*02 79*73 


The hydrochloric acid content does not exceed one molecule, 
and sample 1, dried in hydrochloric acid vapour, approximates 
closely to the theoretical value. It might be expected that a 
substance of the nitrosulphonic structure under the conditions of 
our experiments would yield sulphur dioxide as a decomposition 
product. 2*4 G.-mols. of benzoyl chloride were heated on the 
water-bath with 1 g.-mol. of nitrosylsulphuric acid, and the evolved 
gases drawn through potassium dichromate solution. The amount 
of sulphur thus found as sulphur dioxide is shown as a percentage 
of the total sulphur. 


Time (hours) .. 2 ’ 4 6 8 10 12 

%'S as SO* .. 0*49 0*44 0-26 0-19 0*10 0-02 


The results indicate that about 1*5% of the total sulphur is 
evolved as sulphur dioxide on continued heating at 100°. Although 
the rate of evolution decreases with time, it is considered that the 
sulphur dioxide is formed by reduction of sulphuric acid and is 
not due to the presence of the nitrosulphonic form of the acid, 
since benzoyl chloride and sulphuric acid yield a similar result 
Action of Sulphuric Acid on Benzoyl Chloride .—The first method 
used was to mix benzoyl chloride (1 or 2 mols.) with concentrated 
sulphuric acid. The manner of mixing made a great difference to 
the purity of the product and to the hydrogen chloride content. 
If the sulphuric acid was added to the benzoyl chloride, the solution 
became deep green and most of the chlorine was evolved as hydro¬ 
gen chloride. If the reverse process was adopted, the coloration was 
ich less and the evolution of hydrogen chloride was very small 
s «t ^ordinary temperature. Preparations were made in this way, 
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using sulphuric acid varying in concentration from 96 to 100% 
at temperatures from 0—40°. The products were treated and 
analysed as previously described for nitrosylsulphuric acid. 


Mode of addition. 


Temp. 

% Total 
acidity, as 

h 2 so 4 . 

% h 2 so 4 . 

% HC1. 


f{i) 

30° 

76*50 

37*55 

12*75 

2 g.-mol. PhCOCl to 

!(1a)* 

17 

67*52 

38*29 

3*64 

1 g.-mol. H 2 S0 4 . 

i{2) 

32 

70*11 

35*80 

10*13 

1(3) 

30 

69*80 

36*50 

12*91 


f (l) 

29 

77*66 

35*65 

14*27 


(2) 

30 

77*87 

35*32 

14*47 

1 g.-mol. H 2 S0 4 to 

1(3) f 

28 

73*30 

34*54 

9*85 

2 g.-mols. PhCOCl/ 

t(4) 

0 

80*21 

38*27 

15*30 

(5) 

0 

79*41 

37*43 

15*16 


(9) 

0 

80*63 

38*77 

14*70 

1 g.-mol. H 2 S0 4 to 

f<i) 

0 

77*30 

43*90 

8*19 

1 g.-mol. PhCOCl. “ 

1(2) 

0 

76*40 

45*08 

7*01 

Theory for T>hC0-0-S0 2 -0H,HCl 

82*18 

41*09 

15*34 


* After 48 hours over lime. f After keeping 48 hours. 


The last two preparations, when calculated to hydrochloric 
acid-free product, gave total acidity = 72*24, 72*06% H 2 S0 4 , and 
sulphuric acid = 47*82, 48*48%, respectively, whereas the values 
theoretically required are 72*77 and 48*51%. 

The repetition of the exact experimental conditions used in the 
case of nitrosylsulphuric acid yielded products which appeared to 
be mixtures of mono- and di-benzoylsulphuric acids or of the mono¬ 
acid and sulphobenzoic acid. Preparations carried out at 16° and 
30° gave similar products. At 0°, however, the products were very 
near in composition to the mono-acid. 

In view of the difficulty of purifying the products, the method 
of preparation was further improved by dissolving the benzoyl 
chloride in excess of dry carbon tetrachloride, adding the 98% 
sulphuric acid gradually with continuous shaking, and keeping the 
mixture for 30 minutes, with exclusion of moisture. In this way, it 
is immaterial whether 1, 2, or 3 molecular proportions of benzoyl 
chloride are used and the temperature can also be varied between 
0—35° without affecting the purity of the product: the yield is 
theoretical. Analyses of typical products were as follows : 

% Total acidity as H 2 S0 4 . % H 2 S0 4 . % HC1. 

1 78*40 44-02 9-20 

2 78*88 43*64 10*00 

3 78*78 43*31 10*04 

The total sulphur content of the products was determined by 
fusion, and the fact that the figure so obtained was identical with 
that for the percentage of sulphuric acid obtained by decomposing 
the substance with water was taken to indicate the absence of 
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sulphobenzoic acid from the products. This estimation was carried 
out as follows. To 1 g. of the substance contained in a platinum 
dish about 5 g. of moistened sodium peroxide were added and the 
mixture was stirred with a platinum rod. The product was 
intimately mixed with 30—40 g. of a mixture of 1 part of potassium 
nitrate and 2 parts of fusion mixture. The top of the mass was 
then covered with 15—20 g. of fusion mixture, and the whole 
heated gently until fusion was complete. If signs of charring 
appeared, the determination was repeated. The method was much 
quicker than a Carius estimation and better than the Eshka method 
for the substances under analysis. The method is given in detail, 
as duplicates showed it to be quite satisfactory. 

Transformation of Benzoylsulphuric Acid into Sulphobenzoic Acid.— 
Determinations were made of the total sulphur content of a number 
of products by fusion, and of the sulphuric acid produced by de¬ 
composition with water. The samples were prepared using equi- 
molecular proportions of sulphuric acid and benzoyl chloride at 
0°, 16°, and 120°. The results were as follows : 

1. 2. 3. 

Sulphuric acid by water treatment (H 2 S0 4 %) 42*31 43*30 37*40 

Total sulphur (by fusion) as H 2 S0 4 % . 42*16 43*16 37*43 

This evidence for the absence of sulphobenzoic acid is conclusive 
unless the latter is completely decomposed by treatment with 
warm water. No satisfactory information could be found in the 
literature on this point and therefore we determined the velocity 
of transformation of benzoylsulphuric acid into sulphobenzoic acid 
at 100°, the highest temperature used in our experiments. 70 G. 
of monobenzoylsulphurie acid were heated, in a constant-temper¬ 
ature bath at 100°, in a flask fitted with a moisture trap. The 
gases were drawn off continuously through potassium dichromate 
and the sulphur dioxide content was estimated. Samples of the 
residue in the flask were drawn off at intervals and the sulphuric 
acid produced by decomposition with water was estimated. At 
the conclusion of the heating the total sulphur content of the 
residue was determined by the fusion method previously described. 


ie (hours). 

% H 2 S0 4 obtained. 


% Total S lost as SO s . 

0 

43*20 

— 

— 

10 

36*67 

0-01639 

0*26 

15 

33*83 

0-01630 

0*25 

20 

31*14 

0-01637 

0*23 

25 

28*75 

0-01628 

0*22 


Total sulphur content of the residue after 25 hours = 42*10% as 
H 2 SQ 4 . k is calculated on the basis of a unimolecular reaction. 

; Isolation of Sulphobenzoic Acid [With B. Peppebell].— The above 
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material which had been heated for 25 hours at 100° was warmed 
with 500 c.c of water and concentrated to 250 c.c. The precipitated 
benzoic acid was filtered off and the sulphuric acid precipitated with 
baryta and filtered off. This filtrate was concentrated to 100 c.c., 
and the excess of barium exactly precipitated with sulphuric acid. 
The barium sulphate and any further benzoic acid were removed 
and the filtrate was evaporated to small bulk and extracted with 
ether until no further benzoic acid could be obtained. The residue 
on final concentration on the water-bath solidified to an amorphous 
hygroscopic mass which was dried by heating to 105° (Found: 
S, 16*1. Theory for C0 2 H*G 6 H 4 *S0 3 H : S, 15*8%). The substance 
did not melt sharply, but was completely molten at 135°. The 
anhydride (m. p. 129—130°) was prepared by refluxing with acetyl 
chloride for 2 hours and extraction with benzene. The acid also 
condensed readily with resorcinol in presence of zinc chloride to 
give a phthalein. The product was hence o-sulphobenzoic acid, 
but the original substance contained some meta-acid also. 

Action of Acetyl Chloride .—25 G. of nitrosylsulphuric acid were 
added slowly to 35 g. of acetyl chloride dissolved in 100 c.c. of 
carbon tetrachloride, and the mixture was warmed to 30—35° to 
start the reaction. A vigorous evolution of nitrosyl chloride 
occurred, the temperature rising to 60—70°, and a yellow, viscous, 
non-crystallisable oil separated. This was washed repeatedly with 
carbon tetrachloride and ligroin and analysed as* rapidly as possible 
by methods similar to those used in the case of the corresponding 
benzoyl derivative (Total acidity, as H 2 S0 4 , 101*9; H 2 S0 4 , 68*4. 
CH 3 *C0*0*S0 3 H requires 105*0 and 70*0%, respectively). The sub¬ 
stance was completely decomposed by water into acetic and sulphuric 
acids. 

The product was heated under reflux in carbon tetrachloride for 
30 minutes and the percentage of sulphuric acid obtained by de¬ 
composition with water was reduced to 54*32% from 68*40%. After 
another hour’s refluxing, it was further reduced to 27*58%, the 
total sulphur content remaining constant. 

Action of Acetic Anhydride. —(1) 10 G. of acetic anhydride were 
dissolved in 200 c.c. of carbon tetrachloride and 12 g. of nitrosyl- 
sulphuric acid were added. On refluxing for 30 minutes a yellow 
oil separated, from which the last traces of solvent were removed 
in a vacuum. (2) 5 G. of nitrosylsulphuric acid were dissolved in 
200 c.c, of acetic anhydride, the mixture being kept cool, and the 
solution was shaken with 5 g. of dry silver oxide. The silver 
oxide was rapidly converted into a gelatinous suspension, which 
was filtered off in a vacuum, washed with acetic anhydride, and 
dried over sulphuric acid. The product was amorphous and 
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hygroscopic and on treatment with water gave no oxides of nitrogen. 
The resulting solution gave no precipitate with barium nitrate. 
Liebermann’s reaction showed the presence of nitrite or a nitroso- 
group in the substance. The salt contained sulphur, nitrogen, and 
silver, in addition to carbon, hydrogen, and oxygen (Ag, by heating, 
31*5; by conversion to AgCl, 32-0. S, estimated as BaS0 4 , 9*4. 
CHg'CO'O'SOa-O^NOjCHg'GOgAg requires Ag, 32-1; S, 9*5%). 

Action of Nitrosylsulphuric Acid on Dimethylaniline .—(1) To a 
solution of 35 g. of dimethylaniline in 40 c.c. of concentrated 
sulphuric acid a solution of 70 g. of nitrosylsulphuric acid in 30 c.c. 
of sulphuric acid was added, at 10—15°. By following the experi¬ 
mental procedure of Biehringer and Borsum (be, cit.) there were 
obtained : y-nitrodimethylaniline, 63% ; p-nitrosodimethylam li ne, 
37%. (2) The above experiment was repeated using half the 

amount of nitrosylsulphuric acid (i.e., an excess of dimethylaniline). 
No nitro-derivative was obtained but only the nitroso-derivative. 
(3) Quantities as in Expt. (1) were used and the mixture was dropped 
slowly into absolute alcohol at 0°. No nitro-derivative was obtained. 
By pouring the product into 300 c.c. of dry ether a mixture of 
the sulphates of dimethylaniline and ff-nitrosodimethylaniline was 
obtained. Some nitric oxide was- evolved on first mixing the 
reactants, but no sulphur dioxide could be detected at any stage of 
the reaction. 

Action of Seat on Nitrosylsulphuric Acid.—{ 1) 30 G. of the crystal¬ 
line acid were heated for 30 minutes at 350° in a wide glass tube 
fitted with a moisture trap; nitrogen trioxide was rapidly evolved 
during the first 15 minutes. A pale yellow, very viscous oil 
remained (Found: HN0 2 , 19*3%). 

(2) 50 G. of nitrosylsulphuric acid were heated under similar 
conditions at 300° for 9 hours. The residual oil was analysed as 
before (Found : HN0 2 , 20*2%). 

At both these temperatures sulphur trioxide was evolved owing 
to the decomposition of the product, and this fact may explain 
the poor agreement with the value required by the suggestion of 
Michaelis. On attempting to carry out the decomposition at tem¬ 
peratures low enough to ensure that no sulphur trioxide was pro¬ 
duced, it was found that the rate of decomposition was so slow 
that several weeks would be required for complete decomposition. 

(3) 50 G. of the acid were heated in a constant-temperature bath 

at 150°. Samples were withdrawn at intervals and analysed as 
before. , 

Time (hrs.) ... 0 0-75 11-3 16-5 26-3 39-0 46-8 59*3 137*0 

; % HNOj...;..,.. 35*9 32*8 30*7 30*2 29-7 29*0 28*1 27*5 25*8 

‘ (Theoretical value for anhydride, 21*8% KNX) a .) 
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Similar determinations were carried out at 115° and 130° and 
in each case the early rapid evolution of nitrogen trioxide was 
observed. The slowness of decomposition of nitrosylsulphuric acid 
at the lower temperatures is undoubtedly due to the stabilising 
influence of sulphuric acid, which is a secondary product of the 
reaction. The decomposition of the acid begins at 73°, when it 
begins to melt. 

The general conclusion to be drawn from the results is that the 
mode of decomposition suggested by Michaelis is in accord with the 
experimental facts. It must be pointed out, however, that (1) 
sulphuric acid is produced 
by the decomposition and 
tends to prevent further 
loss of nitrogen trioxide 
on heating, and (2) water $ 
escapes from the reaction 
zone in the early part of 
the heating; consequently ^ 
the nitrous acid content £ 
of the residue would be 8 
expected to exceed the 
theoretical value. 

Solubility of Nitrosyl- g 
sulphuric Acid in Sul - g 
phuric Acid .—The general ^ 
method of solubility de- ^ 
terminations was adopted, 
the nitrosylsulphuric acid 
in excess being agitated 
with sulphuric acid of 
known concentration con¬ 
tained in thin glass tubes in a thermostat. Each tube was pro¬ 
tected against the ingress of moisture by running the stirrer 
through a glass tube sealed with petroleum jelly. The sulphuric 
acid used was of concentrations 56*7, 62-1, 73*1, 74*9, 84*1, 90*4, 
and 99*8%. * 

After 3 hours, a sample was filtered through glass wool into a 
weighing bottle containi n g sulphuric acid and, after weighing, the 
contents were made up to 100 c.c. with sulphuric acid, the nitrous 
acid then being estimated by a method specially devised for this 
work. At the higher temperatures and with the lower concen¬ 
trations of sulphuric acid, some of the solutions contained free 
nitrous acid (i.e., not Combined as nitrosylsulphuric acid). In order 
to determine the amount of the latter acid actually present, this 


Rig. 1. 



Cone, of H 2 SO a {per cent.) 
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free nitrous acid was removed by rapid blowing with air followed 
by immersion in the thermostat for 15 minutes. The sample was 
then taken in the usual way. The results here given are also 
shown graphically in the figure. 


Cone, of H 2 S0 4 (%). 

58*7 

62*1 

73-1 

74*9 

84*1 

90*4 

99-S 

Temp. 

Solubility of nitrosyl- 

— 

11*9 

17*3 

19*7 

30*5 

35*1 

— 

0*0° 

sulphurie acid as per 

19-3 

22*6 

27-0 

31*4 

42*4 

49*2 

62*0 

20*9 

100 g. of solution. 

29-9 

34*3 

39*4 

40*8 

50*2 

58*5 

66*1 

37*3 

35-6 

39*3 

46*0 

46*2 

56*5 

61*6 

67*8 

49*6 


Technical College, Cardiff. [Received, October 14 th, 1925.] 


CLIX.— Unsymmetrically Substituted Dinitro- and 
Diamino-derivatives in the Stilbene and Tolane 
Series . Part II. The Mode of Addition of Water 
to 3; 4z f -Dinitro- and Diamino-tolanes. 

By Harold Ainsworth Harrison. 

In a former communication (this vol., p. 577) it was shown that two 
nitro-groups unsymmetrically situated in the two benzene nuclei of 
stilbene exert a definite influence on the reactivity of chlorine atoms 
attached to the carbon atoms in the side chain. The experiments 
now described indicate that similar influences are discernible in the 
unsymmetrically substituted dinitro- and diamino-tolanes, as 
exemplified by the mode of addition of the elements of water to the 
triple bond. Polarity considerations again appear to furnish a 
guide in determining the seat of reactivity. 

3: 4'-j Dinitrotolane (I) was obtained from the dichloride or 
dibromide of 3 : 4 / -dinitrostilbene, or from a-chloro-4:3'-dinitro- 
stilbene, by the action of alcoholic potassium hydroxide. In the 
preparation 'from the dibromide, although traces of the stilbene 
were undoubtedly produced by loss of bromine (compare Pfeiffer 
and Kramer, Ber., 1913, 46, 3655), no difficulty was experienced in 
obtaining the pure tolane. 

3:4'-Dinitrotolane assumed the elements of water only with 
great reluctance.* With the nitro-groups in these positions it was 
to be expected from the alternating polarity rule that harmonious 
combination of directing influences would exist, tending to make 
such a configuration exceedingly reactive and prone to attack at 

* All the ortho-substituted nitrotolanes prepared by Reinhardt'(Per., 1913, 
46 , 3598), by Pfeifier and Kramer ( ibid 1913, 46 , 3655), and by Pfeiffer 
{AnnaUn, 1916, 411 , 72) take up the elements of water with remarkable ease. 
It is significant, however, that neither Reinhardt nor Pfeiffer mentions the 
addition of water to 4 : 4'-dinitrotolane. 
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the carbon atoms in the side chain. But no such enhanced 
reactivity was manifested and the yield of 3-nitrophenyl 4-nitro- 
benzyl ketone (II) was small. Robinson, Allan, Oxford, and Smith 
(this vol., p. 401) recognise the existence of two quite distinct 
effects when a nitro-group is attached to the benzene ring : the one 
arising from the conjugation of the nitroxyl with the nucleus and 
resulting in positive charges on the ortho- and para-carbon atoms, 
and the other a general electrical effect over the nucleus and the 
side chain. Applying these conceptions to 3 : 4'-dinitrotolane, one 
deduces respectively that a smaller density of electrons exists in the 
region of the two carbon atoms marked + than in the region of 
their immediate neighbours, and that the acetylenic carbon atoms 
aa' are under the influence of a strong positive field, which inhibits 
reactivity towards positive ions at both centres. Since, however, 
the positive charge in the p-nitrophenyl group is nearer the acetylenic 
bond than is that in the m-nitrophenyl group, the electrons of the 
acetylenic bond will be displaced in the direction of the arrow, that 
is, from a —> a'.* Addition of water, therefore, though difficult, 
takes place as follows : 



0 ^ 

\cO—CH 2 <^J>NO a (IL) 


It is also possible that the p-nitrophenylacetylene group is a con¬ 
jugated system, but the existence of such conjugation could only 
be disclosed by experiments with anionoid reagents. 

An attempt to investigate the influence of the amino-groups on 
the elimination of hydrogen chloride from 3:4'-diaminostilbene 
dichloride was unsuccessful, owing to the impossibility of retaining 
the chlorine atoms in the molecule during the reduction; 3 :4'-cfo'- 
aminostilbene was the sole product.f 

3 : 4/-Diaminotolane, like the nitrotolane, was very reluctant to 
assume the elements of water; this inertness is at first sight the 
more surprising in view of the peculiar ease with which 4:4'-diamino- 
tolane passes into the deoxybenzoin, warm dilute hydrochloric acid 


* Similar cases have been considered by Lucas and his colleagues (J. Amer. 
Chem. Soc 1924, 46 , 2475; 1925, 47 , 1459, 1462). 

f Replacement of the chlorine atoms by hydrogen does not occur, since 
3 ; 4'~diaminodibmzyl (prepared for purposes of comparison) coincided with 
none of the products obtained during the whole investigation. 



1234 HARRISON : ASYMMETRICALLY SUBSTITUTE!*, ETC,, 

effecting its quantitative conversion (Reinhardt, Ber ., 1913, 46, 
3598). Under no conditions * did sulphuric acid bring about the 
corresponding reaction in the case of 3 ; 4 / -diaminotolane; during 
one reduction experiment only, in which zinc and hydrochloric acid 
were employed, was a small amount of 4 -aminophenyl %-aminobenzyl 
ketone produced. From the diacetyl derivative of the aminotolane 
(III), however, the action of concentrated sulphuric acid resulted 
in the formation of the diacetyl derivative of this ketone (IV) in 
good yield, its constitution being inferred from its non-identity 
with S-acetylaminophenyl 4:-acetylaminobenzyl ketone , prepared from 
the corresponding nitrophenyl nitrobenzyl ketone (this^ol., p. 579). 

AcHN_ AcHN_ 

<^\-C^C-<^\nHAc <^yCH 2 —CO<^ ^>NHAc 

^ (in.) (iv.) ~ 

The conception of combined general and alternating polar effects 
again proves valuable here. Electronic repulsion from the two 
acetylamino-groups, resulting from their conjugation with the 
respective benzene nuclei, produces a strongly negative field in the 
region of the acetylenic carbon atoms, which are consequently in a 
highly reactive state. Addition of water thus takes place with 
great ease. 

The mechanism of reaction of the free aminotolane, on the other 
hand, is obscured by salt formation, but to account for the great 
difference in reactivity between 4 : 4'- and 4 : 3'-diaminotolane it is 
only necessary to suppose that the former exists in hydrochloric 
acid as its mono-acid salt, and the latter as its di-acid salt. In fact, 
the author ventures to suggest that the diquatemary ammonium 
base derived from 4:4'-diaminotolane would assume the elements of 
water with great difficulty. 

Experimental. 

3 : 4:'-DinitrQStitt>ene Dibromide .—Finely-divided 3 : 4'-dinitro- 
stilbene (21-6 g.) (this vol., p. 580) was suspended in chloroform 
(1 litre), bromine (12 c.c.) added, and the whole kept during 2—4 
days. The stilbene gradually dissolved and later the dibromide 
partly crystallised. The solvent and excess of bromine were then 
distilled off, and the solid residue f was recrystallised from boiling 
glacial acetic acid (about 925 c.c.). The yield was 90%. As with 
the diehlonde, two forms could be obtained by fractional, crystal¬ 
lisation. The pure a-form is sparingly soluble in acetic acid, 

* The concentration and temperature were varied over a wide range. . 

t This, miUJke the diehloride (this vol., p. 581), did not char during removal 
of the last few e.c. of solvent. 
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crystallising in almost white, thick prisms, m. p. 234° (Found: 
Br, 36*9. C 14 H 10 O 4 N 2 Br 2 requires Br, 37*2%). Its production 
seems to be favoured by longer exposure of the chloroform solution 
to daylight. The pure P-f orm is more soluble in acetic acid or chloro¬ 
form, crystallising from the former solvent in pale brown, minute 
plates, m. p. 214° (Found : Br, 36*95%). Both forms are sparingly 
soluble in most organic solvents; they separate from boiling nitro¬ 
benzene in small prisms. Even the p-form, which in substances 
of this type usually reacts differently from the a- form (compare 
Pfeiffer, Ber.> 1912, 45, 1810), on being heated with pyridine at 
90° for 2 hours loses both bromine atoms, reverting to the stilbene.* 

3 :4 '-DinUrotolcme (I).—The mixture of dibromides (22*8 g.) was 
suspended in boiling alcohol (220 c.c.), and a solution of potassium 
hydroxide (6*6 g.) in water (15 c.c.) added. After being boiled 
under reflux for 1 hour, the mixture was allowed to cool to 50° and 
the brown solid filtered off. After being well washed with cold 
alcohol and then with water, the product was crystallised twice 
from glacial acetic acid, and then from a large volume of alcohol to 
free it from traces of stilbene (see p. 1232). The pure tolane melted 
at 173—174°; the yield was 70% (Found : C, 62*3; H, 3*2. 
g 14 h s 0 4 N 2 requires C, 62*7; H, 3*0%). It is easily soluble in hot 
benzene, nitrobenzene, acetone, or ethyl acetate, less readily in 
acetic acid or chloroform, somewhat sparingly soluble in ethyl 
alcohol, and very sparingly soluble in carbon tetrachloride, carbon 
disulphide, ether, or light petroleum. It produces a deep red 
solution in strong sulphuric acid.f 

Addition of water. The nitrotolane (1 g.), obtained in a fine state 
of division by pouring an alcoholic solution into water, was dissolved 
in cold concentrated sulphuric acid. After being maintained at 
15° for 30 minutes, $ the solution was slowly poured on to ice, and 
the slightly resinous deposit filtered off and dissolved in acetone. 
Slow evaporation of the solvent left behind dark glistening plates, 
which after three crystallisations from alcohol (charcoal) melted at 
101°, alone or mixed with an authentic specimen of 3-nitrophenyl 
4-nitrobenzyl ketone (this vol., p. 582). Although the yield was 
only fair, no other product was isolated. 

* Unlike the dibromide of the parent substance (Limpricht, Annalen, 
1868, 145 , 338), 3: I'-dinitrostilbene dibromide does not yield the corre¬ 
sponding benzil when heated with water under pressure, even at 216° for 
60 hours. 

f Compare the bluish-violet colour given under similar conditions by . 
2 : 4-dinitrotolane (Pfeiffer, loc. cit .). 

f Any other conditions, such as alteration of temperature, use of solvents, 
change in concentration or duration, resulted in a charred product or recovery 
of the unchanged nitrotolane. 
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3 : £-Diaminosiilbene. —A solution of the dinitrostilbene (2 g.) in 
boiling acetic acid (15 c.c.) was cooled to 70° and zinc dust (10 g.) 
and hydrochloric acid (40 c.c.) were gradually added with stirring; 
the reaction was complete in f hour. The boiling solution was 
filtered, and, on cooling, the hydrochloride separated in yellow, 
pearly plates or needles.* The free amine after recrystallisation 
from alcohol formed small, yellow plates or needles, m. p. 156° 
(Found: C, 80*0; H, 6*9. C 14 H 14 N 2 requires G, 80*0; H, 6*7%). 
It is very soluble in ethyl acetate or acetone, less readily in alcohol, 
ether or benzene, and sparingly soluble in chloroform, carbon 
tetrachloride, carbon disulphide or light petroleum. The diacetyl 
derivative crystallises from methyl alcohol in clumps of needles, 
m. p. 226—227° (Found : C, 73*3; H, 6*3. C 18 H 18 0 2 N 2 requires 
C, 73*5; H, 6*1%). This derivative is very soluble in ethyl acetate, 
soluble in acetone or alcohol, and sparingly soluble in benzene or 
chloroform. It gives no colour with cold concentrated sulphuric 
acid. 

3 : 4'-j Diaminodibenzyl. —The diaminostilbene (1*2 g.) was reduced 
with sodium (2 g.) in boiling ethyl alcohol (30 c.c.), the reaction 
being complete in | hour. When cold, the opaque solution was 
acidified with dilute hydrochloric acid and a small amount of tar 
removed by extraction with ether. The free base crystallised from 
the warm solution on addition of dilute sodium hydroxide (weight 
of crude product = 0*95 g.), and when recrystallised from aqueous 
• alcohol formed small, white plates, m. p. 73—-75°. It is easily 
soluble in acetone, alcohol, ether or benzene; the hydrochloride is 
readily soluble in water, from which it crystallises in needles. The 
diacetyl derivative crystallises from aqueous alcohol in small clusters 
of thick needles, m. p. 177° (Found : C, 72*7; H, 6*9. 
requires C, 73*0; H, 6*8%). It is readily soluble in alcohol, acetone, 
or ethyl acetate, moderately easily soluble in hot chloroform, and 
almost insoluble in benzene. It gives no colour with cold sulphuric 
acid. 

Reduction of 3 : 4S-Dinitrostilbene Dichloride .—3 : 4'-Diamino- 
stilbene was also obtained, though with difficulty, from 3 :4'*di- 
nitrostilbene dichloride by reduction in alcoholic solution with 
zinc and hydrochloric acid at 15°.f The reduction was incomplete, 
and the light brown substance which remained after filtration of 
the normal reaction product, when crystallised from alcohol melted 

* It is essential to isolate this amine as its hydrochloride, otherwise the 
melting point varies over a range of 50°. 

t No reduction took place with iron powder and calcium chloride, whilst 
stannous chloride and acetic acid yielded a mixture of products exceedingly 
diMcult to purify. 1 
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at 202—205° (Found : C, 65-2; H, 3*0%). It contained chlorine, 
but gave an immediate intense purple colour with cold concentrated 
sulphuric acid, and was therefore not the unchanged dichloride 
(see this vol., p. 582). On the other hand, it could not be diazo- 
tised. Its constitution was not further investigated. 

Reduction of a-CJdoroA : 3 '-dinitrostilbene .—Facile reduction 
occurred when crystalline stannous chloride (25 g.) in 80% acetic 
acid (25 c.c.) was added to the chlorostilbene (5 g.) dissolved in 
boiling glacial acetic acid (50 c.c.). The solution was almost 
neutralised with sodium hydroxide,* and the tin precipitated by 
hydrogen sulphide. The filtrate was boiled and neutralised, and 
the free ketonic base recrystallised several times from alcohol 
(charcoal); after purification, it formed rosettes of almost colourless 
needles, m. p. 153°, which were not identical with 3 :4'-diamino- 
stilbene, m. p. 156°, obtained from the dichloride (see above), since 
an intimate mixture melted about 15° below this temperature. 

A better yield of the diacetyl derivative of this base was obtained 
by shaking the crude reduction liquor, while still warm, with 
acetic anhydride in presence of sodium acetate. After standing 
over-night, the solution was poured into water and the suspended 
solid extracted with methyl ethyl ketone. The ketone layer, 
which separated after the addition of a large quantity of calcium 
chloride, was dried over potassium carbonate, the solvent removed, 
and the diacetyl compound recrystallised three times from methyl 
alcohol with the addition of ether; it then melted at 204°. (The 
properties of these two compounds are described below.) 

3 :4 '-Diaminotolcme .—The nitrotolane (3 g.) Was boiled with 
alcohol (25 c.c.), and the suspension quickly cooled to 10°. Zinc 
dust (5 g.) was added, and then, very slowly, hydrochloric acid 
(17 c.c.) f during 1 hour, the temperature being maintained at 
10—15°. The solution of the hydrochloride was filtered from much 
(2 g.) unreduced nitrotolane and the precipitated amine was 
extracted with ether and recrystallised from aqueous alcohol, when 
it formed light brown needles, m. p. 124—125° (Found’: G, 80*6; 
H, 6*1. C 14 H 12 N 2 requires C, 80*8; H, 5*8%). It dissolves easily 
in alcohol, ether, ethyl acetate or acetone, rather less readily in hot 
benzene or chloroform, and is sparingly soluble in carbon disulphide 
or light petroleum. It is not converted into the deoxybenzoin by 
boiling with hydrochloric acid. Its diacetyl derivative crystallises 
from methyl alcohol in thick needles, m. p. 226° (Found : C, 73*8; 

* The free amine appears to be somewhat unstable to hydrogen sulphide 
in presence of alkali; possibly a sulphur atom is incorporated in the molecule 
(compare Jones and Robinson, J., 1917, 1U, 911). 

f Zinc and acetic acid give coloured by-products. 


uu2 
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H, 5-55. C 18 H 16 02N 2 requires C, 74*0; H, fr6%). This diacetyl 
derivative, unlike those of diaminostilbene (m. p. 226—227°) and 
diaminodibenzyl (m. p. 177°), gives an immediate red colour with 
cold concentrated sulphuric acid. 

4:-Acetylaminophenyl Z-A cetylaminobenzyl Ketone (IV).—Pure 

3 :4'-diaeetyldiaminotolane (III) (0*3 g.) was dissolved in cold 
concentrated sulphuric acid (3*0 e.c.), and the temperature main-^ 
tained at 15° for \ hour. No hydrolysis took place under th^e 
conditions. The deep red solution was then poured on to ice, and 
the mauve-coloured solid at once filtered off. It slowly changed to a 
grey non-crystalline mass, which by purification from alcohol was 
transformed into almost white needles, m. p. 204° (Pound : C, 69*3; 
H, 6*1. C 18 H 18 0 3 N 2 requires C, 69*7; H, 5*8%). The yield was 
good, and no other product was detected. This diacetyl compound 
was identical with that obtained from the reduction of a-ehloro- 

4 : S'-dinitrostilbene (see above). It is soluble in alcohol, dilute 
acetic acid, or ethyl acetate, but sparingly soluble in ether. It no 
longer gives a red colour with cold concentrated sulphuric acid. 

4t-Aminophenyl Z-Aminobenzyl Ketone .—During the course of 
one experiment on the reduction of 3 : 4 , -dinitrotolane with zinc 
and hydrochloric acid at 70—80°, after separation of the hydro¬ 
chloride of the normal reduction product, precipitation of the 
mother-liquors with alkali yielded a brown solid which, after being 
twice crystallised from aqueous alcohol, melted at 156°. Its melting 
point was depressed 20° by admixture of an authentic specimen of 
3 : 4'-diaminostilbene (m. p. 156°),* but not at all by addition of the 
amine (m. p. 153°) formed on reduction of a-chloro-4: 3'-dinitro- 
stilbene; its diacetyl derivative, m. p. 204°, was identical with that 
obtained by the action of sulphuric acid on 3 :4'-diacetyldiamino- 
tolane. Without doubt it was a deoxybenzoin produced by addition 
of water to the triple bond of the tolane, probably under the influence 
of the metal, since boiling hydrochloric acid alone effected no change 
(Pound : C, 74*0; H, 6*4. C 14 H 14 ON 2 requires C, 74*3 ,* H, 6*2%). 
This amine is soluble in all the usual organic solvents, and crystal¬ 
lises in clusters of slightly brown, flat needles from alcohol. 

Z-Acetylaminophenyl A-acetylamiTiobenzyl ketone was obtained when 
the corresponding dinitro-ketone (1*3 g.) was reduced at 10° with 
zinc and hydrochloric acid, as in previous experiments. The crude 
amine isolated from the hydrochloride was at once acetylated, and 
the product recrystallised from alcohol, when it melted at 184—186° 
(Pound: 0, 69*35; H, 6*0. C 18 H 18 0 3 N 2 requires C, 69*7; H, 5*8%). 
The solubilities of this diacetyl derivative were similar to those of 

* Which even under these conditions, therefore, is not produced (compare 
Reinhardt, loc, cit.). - 
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the isomeric ketone, m. p. 204°, but a mixture of the two melted at 
170—179°. This dissimilarity definitely establishes the constitution 
of 4-acetylaminophenyl 3-acetylaminobenzyl ketone, and conse¬ 
quently the mode of addition of water to 3 :4'-diaminotolane and 
to its diacetyl derivative. 

In conclusion, the author wishes to thank Professor Lapworth for 
suggesting the research, and the Research Fund Committee of the 
Chemical Society for a grant which has defrayed part of the 
expenses. 

The University, Manchester. [Received, January 4th, 1926.] 


CLX .—Investigations in the Diphenyl Series . Part I. 
Migration Reactions . 

By Frank Bell, Joseph Kenyon, and Percy Harry 
Robinson. 

In view of the appearance of a paper by Vorlander (Ber., 1925, 
58, 1913), in which 4-hydroxylaminodiphenyl is described, and 
of another by Scarborough and Waters on the chlorination and 
bromination of 4-aminodiphenyl (this vol., p. 557), it has been 
thought advisable to communicate some of the results already 
obtained by the authors in the same field. 

The literature shows that numerous attempts have been made 
to elucidate the spatial relations of the two nuclei in diphenyl 
compounds, and there is considerable evidence in favour of the 
view of the closeness of the 4, 4'-positions in some derivatives. 
If the 4, 4'-positions in diphenyl are close together, there is a reason¬ 
able probability that those types of reactions which involve the 
para-migration of certain groups in simple benzene compounds 
might also be exhibited, under appropriate conditions, by certain 
derivatives of diphenyl, the migrating group passing from position 
4 to position 4'. Migration reactions in the diphenyl series analogous 
to the following have been looked for, but have not been found : 


H-N-OH NH 2 Me-N*NO Me-N-H Ae-N-Cl Ac-N-H 



In the corresponding diphenyl compounds decomposition occurs 
in case (II), whilst in cases (I) and (III) migration does take place, 
not, however, to the 4'-position but most probably to the adjacent 
3-position. 
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There is an extensive literature on the preparation of diphenyl 
by the thermal decomposition of benzene, the most recent account 
being that of Lowe and James (J. Amer. Chem. Soc ., 1923, 45, 
2666), who, however, used an apparatus which is outside the resources 
of an ordinary laboratory. A simpler device is described in the 
experimental part; chlorobenzene, under similar treatment in the 
apparatus described, underwent extensive carbonisation, and no 
4:4'-dichlorodiphenyl was obtained. The nitration of diphenyl 
was carried out by a modification of the methods due to Hubner 
(Annalen, 1881, 209, 339) and Van Hove (Bull. Soc. chim. Belg ., 
1923,32,52). 

By the reduction of 4-nitrodiphenyl with aluminium amalgam 
and moist ether, there is obtained a complex mixture of 4-azo¬ 
diphenyl, 4-azoxydiphenyl, 4-aminodiphenyl, and 4-hydroxylamino- 
diphenyl, together with unchanged nitrodiphenyl. By crystallis¬ 
ation of this mixture from benzene, a 30% yield of 4-hydroxyl- 
aminodiphenyl is obtained. Vorlander ( loc . tit.), who gives no 
experimental details whatever, states that the compound was 
prepared “ nach bekanntem Verfahren 55 and melted at 132—134°. 

The insolubility of 4-hydroxylaminodiphenyl militates seriously 
against migration experiments under favourable conditions. Sulph¬ 
uric acid of various concentrations was employed at first, but as 
the minimum concentration of this acid necessary for solution of 
the hydroxylamino-compound at the ordinary temperature is 
above 50%, deep-seated decomposition occurs, and no crystalline 
material other than 4-azoxydiphenyl can be isolated from the 
products of the reaction. By the action of 10% sulphuric acid at 
100°, a very small proportion of a new compound was formed. 
This substance has not yet been thoroughly investigated, but it 
is believed to be 4-diphenylyl(4-amino-3-diphenylyl)amine, 
CeH^Ph-NH-GeHsPh-NHa. 

When hydrogen chloride is passed into a dry ethereal solution 
of 4-hydroxylaminodiphenyl, or when this compound is left for 
some time in contact with strong hydrochloric acid, 4 -hydroxyl- 
aminodiphenyl hydrochloride is formed, which, on heating, decomposes 
to give principally 4-azoxydiphenyl. 

An alcoholic solution of hydrogen chloride converts 4-hydroxyl¬ 
aminodiphenyl almost completely into 4-azoxydiphenyl, but at the 
same time there is produced a very small proportion of a compound 
which melts at 69° and contains chlorine. 

Acetyl chloride reacts readily with 4-hydroxylaminodiphenyl 
to yield a diacetyl derivative believed to be diacetylA-hydroxyl- 
aminodiphenyl. This compound can be prepared in almost theo¬ 
retical yield by dissolving 4-hydroxylaminodiphenyl in warm acetic 
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anhydride, and when wanned with strong hydrochloric acid it 
undergoes hydrolysis and simultaneous conversion into a ehloro- 
base (m. p. 69°), the hydrochloride of which hydrolyses very readily, 
and in consequence has not been prepared in a sufficiently pure 
state for analysis. The chloro-base yields a monoacetyl derivative 
of m. p. 146° which is identical with that obtained by the action of 
acetic acid on diphenylyl-4-acetylchloroamine (vide below), so that 
the course of this reaction is probably expressed by the following 
scheme: 



4:-Methylaminodiphenyl was prepared by treating 4-acetylamino- 
diphenyl with sodium and methyl iodide with subsequent elimin¬ 
ation of the acetyl group, and was purified by conversion into its 
nitroso-derivative. 

4z-Nitrosomethylaminodiphenyl, both alone and when suspended 
in ether (in which it is only sparingly soluble), was mixed with an 
alcoholic solution of hydrogen chloride, when slow reaction ensued 
with evolution of gas. No nitroso-4-methylaminodiphenyl was 
found in the reaction mixture, which consisted mainly of 4- 
methylaminodiphenyl together with a little of the unchanged 
substance. 

4-Diazomethylaminodiphenyl is a by-product in the preparation 
of 4-nitrosomethylaminodiphenyl from the crude secondary amine, 
which probably contains a little 4-aminodiphenyl. 

Diptenylyl-4:-acetylcMoroamine . It is clear from the literature that 
the preparation of aryl acyl chloroamines is susceptible to slight 
variations in experimental conditions (compare Armstrong, J., 
1900, 77, 1047; Chattaway and Orton, J., 1901, 79, 275). 

A similar susceptibility has been found in the case of 4-acetyl - 
aminodiphenyl, which, however, reacts rapidly and quantitatively 
at 70—80°. One sample yielded 67% of diphenylyl-4-acetylchloro- 
axnine after only 10 minutes’ heating. Further, the state of sub¬ 
division is very important, and may account for the difficulties 
met with by Armstrong and his students in the case of acetanilide 
(foe. cit.). When the 4-acetylaminodiphenyl was powdered 
mechanically, the yields were poor. 

When diphenylyl-4-acetylchloroamine is warmed with glacial 
acetic acid it is transformed into a chloro-4-acetylaminodiphenyl 
believed to be 3-chloro-4-acetylaminodiphenyl (compare above). 
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No trace of 4'-chloro-4-acetylaminodiphenyl was detected, although 
its presence was specially sought. 

3-Chloro-4-acetylaminodiphenyl results directly if the sodium 
hypochlorite solution used is above normal in strength. 

A quantitative yield of 3-chloro-4-acetylaminodiphenyl results 
also from the direct chlorination of 4-acetylaminodiphenyl in acetic 
acid. Again no trace of 4'-chloro-4-acetylaminodiphenyl was 
detected. This is in marked contrast with the bromination of 
4-aeetylaminodiphenyl in acetic acid, which yields 30% of the 
theoretical quantity of 4'-bromo-4-aeetylaminodiphenyl together 
with 65% of a bromo-base (m. p. 65°) not yet fully examined. 

Experimental. 

Diphenyl .—The heating coil, which consists of about 1 yard 
of 32 gauge nichrome wire, is loosely threaded through a strip of 
mica 5" X 1J-" and suspended in the neck and body of a 5-litre 
flask fitted with an upright condenser. Benzene (1J litres) is 
placed in the flask and boiled. When benzene is dripping freely 
from the condenser, the current is switched on, and by means of 
a sliding resistance is gradually raised to the value (about 3 amps.) 
at which the flask begins to fill with fumes. Little attention is 
required P and at the end of about 30 hours the liquid is transferred 
to a flask and distilled. Benzene comes over first, and then the 
temperature rises rapidly. The fraction b. p. 245—260° is collected 
and crystallised from alcohol. The yield of pure diphenyl averages 
9 g. per hour. 

Nitration of Diphenyl.—Ho a solution of diphenyl in acetic acid 
(2 parts) at 70—90°, nitric acid (d 1-51; 2J—3 mols.) is added in 
small quantities. The solution darkens, and when about one- 
third of the acid has been added a visible and steady reaction sets 
in. The remaining acid is added more carefully, the experiment 
taking 1J to 1J- hours from the first addition of acid. After cooling, 
the crystalline crop of 4-nitrodiphenyl is filtered off, and the filtrate 
diluted with water. The oily layer thus precipitated is separated 
roughly from the aqueous layer and filtered from a further amount 
of 4-nitrodiphenyl. The oil is heated in a current of steam to free 
it from residual acid and unchanged diphenyl, and then distilled 
in a vacuum. Moisture and a trace of diphenyl come over first, 
and the main bulk distils at 188—193°/20 mm. The distillate is 
dissolved in alcohol at 40° and the crystals of 4-nitrodiphenyl 
which separate on cooling are filtered off. After evaporation of 
the alcohol, 2-nitrodiphenyl crystallises in characteristic large plates 
or prisms. 100 G. of diphenyl give 60—70 g. of 4-nitrodiphenyl, 
m. p. 114°, and 35—39 g. of 2-nitrodiphenyl, m. p. 35—37°. 



INVESTIGATIONS IN THE DIPHENYL SERIES. PART I. 1243 

4:-Hydroxyla?ninodipJie?iyl .—A solution of 4-nitrodiphenyl (50 g.) 
in ether (1300 c.c., previously distilled from sodium hydroxide) is 
cooled in a freezing mixtOTe and to it is added aluminium amalgam 
(10 g.), in very thin sheets, at such a rate that the reaction does 
not become too vigorous; the reaction vessel is shaken from time 
to time. Very little hydrogen is evolved if the mixture is kept 
cold, and the amalgam takes about 2 hours for complete reaction. 
The mixture is then filtered, the bulky aluminium hydroxide 
washed several times with dry ether, and the filtrate and washings 
are evaporated to dryness. The residue is dissolved in the minimum 
amount (about 250 c.c.) of boiling benzene, and the yellow solution 
allowed to cool. 4-Hydroxylaminodiphenyl separates in almost 
colourless, glistening leaflets which appear to fill the whole bulk 
of the liquid. These are filtered off and dried (yield, 10—14 g.). 
The compound melts at 152—154° to a red liquid which sets, and 
in turn melts at 188—190° (Found: C, 77-8; HE, 6*0; N, 7*7. 
CigHnON requires C, 77*8; H, 5*9; N, 7*6%). 

The formation of a deep damson colour with concentrated 
sulphuric acid is a sensitive reaction for this compound. 

4-Hydroxylaminodiphenyl (2 g.) was maintained in the molten 
state for 30 minutes, and the cooled residue (1*86 g.) dissolved in 
boiling benzene. The solution on cooling deposited crystals of 
4-azodiphenyl, and after evaporation of the benzene, the residue 
consisted of a mixture of 4-azoxydiphenyl (m. p. 211—212°) and 
4-aminodiphenyl (m. p. 52°). 

On treatment of an ethereal solution of 4-hydroxylaminodiphenyl 
with hydrogen chloride or by leaving a suspension in concentrated 
hydrochloric acid for some time, the hydrochloride is obtained as 
a white powder (Found: HC1, 16*6. C 12 H n ON,HCl requires 
HC1, 16*5%). The principal product obtained on heating the 
hydrochloride is 4-azoxydiphenyl. 

Action of 10% sulphuric acid. 4-Hydroxylaminodiphenyl (5 g.) 
is triturated with sulphuric acid (600 c.c. of 10%), and the mixture 
heated on a steam-bath until the whole assumes a deep chocolate 
colour. It is then filtered hot, and the insoluble residue extracted 
with 2 litres of boiling water. The filtrates deposit amine sulphates, 
which are filtered off and suspended in sodium carbonate solution. 
The mixture is boiled and, after addition of some alcohol, filtered 
from a trace of impurity. On cooling, the liquid fills with fine, 
silky crystals, which are filtered off and crystallised from aqueous 
alcohol; m. p. 156°. It is difficult to make certain that the product 
is quite free from 4-aminodiphenyl, since the sulphate of this 
compound must be present in the filtrate. As the compound is 
insoluble in sodium hydroxide, it is tentatively suggested that it 

tj u* 
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may be produced by tbe o-semidine change of an intermediate 
reactive 4-hydrazodiphenyl (Found: C, 85*0; H, 6*1. C 24 H 20 lSr 2 
requires C, 85*6; H, 6*0%). 

By the action of an alcoholic solution of hydrogen chloride on 
the hydroxylamine there was obtained a small quantity of a chloro- 
base, m. p. 69° (see below). 

DiacetylA-hydroxylaminodiphenyl was prepared by dissolving 
4-hydroxylaminodiphenyl in acetic anhydride and pouring the 
solution, filtered from a little 4-azoxydiphenyl, into excess of water. 
The well-washed precipitate crystallised from alcohol in clusters 
of short, thick needles, m. p. 119° (Found: C, 71*2; H, 5*8; N, 
5*2. C ie H 15 0 3 N requires C, 71*4; H, 5*6; N, 5*2%). 

This compound gives a deep damson colour with concentrated 
sulphuric acid. This diacetyl derivative (24 g.) was dissolved in 
90 c.c. of concentrated hydrochloric acid by warming on a water- 
bath, 500 c.c. of water were added, and the whole was filtered 
while boiling. The hydrochloride which separated on cooling was 
difficult to purify by crystallisation, as it was so readily hydrolysed. 
It was decomposed by sodium carbonate, and the oil obtained was 
filtered off after solidification. By repeated crystallisation from 
aqueous alcohol, it was obtained as a constant-melting chloro-base, 
m. p. 69° (Found : N, 6*9. C 12 H 10 NC1 requires N, 6*9%). 

It gives an acetyl derivative which crystallises from alcohol in 
glistening needles, m. p. 146° (Found: C, 68*4; H, 5*0; 1ST, 6*0. 
C 14 H 12 0NC1 requires C, 68*4; H, 4*9; N, 5*7%). 

4 -AminodiphenyL —This compound is formed during the prepar¬ 
ation of 4-hydroxylaminodiphenyl, but its separation from the 
accompanying azoxy-, azo-, and nitro-compounds is difficult. 
The benzene filtrate from 4-hydroxylaminodiphenyl was therefore 
evaporated to dryness, the residue finely powdered and suspended 
in ether, aluminium amalgam added until the ethereal solution 
became colourless, the filtered solution evaporated to dryness, 
and the residue dissolved in boiling alcohol; on cooling, 4-hydrazo- 
diphenyl separated in colourless, glistening needles, m. p. 167— 
169°. This was filtered off, and by dilution of the mother-liquor 
4-aminodiphenyl (m, p. 52—53°) was obtained. 

4-Nitrodiphenyl is converted directly into 4-aminodiphenyl by 
the same process when excess , of aluminium amalgam is added. 
This appears to be the cleanest method of preparation, and the 
yield is good. 

A-Hydrazodiphenyl was heated with hydrochloric acid and sulph¬ 
uric acid of various strengths, but only 4-azodiphenyl and 4-amino~ 
diphenyl: could be isolated from the products, thus confirming the 
i observa#>n^ of Rassow (/, pr. Ohem, 9 1901, 63, 449). 
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4- Azoxydiphenyl was isolated from the product obtained by 
partial reduction of 4-nitrodiphenyl, by means of its ready solubility 
in benzene and insolubility in alcohol. It melts at 212° whether 
prepared by this method or by Zimmermann’s (Uer., 1880, 13 , 
1960), who, however, gives the m. p. as 206° (Found: C, 81-8; 
H, 5*2; N, 8-1. Calc.: C, 82*3; H, 5*1; N, 8*0%). 

<k-Azodiphenyl (m. p. 249°) was obtained by distilling a mixture 
of 4-azoxydiphenyl and iron filings under reduced pressure. 

4:-Methylaminodiphenyl . —A mixture of 4-acetylaminodiphenyl 
(31*5 g.; m. p. 171°), dry xylene (200 e.c.), and sodium (5 g.) was 
heated at 130° for 2—3 hours and cooled, methyl iodide (25 g.) 
was addedj and the reaction completed by warming for a short 
period. The xylene was distilled off and the residue heated under 
reflux with alcoholic potash for 15 hours. Alcohol and xylene were 
removed in a current of steam, and the residue was extracted with 
ether. The ethereal extract was dried with sodium sulphate and 
after evaporation of the ether the residue distilled almost wholly 
at 198—202°/20 mm., the distillate setting to a semi-solid mass. 
This was best purified by conversion into the nitroso-derivative, 
and subsequent decomposition of this by boiling with concentrated 
hydrochloric acid according to the following procedure. The semi¬ 
solid mass was dissolved in glacial acetic acid, and the calculated 
amount of sodium nitrite added. The precipitate was filtered off, 
dried on porous plate, and boiled with alcohol, which extracted 
the nitrosoamine from an insoluble yellow product (A). On cooling 
the filtrate, the nitrosoamine crystallised, and was obtained as an 
almost colourless, microcrystalline powder, m. p. 116°, by re- 
crystallisation from alcohol (Found : C, 73*6; H, 5*7. C 13 H 12 ON 2 
requires C, 73*6; H, 5*7%). 

The nitrosoamine gave brilliant colours at the various stages of 
the Liebermann reaction. To obtain the secondary base, the 
nitroso-compound was boiled with concentrated hydrochloric acid. 
The hydrochloride thus obtained crystallised from dilute hydrochloric 
acid as a white powder (Found: HC1, 16*6. C 13 H 13 ]Sr } HCl requires 
HC1,16*6%). On decomposition with sodium carbonate, 4-methyl- 
aminodiphenyl was obtained as an oil which rapidly solidified and 
had m, p. 38°. It was readily soluble in almost all organic solvents, 
gave an acetyl derivative, m. p. 118—119°, which was very soluble in 
alcohol and separated from aqueous alcohol in a gelatinous condition. 

This base is much better characterised as its ’p-toluenesulphonyl 
derivative, which was readily prepared by the action of ^-toluene- 
sulphonyl chloride in pyridine solution, and crystallised from 
alcohol in lustrous, white needles, m. p. 128° (Found: N*, 4*2. 
C 20 H 19 O 2 NS requires N, 4*2%). 
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Its constitution is easily checked, since it may also be prepared 
by sha king the ^-toluenesulphonate of 4-aminodiphenyl with 
methyl sulphate and sodium hydroxide. The p 4oluene$ulphonate 
of 4:-aminodiphenyl , prepared by the usual method, crystallises 
from alcohol in colourless needles, m. p. 160° (Found : N, 4*5. 
C 19 H 17 0 2 NS requires N, 4*3%). 

The yellow product (A) obtained in the preparation of 4-nitroso- 
methylaminodiphenyl crystallised readily from benzene in splendid, 
lustrous, yellow plates which decomposed violently at 187°. On 
boiling with dilute sulphuric acid, there was vigorous evolution 
of nitrogen. * When this had ceased, water was added and the 
whole filtered boiling hot. 4-Methylaminodiphenyl sulphate 
crystallised from the filtrate; the residue, after solution in sodium 
hydroxide and precipitation, melted at 164° and was identical with 
4-hydroxydiphenyl prepared directly from 4-aminodiphenyl. The 
compound (A) must therefore be 4c-diazomethylaminodipkenyl 
(Found: C, 81*8; H, 5*7; N, 11*1. C 25 H 21 N 3 requires C, 82*6; 

H, 5*8; N, 11*6%). 

4-Diazoamhiodiphenyl is formed by treating an acetic acid 
solution of 4-aminodiphenyl with sodium nitrite and forms yellow 
plates, m. p. 147° (. Ber ., 1925, 58, 1913). 

4-Mtrosomethylaminodiphenyl both alone.and when suspended 
in ether was treated with an alcoholic solution of hydrogen chloride. 
After 24 hours, the white solid was filtered off and decomposed 
with sodium hydroxide. The solid thus obtained was dissolved in 
alcohol, and on cooling, a small crop, m. p. 96°, was obtained. 
Although crystallisation does not alter this melting point, the 
product appears to be a mixture of unchanged 4-nitrosomethyl- 
aminodiphenyl and 4-methylaminodiphenyl, for, on treatment 
with acetic anhydride and subsequent crystallisation from alcohol, 
pure 4-nitrosomethylaminodiphenyl was obtained. After separ¬ 
ation of the crop of m. p. 96°, the mother-liquor began to deposit 
an oil which, after purification, yielded 4-methylaminodiphenyl 
(m. p. 38°). 

—4-Acetylaminodiphenyl (31-5 g.) 
was dissolved in the minimum quantity of boiling alcohol, and the 
solution stirred rapidly into 3 litres of cold water, a paste of the 
consistency of whipped cream resulting. This paste was filtered 
off with the aid of the pump but not pressed out; it was washed 
with water to remove all alcohol, and then suspended in water 
(600 c.e.) containing potassium bicarbonate (60 g.). A consider¬ 
able excess of sodium hypochlorite solution was added [equivalent 
to 11*6 g. of hypochlorous acid instead of 7*9 g. (calc.)], the strength 
of the whole mixture being 0-16A" in respect of hypochlorous acid. 
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The mixture was maintained at about 70° with constant shaking 
for | hour, and then allowed to cool. The solid was filtered off 
and a sample extracted with chloroform. The solvent was removed 
by a current of air and finally by evacuation. A weighed quantity 
of this product was dissolved in chloroform and shaken with acetic 
acid and potassium iodide solution and the liberated iodine was 
estimated (Found : Cl, 13-9. C 14 H 12 0NC1 requires Cl, 144%). 

This compound crystallises from chloroform-light petroleum in 
square plates melting at 127° if heated rapidly, and at 160° under¬ 
goes a vigorous change, presumably to 3-chloro-4-acetylamino- 
diphenyl. 

Transformation ofDiphenylylA-acetylchloroamim .—The main bulk 
of this substance was filtered off, well washed with water, dissolved 
in glacial acetic acid, and the solution kept at 80° for 10 minutes 
and cooled; the vessel then became filled with masses of colourless 
needles, m. p. 145°, and 147° after recrystallisation from aqueous 
alcohol. The final mother-liquors contained a little unchanged 
4-acetylaminodiphenyl and a trace of a brown oil. 

Fractional crystallisation of this substance and of the residues 
in the acetic acid mother-liquors failed to detect the presence of 
any trace of 4' -chloro-4-acetylaminodiphenyl. The compound, 
hydrolysed by boiling 50% sulphuric acid, gave a base which, 
after crystallisation from aqueous methyl alcohol, melted at 69°. 
4'-Chloro-4-aminodiphenyl has m. p. 134°, so that it is highly 
probable that the above compound is 3-chloro-4-aminodiphenyl, 
and this view of its constitution is supported by its preparation 
by direct .chlorination. 

Chlorine (6*65 g.) (5% excess) was slowly bubbled through a solution 
of 4-acetylaminodiphenyl (21 g.) in glacial acetic acid (300 c.c.) in a 
tall vessel. A copious precipitate began to form at once, and after 
completion of the experiment 50 c.c. of water were added and the 
pale yellow product was filtered off. It melted at 144° and after 
recrystallisationfrom alcohol was obtained in fine, colourless needles, 
m. p. 146°. This substance on hydrolysis gave a base, m. p. 69°, 
identical with that obtained above. Exhaustive fractional crystall¬ 
isation showed that the chlorination was practically quantitative, 
only 4% of unchanged 4-acetylaminodiphenyl being recovered and 
no trace of 4'-chloro-4-acetylaminodiphenyl was detected. 

One of the authors (F. B) gratefully acknowledges receipt of a 
grant from the Advisory Council of the Department of Scientific 
and Industrial Research. 

Battersea Polytechnic, S.W. 11. [ Received , January 14th, 1926.] 
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CLXX .—The Labile Nature of the Halogen Atom in 
Organic Compounds . Part XII . Halogen Com¬ 
pounds of Barbituric Acids . 

By Alexander Ktllen Macbeth, Thomas Henry Nunan, 
and David Traill. 

Previous work on the halogen derivatives of certain diketones has 
now been extended to compounds of the barbituric acid series. 
Baeyer (. Annalen , 1864, 130, 133) pointed out that there is a 
difference in the reactivity of the two halogen atoms in dibromo- 
barbituric acid, one being more readily replaced than the other by 
hydrogen. Whiteley (J., 1921,119, 377) extended this observation 
and found that the reduction of dibromobarbituric acid is effected 
to the extent of one-half of the total bromine when an aqueous 
solution of the compound is added to a neutral solution of potassium 
iodide. 

Hydrazine hydrate has now been found to act in a similar way, 
nitrogen being liberated in a volume agreeing with the reduction of 
one bromine atom. Similarly the chlorine atom is removed by this 
reagent from diehlorobarbituric acid. The corresponding halogen 
compounds of 1-phenylbarbituric acid and 1:3-diphenylbarbituric 
acid, as anticipated, gave results in agreement with the above 
observations, the reduction occurring readily in all cases. 

The stability of the monohalogen derivatives of the barbituric 
acids may be connected with the enolic constitution of these com¬ 
pounds, in accordance with the explanation advanced (J., 1922, 
121 , 1117, 2173) in the ease of the derivatives of 1:1-dimethyl- 
q/cZohexane-3 : 5-dione and cyclohex&nespirocyclohex&ne-S : 5-dione 
(I; R 2 = Me 2 and C 5 H 10 >, respectively). 


ch 2 nh n h 



(i.) (ii.) (in.) 

The difference in behaviour of the dichloro-derivatives of barbit¬ 
uric acids and those of the other diketones previously examined 
(J., 1922, 121 , 1120, 2176; 1923, 123 , 1129) is of interest. In 
the former case one of the halogen atoms is eliminated by hydrazine* 
hydrate, whereas in yy-dichloroacetylacetone, yy-dichlorobenzoyl- 
acetone, 4:4-dichloroc2/cZohexane-3 : 5-dione, and cydaiitt&nespiro- 
4:4-dichloroc^ctohexane-3: 5-dione no reduction occurs. A ready 
explanation of this difference is obtained on the polarity basis by 
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considering the alternate effects of the other atoms in the barbituric 
acid ring, all of which act together to increase the induced electro¬ 
positive character of the halogen atoms. 

The stability of the halogen atom in the monohalogenobarbituric 
acids may, as has been indicated above, be explained by assuming 
an enolic structure for these compounds. In order to throw further 
light on this assumption the absorption spectra of characteristic 

Fig. 1. Fig. 2. 
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compounds of this class were examined. The results are shown in 
Figs. 1—4, The absorption of barbituric acid was examined by 
Hartley (J., 1905, 87, 1796), who found that the acid transmitted 
a continuous spectrum very freely through thicknesses of M /1000- 
solution varying from 1—20 m In view of the results obtained 
in the past few years in absorption work, we were not surprised 
to find, on further examination of barbituric acid, that it showed 
selective absorption, its spectrum being characterised by deep 
complex bands extending over 1 /X 2950—3400, 3700—4200, 4450— 
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Its constitution is easily checked, since it may also be prepared 
by sha king the ^-toluenesulphonate of 4-aminodiphenyl with 
methyl sulphate and sodium hydroxide. The p 4oluene$ulphonate 
of 4:-aminodiphenyl , prepared by the usual method, crystallises 
from alcohol in colourless needles, m. p. 160° (Found : N, 4*5. 
C 19 H 17 0 2 NS requires N, 4*3%). 

The yellow product (A) obtained in the preparation of 4-nitroso- 
methylaminodiphenyl crystallised readily from benzene in splendid, 
lustrous, yellow plates which decomposed violently at 187°. On 
boiling with dilute sulphuric acid, there was vigorous evolution 
of nitrogen. * When this had ceased, water was added and the 
whole filtered boiling hot. 4-Methylaminodiphenyl sulphate 
crystallised from the filtrate; the residue, after solution in sodium 
hydroxide and precipitation, melted at 164° and was identical with 
4-hydroxydiphenyl prepared directly from 4-aminodiphenyl. The 
compound (A) must therefore be 4c-diazomethylaminodipkenyl 
(Found: C, 81*8; H, 5*7; N, 11*1. C 25 H 21 N 3 requires C, 82*6; 

H, 5*8; N, 11*6%). 

4-Diazoamhiodiphenyl is formed by treating an acetic acid 
solution of 4-aminodiphenyl with sodium nitrite and forms yellow 
plates, m. p. 147° (. Ber ., 1925, 58, 1913). 

4-Mtrosomethylaminodiphenyl both alone.and when suspended 
in ether was treated with an alcoholic solution of hydrogen chloride. 
After 24 hours, the white solid was filtered off and decomposed 
with sodium hydroxide. The solid thus obtained was dissolved in 
alcohol, and on cooling, a small crop, m. p. 96°, was obtained. 
Although crystallisation does not alter this melting point, the 
product appears to be a mixture of unchanged 4-nitrosomethyl- 
aminodiphenyl and 4-methylaminodiphenyl, for, on treatment 
with acetic anhydride and subsequent crystallisation from alcohol, 
pure 4-nitrosomethylaminodiphenyl was obtained. After separ¬ 
ation of the crop of m. p. 96°, the mother-liquor began to deposit 
an oil which, after purification, yielded 4-methylaminodiphenyl 
(m. p. 38°). 

—4-Acetylaminodiphenyl (31-5 g.) 
was dissolved in the minimum quantity of boiling alcohol, and the 
solution stirred rapidly into 3 litres of cold water, a paste of the 
consistency of whipped cream resulting. This paste was filtered 
off with the aid of the pump but not pressed out; it was washed 
with water to remove all alcohol, and then suspended in water 
(600 c.e.) containing potassium bicarbonate (60 g.). A consider¬ 
able excess of sodium hypochlorite solution was added [equivalent 
to 11*6 g. of hypochlorous acid instead of 7*9 g. (calc.)], the strength 
of the whole mixture being 0-16A" in respect of hypochlorous acid. 
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The mixture was maintained at about 70° with constant shaking 
for | hour, and then allowed to cool. The solid was filtered off 
and a sample extracted with chloroform. The solvent was removed 
by a current of air and finally by evacuation. A weighed quantity 
of this product was dissolved in chloroform and shaken with acetic 
acid and potassium iodide solution and the liberated iodine was 
estimated (Found : Cl, 13-9* C 14 H 12 0NC1 requires Cl, 14-4%). 

This compound crystallises from chloroform-light petroleum in 
square plates melting at 127° if heated rapidly, and at 160° under¬ 
goes a vigorous change, presumably to 3-chloro-4-acetylamino- 
diphenyl. 

Transformation ofDiphenylylA-acetylchloroamine .—The main bulk 
of this substance was filtered off, well washed with water, dissolved 
in glacial acetic acid, and the solution kept at 80° for 10 minutes 
and cooled; the vessel then became filled with masses of colourless 
needles, m. p. 145°, and 147° after recrystallisation from aqueous 
alcohol. The final mother-liquors contained a little unchanged 
4-aeetylaminodiphenyl and a trace of a brown oil. 

Fractional crystallisation of this substance and of the residues 
in the acetic acid mother-liquors failed to detect the presence of 
any trace of 4 / -chloro-4-acetylaminodiphenyl. The compound, 
hydrolysed by boiling 50% sulphuric acid, gave a base which, 
after crystallisation from aqueous methyl alcohol, melted at 69°. 
4 , -Chloro-4-aminodiphenyl has m. p. 134°, so that it is highly 
probable that the above compound is 3-chloro-4-aminodiphenyl, 
and this view of its constitution is supported by its preparation 
by direct .chlorination. 

Chlorine (6*65 g.) (5% excess) was slowly bubbled through a solution 
of 4-acetylaminodiphenyl (21 g.) in glacial acetic acid (300 c.c.) in a 
tall vessel. A copious precipitate began to form at once, and after 
completion of the experiment 50 c.c. of water were added and the 
pale yellow product was filtered off. It melted at 144° and after 
recrystallisation from alcohol was obtained in fine, colourless needles, 
m. p. 146°. This substance on hydrolysis gave a base, m. p. 69°, 
identical with that obtained above. Exhaustive fractional crystall¬ 
isation showed that the chlorination was practically quantitative, 
only 4% of unchanged 4-acetylaminodiphenyl being recovered and 
no trace of 4 / -chloro-4-acetylaminodiphenyl was detected. 

One of the authors (F. B) gratefully acknowledges receipt of a 
grant from the Advisory Council of the Department of Scientific 
and Industrial Research. 

Battersea Polytechnic, S.W. 11. [Received, January 14 th, 1926.] 
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CLXX .—The Labile Nature of the Halogen Atom in 
Organic Compounds . Part XII . Halogen Com¬ 
pounds of Barbituric Acids . 

By Alexander Ktllen Macbeth, Thomas Henry Nunan, 
and David Traill. 

Previous work on the halogen derivatives of certain diketones has 
now been extended to compounds of the barbituric acid series. 
Baeyer (. Annalen , 1864, 130, 133) pointed out that there is a 
difference in the reactivity of the two halogen atoms in dibromo- 
barbituric acid, one being more readily replaced than the other by 
hydrogen. Whiteley (J., 1921,119, 377) extended this observation 
and found that the reduction of dibromobarbituric acid is effected 
to the extent of one-half of the total bromine when an aqueous 
solution of the compound is added to a neutral solution of potassium 
iodide. 

Hydrazine hydrate has now been found to act in a similar way, 
nitrogen being liberated in a volume agreeing with the reduction of 
one bromine atom. Similarly the chlorine atom is removed by this 
reagent from diehlorobarbituric acid. The corresponding halogen 
compounds of 1-phenylbarbituric acid and 1:3-diphenylbarbituric 
acid, as anticipated, gave results in agreement with the above 
observations, the reduction occurring readily in all cases. 

The stability of the monohalogen derivatives of the barbituric 
acids may be connected with the enolic constitution of these com¬ 
pounds, in accordance with the explanation advanced (J., 1922, 
121 , 1117, 2173) in the ease of the derivatives of 1:1-dimethyl- 
q/cZohexane-3 : 5-dione and cyclohex&nespirocyclohex&ne-S : 5-dione 
(I; R 2 = Me 2 and C 5 H 10 >, respectively). 
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(i.) (ii.) (in.) 

The difference in behaviour of the dichloro-derivatives of barbit¬ 
uric acids and those of the other diketones previously examined 
(J., 1922, 121 , 1120, 2176; 1923, 123 , 1129) is of interest. In 
the former case one of the halogen atoms is eliminated by hydrazine* 
hydrate, whereas in yy-dichloroacetylacetone, yy-dichlorobenzoyl- 
acetone, 4:4-dichloroc2/cZohexane-3 : 5-dione, and cydaiitt&nespiro- 
4:4-dichloroc^ctohexane-3: 5-dione no reduction occurs. A ready 
explanation of this difference is obtained on the polarity basis by 
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considering the alternate effects of the other atoms in the barbituric 
acid ring, all of which act together to increase the induced electro¬ 
positive character of the halogen atoms. 

The stability of the halogen atom in the monohalogenobarbituric 
acids may, as has been indicated above, be explained by assuming 
an enolic structure for these compounds. In order to throw further 
light on this assumption the absorption spectra of characteristic 

Fig. 1. Fig. 2. 
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compounds of this class were examined. The results are shown in 
Figs. 1—4, The absorption of barbituric acid was examined by 
Hartley (J., 1905, 87, 1796), who found that the acid transmitted 
a continuous spectrum very freely through thicknesses of M /1000- 
solution varying from 1—20 mm. In view of the results obtained 
in the past few years in absorption work, we were not surprised 
to find, on further examination of barbituric acid, that it showed 
selective absorption, its spectrum being characterised by deep 
complex bands extending over 1 /% 2950—3400, 3700—4200, 4450— 
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4530 and with heads at 1/X 3000, 3170, 3760, 3880, 4490 approxim¬ 
ately. The sodium salt (barbituric acid in the presence of -^/10- 
sodium hydroxide) shows an absorption practically identical with 
that of the acid itself and therefore it is evident that in aqueous 
solution the acid exists in the enolised form (II), As was expected, 
in the presence of a strong acid the keto-enol change is induced : 
the absorption curve of barbituric acid in the presence of hydro- 

Fig. 3. Fig. 4. 
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chloric acid does not show to the same extent the marked selective 
effect characteristic of the enolic structure, the acid being present 
mainly in the ketonic form (III). 

It was considered of interest to examine the absorption of 
barbitoiie, as the constitution of this compound is definitely fixed 
and it may be taken as characteristic of the (7-dialkyl type. Its 
• spectrum, like that of barbituric acid in the presence of hydro-, 
chloric acid, shows no selective effect characteristic of the enolic 
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form. In the presence of alkali, barbitone further develops the 
small absorption band at about 1 /A 3760, and this is probably due 
to enolisation involving a hydrogen atom of one of the imino- 
groups. 

The absorption spectra of dichloro- and dibromo-barbituric acids 
are shown in Figs. 3 and 4. The curves are of the same type as 
those of barbitone, the selective effect connected with the enolic 
structure being absent. It has been pointed out that hydrazine 
hydrate reacts with the dihalogen compounds, eliminating one of 
the halogen atoms and forming the hydrazine salt of the resulting 
monohalogen derivative. No marked band development is observed 
in the spectra of the dihalogen compounds on the addition of 
sodium hydroxide, and therefore it must be inferred that, at the 
dilutions employed, this reagent does not react greatly with the 
labile halogen atoms. 

The evidence of the absorption spectra of barbituric acid and 
its derivatives therefore clearly shows (a) that the parent acid 
exists in the enolic form in aqueous solution, whilst in acid solution 
the compound is present mainly as the ketonic modification; and, 
further, (6) that the dihalogen derivatives are compounds of the 
(7-dihalogen type, which leaves no grounds for attributing the 
reactivity of the halogen atom to an oxygen-halogen linking (com¬ 
pare Graham and Macbeth, J., 1922,121, 1109, 2601). The bands 
found in the regions 1/A 3000 and 3760 are probably connected 
with enolisation involving an imino-group, as these are found in 
barbitone and dibromobarbituric acid in the presence of alkali. 

Experimental. 

The absorption spectra recorded were all obtained with a Hilger 
spectroscope fitted with a camera attachment. The reductions 
described were carried out in a Van Slyke nitrometer, hydrazine 
hydrate (50% solution) being employed throughout. 

Dichlorobarbituric acid . Barbituric acid, prepared by Gabriel 
and Coleman’s method (JSer., 1904, 37, 3657), was chlorinated in 
aqueous suspension at 30—40°, leaflets, m. p. 219—220°, being 
obtained. The reaction with hydrazine hydrate is vigorous and 
is complete in a few seconds. 5 C.c. of a solution of 0*980 g. in 
25 c.c. of alcohol liberated 11*9 c.c. of nitrogen at 10*5° and 732 
m m. One g.-mol. therefore liberates 13*93 g. of nitrogen, corre¬ 
sponding with the removal of one chlorine atom. 

The hydrazide of monochlorobarbituric acid is precipitated from 
the above reaction mixture and may also be prepared by the 
addition of hydrazine hydrate to an alcoholic solution of mono¬ 
chlorobarbituric acid. It does not melt below 300° (Found; 
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Cl, 18-2; N 2 H 4 , 16-7.* C 4 H 7 0gN 4 Cl requires Cl, 184; N 2 H 4 , 
16-6%). 

Dibromobarbituric acid was prepared by Biltz and Hamburger’s 
method ( Bet 1916, 49 , 635). Recrystallised from 2iV-nitric acid, 
it had only a faint rose tinge and melted at 234°. A very vigorous 
reaction takes place with hydrazine hydrate, and white crystals of 
the hydrazide of monobromobarbituric acid separate. 5 C.c. of 
a solution of 1-124 g. of the dibromo-compound in alcohol liberate 
12-1 c.c. of nitrogen at 15° and 729*1 mm. One g.-mol. therefore 
liberates 14*07 g. of nitrogen, which corresponds with the reduction 
of one bromine atom. 

The hydrazide of monobromobarbituric acid, isolated above, may 
also be prepared directly from monobromobarbituric acid. It does 
not melt below 300° (Found : Br, 33*8; Jf 2 H 4 , 13*3. C 4 H 7 0 3 N 4 Br 
requires Br, 34*0; N 2 H 4 , 13*5%). 

Monobromobarbituric acid , prepared by Biltz and Hamburger's 
method (loc. cit .), showed no reduction with hydrazine hydrate at 
the laboratory temperature. 

5 : b-Dibromo-1 ; 3 -diphenylbarbituric acid , prepared by Whiteley’s 
method (J., 1907,91,1367), reacts vigorously with hydrazine hydrate 
with the elimination of one bromine atom. 0*438 G. of the dibromo- 
compound liberated 12*6 c.c. of nitrogen at 13° and 719*8 mm. on 
treatment with hydrazine hydrate. One g.-mol. liberates 14*2 g. 
of nitrogen, which is in fair agreement with the removal of one 
halogen atom. 

The hydrazide of 5-bromo-l : 3-diphenylbarbiturie acid separates 
during the above reaction as a creamy solid which recrystallises 
from alcohol in small needle-shaped laths; these appear as arbores¬ 
cent aggregates under the microscope; m. p. 220° (Found: Br, 
21*6; N 2 H 4 , 8-3. C^H^O^Br requires Br, 21*8; N 2 H 4 , 8*5%). 

5-Bromo- 1: 3~diphenylbarbituric acid , prepared by Whiteley’s 
method (J., 1921, 119 , 378), was not reduced by hydrazine hydrate, 
but formed the above hydrazide. 

1 -PhenyJbarbiiuric acid was prepared on lines parallel to those 
followed in the preparation of the diphenyl acid. Phosphoryl 
chloride (60 g.), malonie acid (20 g,), and phenylcarbamide (25 g.) 
were heated under reflux for 6 hours with dry chloroform (200 c.c.) 
at a temperature just below the boiling point. After removal of 
the chloroform in a current of air, the residual syrup was left in 
alcohol to decompose the phosphoryl chloride and then poured 
on ice. The solution of the creamy solid in sodium carbonate was 
filtered, and acidified with hydrochloric acid. The resulting solid 

* Estimated by a modification of Rimini's method (see J., 1925, 127 
897). ‘ ' / ■ . . 
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was gently heated with a little alcohol to remove the soluble acetyl- 
ated products, and after crystallisation from alcohol had m. p. 
262° (Found : N, 13*7. C 10 H 8 O 3 N 2 requires N, 13*7%). 

3 : %-Dibromo-l-phenylbarbituric Acid . — Phenylbarbituric acid 
(5 g.) was heated on a water-bath with glacial acetic acid (50 c.c.) * 
and dissolved on the gradual addition of the theoretical amount of 
bromine. The solution, after further heating (30 minutes), was 
poured on ice. Repeated crystallisation of the precipitated yellow 
solid gave almost white, lath-shaped crystals of the dibromo-acid, 
m. p. 204° (Found : Br, 44*0. -C 10 H 6 O 3 N 2 Br 2 requires Br, 44*2%). 

The dibromo-acid reacts readily in alcoholic solution with hydr¬ 
azine hydrate, liberating nitrogen and precipitating the hydrazide 
of the monohalogen acid. 0*2980 G. liberated 9*8 c.c. of nitrogen 
at 16° and 748 mm. One g.-mol. therefore liberates 13*9- g. of 
nitrogen, which corresponds with the reduction of one bromine 
atom. 

The hydrazide of 3-bromo-l-phenylbarbituric acid, isolated above, 
forms rectangular needles, m. p. 146° (Found: Br, 25*4; N 2 H 4 , 
10*5. C 10 H 11 O 3 N 4 Br requires Br, 25*6; N 2 H 4 , 10-2%). 

5-Bromo -1 -phenylbarbituric Acid .—The calculated quantity of 
bromine was added to the parent acid (5 g.), suspended in chloro¬ 
form (50 c.c.) and warmed on the water-bath. After l hour, the 
solution was filtered, and the solid crystallised several times from 
spirit, being thus obtained in faintly pink, crystalline warts, m. p. 
213° (Found: Br, 28*2. C 10 H 7 O 3 N 2 Br requires Br, 28*2%). No 
reduction took place on treatment with hydrazine hydrate, the 
above hydrazide being formed. 

We (T. H. N. and D, T.) wish to acknowledge a grant from the 
Department of Scientific and Industrial Research which enabled 
us to participate in the work. 

Durham Colleges, 

University or Durham. [Received, February 24dh, 1926,] 

* It is inadvisable to use more acetic acid, as the dibromide is then not 
precipitated when the solution is subsequently poured on ice. 
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CLXII .—The Velocities of the Reactions between Ethyl 
Iodide and the Sodium Salts of Various Substituted 
Phenols in Ethyl-alcoholic Solution. 

By Leonard Jajmes Goldsworthy. 

Although much work has been done on the relation between the 
constitutions of different alkyl halides and their activities towards 
the sodium salts of phenol and of a- and (S-naphthol (Segaller, J., 
1913, 103, 1154, 1421; 1914, 105, 106, 112; Cox, J., 1918, 113, 
666, 821; 1920, 117, 493; Shroder and Aeree, J., 1914, 105, 2583), 
the effects of the substituents in the phenolic substances on the 
velocities have not hitherto been studied. The object of the present 
investigation was to ascertain the effect of introducing methyl and 
chlorine in different positions in the molecule of sodium phenoxide, 
on the rate of reaction of this substance with ethyl iodide. It was 
hoped that the results might be of some value in reference to the 
general and induced polarity effects accompanying substitution in 
the benzene ring. 

As Segaller and others have shown, the reactions between alkyl 
halides and sodium phenoxides are bimolecular but of a special 
type, the velocity coefficients being smaller the greater the initial 
concentrations, of the reacting substances, in accordance with the 
equation Jc r = k x + a log v } where v is the volume containing 
1 g.-mol. of the alkyl halide and sodium phenoxide. All the 
reactions studied in this investigation were therefore carried out 
in solutions of the same strength, viz., seminormal, with a view to' 
obtain comparable results. 

The following are the mean values (h x 10 5 ) of the observed 
velocity coefficients for the sodium salts of the cresols and chloro- 
phenols : Concentrations of sodium salts and of ethyl iodide, N/2. 
Temp. 42*5°. 


(Phenol 
p-Cresol 
m- „ 


702) p-Chloropkenol. 393 

918 o- „ . 334 

810 77i- „ . 278 

726 2 ; 4-Diehlorophenol. 196 


The results resemble those obtained by Boyd and Marie (J., 1914, 
105, 2117) in their investigation on the reactivities of substituted 
sodium phenoxides towards ethylene and propylene oxides, the 
order of the reactivities of the cresols and chlorophenols towards 
ethyl iodide and ethylene oxide being identical. 

A possible explanation of the order of the reactivities towards 
ethyl iodide is suggested by the results obtained by Shroder and 
- Aeree in the study of the reactions between sodium phenoxide and 
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alkyl halides (J., 1914, 105, 2582). They have shown that in a 
mixture of sodium phenoxide and ethyl iodide in alcoholic solution, 
the “ ionic 55 and “ molecular ” reactions 

Ph<0' + c 2 h 5 i = Ph-o-c 2 n 5 + r 

and 

Ph-ONa + C 2 H 5 I = Ph*0*C 2 H 5 + Nal 

occur simultaneously, the former being about five times as fast as 
the latter. The “ ionic ” reaction involves the transfer of an 
electron from the phenoxide ion to the iodine atom, a process which 
will be the more easily eSected the weaker the tendency of the 
phenoxide ion to hold its electron—in other words, the smaller the 
ionisation constant of the phenol in question. We should expect, 
therefore, that the order of the reactivities of the phenoxides would 
be the inverse of the order of the ionisation constants of the corre¬ 
sponding phenols. The results, except in the case of sodium o-tolyl 
oxide, accord with this expectation, the ionisation constants increas¬ 
ing in the order o-, p- 3 and m-cresol, phenol, p-, o-, and wa-chloro- 
phenol, 2 :4-dichlorophenoL* In the case of sodium o-tolyl oxide 
the retarding steric effect of the methyl group in the ortho-position 
may account for the unexpectedly low reactivity. 

Experimental. 

The ethyl alcohol used in these experiments was commercial 
absolute alcohol, carefully dried by digestion with lime and calcium. 
The ethyl iodide was purified by successive washings with dilute 
caustic soda solution and water, drying over calcium chloride, and 
distillation from silver powder. The cresols and chlorophenols, 
supplied by Kahlbaum, were purified by fractional distillation a 
few hours before use. All the instruments used were standardised 
against instruments carrying the certificate of the National Physical 
Laboratory. 

The experiments were carried out at 42*5° ± 0T° in a thermostat 
provided with an Ostwald toluene regulator and an efficient stirrer. 

To a weighed quantity of the phenol was added a measured volume 
of an alcoholic solution containing an equivalent quantity of sodium 
ethoxide. The solution was then diluted to normal concentration 
by adding the calculated volume of alcohol. 50 C.e. of this solution 

* The ionisation constants of phenol and the cresols have been determined 
by Dawson and Mountford (J., 1918, 113, 937). The order of. the constants 
for 'p- and o - chlorophenols may be deduced from the measurements of the 
hydrolysis of their salts by Hantzsch and Farmer (Ber*, 1899, 32, 3066, 3089). 
It is assumed from a consideration of the induced polarity effects that the 
ionisation constant of m-chlorophenol, for which data are not available, is 
greater than those of o- and p-chlorophenol. 



1256 MORGAN AND PORTER : CARBOXYLATED p-DIKETONES. 

were mixed quickly with an equal volume of a normal solution of 
ethyl iodide, and 10 c.c. of the mixture were introduced into each 
of eight small test-tubes, which had been steamed out previously. 
The test-tubes, provided with well-fitting rubber stoppers, were then 
placed in the thermostat. After 10 minutes, the contents of one 
of the tubes were transferred quickly to a beaker containing ice and 
an amount of standard acid nearly sufficient to neutralise the 
unchanged phenoxide. The titration was completed as quickly as 
possible, with lacmoid as indicator. Further titrations were 
carried out in a similar way at suitable intervals of time. The 
results were calculated from the equation h — xyjta(a — x ), in 
which y , a, and a — x represent the volunte (in c.c.) of acid required 
to neutralise the phenoxide in 10 c.c. of the mixture before the 
commencement of the experiment, in the first titration (zero-time), 
and after t minutes, respectively. 

In order to economise space the detailed results of only one experi¬ 
ment are shown, viz., that in which the salt was sodium wz-tolyl 
oxide, and A T /5-hydrochloric acid was used for titration. 


t. 

a—x. 

X. 

h X 10 s . 

t. 

a—x. 

x . 

k X 10 5 . 

0 

22-15 

— 

— 

90 

13-45 

8*70 

811 

30 

18-15 

4-00 

829 

120 

12-05 

10*10 

788 

60 

15*40 

6-75 

824 

150 

10*80 

11*35 

791 

70 

14*70 

7*45 

817 



Mean 810. 


In conclusion, the author wishes to express his thanks to Mr. 
D. H. Peacock for the interest which he has shown in this work 
and for some useful suggestions. 

TTntversity Coxuege, Rangoon, 

Burma. [Received, December 28 tk, 1925.] 


CLXIII .—Carboxylated fi-Diketones. 

By Gilbert T. Morgan and Charles Raymond Porter. 

In this communication we describe the synthesis of new (3-diketones 
containing auxiliary carboxyl groups, these substances having been 
prepared with the object of facilitating the resolution of metallo- 
p-diketones into optically active enantiomerides. 

Hitherto this separation has been effected only with such salts 
as [CoAc,2en]Cl 2 and [CoPr^enjClg, where Ac and Pr represent the 
univalent radicals of acetylacetone and propionylacetone respectively 
(Werner, Schwyzer, and Karrer, Hdv. Chim . Acta, 1921, 4, 113), but 
not with metaUo-p diketones such as [BePr 2 ] and [CuPrJ or [FeAc 3 ] 
; and [CoAej, where the metal is wholly combined with the organic 
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radical. Even if the two foregoing pairs of metallo- [3-diketones 
exist respectively in tetrahedral and octahedral forms, an experi¬ 
mental di ffi culty arises from the fact that these substances, being 
non-ionised inner metallic complexes, do not combine either with 
optically active acids or with alkaloids. Moreover, the examination 
of selected crystals has not in this series led to positive results. 

An auxiliary acidic group has been conferred on acetylacetone 
by condensing the sodium salt of this [3-diketone with ethyl o-chloro- 
m-toluate ( m-carbethoxybenzyl chloride ), CH 2 Cl*C 6 H 4 -C0 2 Et, when 
3-m -carbethoxybenzylacetylacetone (I; R = CH 3 ) was produced 
which by hydrolysis in concentrated sulphuric acid furnished 
3 -m-wrboxybenzylacetylacetone (II; R = CH 3 ), a |3-diketone con¬ 
taining two acidic functions, a chelate radical and the carboxyl 
substituent. 


(L| E S!>^0 


CH 3 *C(OH Y 


C0 2 Et 


R-CO 

CH 3 -C(0H) 



R = CH 3 or C 3 H 7 . 


Cobaltic and chromic derivatives of the free earboxy-diketone 
were prepared but found to be unsuitable for resolutions with 
optically active alkaloids. 

Homologues of the foregoing diketones with unsymmetrical 
chelate groups were prepared by a similar series of operations 
carried out on sodium butyrylacetone, when Z-m-carbethoxybenzyl- 
butyrylaceione (I; R — C 3 H 7 ) resulted, and this ester on hydrolysis 
yielded Z-m-carboxybenzylbutyrylacetone (II; R = C 3 H 7 ). 

The free earboxy-diketone (II; R = C 3 H 7 ) gave a green dicupric 
salt convertible into a grey monocupric derivative the colour of 
which suggested (Morgan, Drew, and Porter, Ber., 1925, 58, 333) 
that the metal was held in the chelate group, but, although soluble 
in organic media, the monocupric compound rapidly decomposed 
in warm solutions into dicupric salt and earboxy-diketone. 

A similar pair of beryllium derivatives was prepared, the mono¬ 
beryllium compound being soluble in organic media, but crystal¬ 
lisation of this substance was impossible because of its rapid decom¬ 
position into ill-defined, insoluble products. Moreover, the alkaloidal 
salts of this monoberyllium derivative were also unsatisfactory and 
afforded no indication of any resolution. 

Roth carboxy-(3-diketones exhibit keto-enol isomerism: speci¬ 
mens crystallised from non-hydroxylic solvents such as benzene or 
petroleum were more fusible and gave immediately with ferric 
chloride purple colorations, thus indicating the enolic variety, 
whereas preparations crystallised from alcohol were less fusible 
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and developed the coloration only gradually, thereby suggesting a 
diketonic modification. 

Experimental. 

Ethyl <*-chloro-m-toluate (m-carbethoxybenzyl chloride) was prepared 
by a modification of the patented method (E.P. 29720/1910; 
D.R.-P. 234913; Friedlander’s “ Fortschritte/’ X, p. 117). 
m-Toluic acid (100 g.) was gradually warmed to 120° with 75 c.c. 
of thionyl chloride and thereby converted into m-toluoyl chloride, 
b. p. 105°/20 mm. Chlorine was passed into 112-5 g. of this chloride 
at 160—180° until its weight increased to 138 g. The resulting 
co-ehloro-m-toluoyl chloride was warmed gently with 50 c.c. of 
alcohol; a vigorous reaction set in with evolution of hydrogen 
chloride, the flask being finally heated to 140°. The ester was 
washed rapidly with dilute aqueous sodium carbonate and water, 
dried, and distilled under reduced pressure; 130 g. (= 89%) were 
obtained boiling at 140—150°/12 mm. (Found : Cl, 18-4. C 10 H 11 0 2 C1 
requires Cl, 17*9%). 

I. 3-m -Carbethoxybenzylatietylacetone (I; B» = CH 3 ).—Eighty g. of 
sodium acetylacetone and 130 g. of the foregoing ester were heated 
together under reflux at 135—145° for 3 hours and finally at 160°. 
The cooled product was extracted with water and ether; the dried 
ethereal layer was distilled, yielding acetylacetone and 84 g. of a 
higher fraction, b. p. 175—215°/11 mm. The less volatile fraction 
dissolved in alcohol and was added to aqueous copper acetate con¬ 
taining an equivalent proportion of ammonia. After 2 or 3 days 
the copper derivative was collected, and washed with dilute acetic 
acid to dissolve copper hydroxide and with ether to remove liquid 
impurities. The ethereal washings were worked up again with 
further distillations of crude diketone. 

Copper 3-m-carbethoxybenzylacetylacetone, a light grey, micro- 
crystalline powder, was insoluble in water but soluble in organic 
solvents; it crystallised from benzene and melted at 173—176° 
(Found: C, 61*3; H, 5-6. CggH^OgCu requires C, 61*6; H, 5*8%). 

On extraction with dilute sulphuric acid and ether 67 g. of this 
copper salt yielded 42 g. (= 70%) of the liquid diketone, b. p. 
209—215°/12 mm., which developed a reddish-purple coloration 
with alcoholic ferric chloride. 

Acidic Hydrolysis of %-m-Garbeihoxybenzylacetylacetone. —The ester 
was not affected by boiling with 517-sulphuric acid, 40% sulphuric 
acid, concentrated hydrochloric acid, or glacial acetic acid. Heat¬ 
ing with syrupy phosphoric acid led to products giving no coloration 
with ferric chloride. 

A solution of 1 or 2 g. of the ester in 3 or 4 volumes of concentrated 
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sulphuric acid was heated on the water-bath; hydrolysis occurred 
and the cooled red liquid yielded a white solid when poured on to 
crushed ice. This product was crystallised from benzene or benzene- 
petroleum. The first mother-liquors contained unchanged carb- 
ethoxy-(B-diketone, which was recovered and worked up in subsequent 
batches. 

3 -m-Carboxybenzylatietylacetorie (II; R = CH 3 ), obtained by this 
hydrolysis in 50% yield, crystallised from alcohol in colourless 
needles, m. p. 130°, and from benzene in white needles, m. p. 115°. 
The change in melting point is reversible and is probably due to 
keto-enolic isomerism. A specimen crystallised from benzene gave 
with ferric chloride a purple coloration, whereas the preparation 
from alcohol developed this colour only after a time (Found : 
C, 67*1; H, 5*8. C 13 H 14 0 4 requires C, 66-7; H, 6*0%). 

3-m-Carboxybenzylacetylacetone was fairly stable in acid solution 
but readily hydrolysed by alkalis (p. 1261). It was soluble in ordi¬ 
nary organic solvents except light petroleum and dissolved sparingly 
in water. 

Copper Derivatives of Z-m-Carboxybenzylaeeiylaceione .—A bluish- 
green precipitate separated on adding excess of aqueous copper 
acetate to an acetone solution of 3-m-carboxybenzylaeetylacetone. 
This diouprie salt containing copper attached both to carboxyl and 
chelate groups (Cu, 21-7. C 26 H 24 0 8 Cu 2 requires Cu, 21*5%) was 
insoluble in the ordinary organic solvents excepting pyridine, in 
which it dissolved extremely readily. On concentrating the pyridine 
solution, a precipitate was formed which lost pyridine on drying 
and reverted to the original dicupric salt. This substance developed 
slowly a red ferric chloride coloration, decomposed to a brown paste 
at 250°, and lost half its copper on trituration with an equivalent 
proportion of N /10-sulphuric acid, yielding a light grey monocupric 
derivative (Cu, 11*9. C 26 H 26 0 8 Cu requires Cu, 12*0%), which 
decomposed at 235—240° to a brown paste. It was insohible in 
all ordinary solvents, and with ferric chloride it developed a red 
coloration only after a few minutes. This slowness of reaction 
and the grey colour suggest that the copper of the monocupric salt 
is attached to the chelate group. 

Other Metallic Derivatives .—Normal beryllium acetate added to 
an acetone solution of the 3-m-carboxybenzylacetylacetone produced 
a white precipitate of beryllium derivative insoluble in organic 
solvents. A portion of the beryllium could be removed by tri¬ 
turation with dilute sulphuric acid (one equivalent) and the residue 
was then soluble in organic media, but it could not be purified by 
crystallisation because it reverted to a mixture of free diketone- 
carboxylic acid and the diberyllium derivative of this acid. 
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The dart green chromium derivative, although soluble in 
chloroform, was transformed in the warm solution into an insoluble 
green vitreous mass. 

II. 3-m~Carbethoxybenzylbutyrylacetone (I; R = C 3 H 7 ).—Butyryl- 
aeetone prepared from methyl propyl ketone and ethyl acetate 
(Morgan and Drew, J., 1924, 125, 737) was dissolved in 10 volumes 
of dry cold ether and converted into its sodium salt by the addition 
of sodium in thin slices. After collecting the separated sodium 
derivative, the mother-liquors were concentrated, the total yield 
being practically quantitative. A mixture of 110 g. of sodium 
butyrylacetone and 145 g. of 3-m-carbethoxybenzyl chloride was 
heated under reflux in an oil-bath. At 140—150°, the sodium salt 
dissolved to a clear liquid and sodium chloride separated. After 
an hour at 160°, the cooled product was extracted with ether and 
water. The ethereal layer was washed with dilute acetic acid and 
distilled under reduced pressure. Butyrylacetone passed over first, 
yielding 25 g. of its copper derivative, and a higher fraction was 
obtained boiling above 180°/10 mm. The less volatile portion, 
dissolved in alcohol, was treated with excess of aqueous copper 
acetate containing one equivalent proportion of ammonia. After 
a few days, the mixture was slightly acidified and the copper 
derivative collected and washed successively with light petroleum 
and ether* The grey copper derivative, when extracted with dilute 
sulphuric acid and ether, regenerated the diketone , b. p. 200—201°/ 
6 mm. {yield 47 g. or 22%). 

Copper 3-m-carbethoxybenzylbutyrylacetone was soluble in chloro¬ 
form or benzene and crystallised from the latter as a light grey, 
macrocrystalline powder, m. p. 168—170° (Found: C, 63*6; H, 6*6. 
C^H^OgCu requires C, 63*6; H, 6*5%). 

3-m-Carboxybenzylbutyrylacetone (II; R = C 3 H 7 ).—The fore¬ 
going ester was hydrolysed in 1 to 2 g. lots by mixing with 3 or 4 
volumes of concentrated sulphuric acid, the solution being stirred 
for 2 to 3 minutes on the water-bath. The cooled yellow solution 
was then poured on to crushed ice and the white solid crystallised 
as quickly as possible from carbon tetrachloride (yield 50%). 

This diketonic acid was more soluble and less stable than its 
lower homologue from acetylacetone, the crude material being 
decomposed completely on boi li ng for more than a few minutes 
with solvents. It was readily soluble in these organic media and 
dissolved sparingly in water. When crystallised from aqueous 
alcohol, the diketo-acid separated in small plates sintering at 80° 
and melting indefinitely at 100—112°. The purple ferric coloration 
developed only slowly with this specimen. But a preparation 
from benzene-petroleum melted at 78—90° and gave 
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the ferric coloration immediately (Found : G, 69-1; H, 6-9. c 15 h 18 0 4 
requires C, 68*7; H, 6*8%). 

Copper Derivatives of Z-m-Garboxybenzylbutyrylacetone.—Dicupric 
Z-m-carboxybenzylbutyrylacetorie was obtained as a bluish-green 
precipitate by adding copper acetate to an acetone solution of the 
diketo-acid. On washing with acetone, a portion dissolved and 
monoeupric derivative was recovered from this extract. The 
insoluble dicupric salt decomposed to a brown paste when heated 
above 225° (Found: Cu, 19*4,19*8. C 30 H 32 O s Cu 2 requires Cu, 19*6%). 

Monoeupric Z-m-carboxybenzylbutyrylacetone, prepared as a grey 
powder by triturating the foregoing copper compound with N/ 10- 
sulphuric acid, was soluble in alcohol or acetone, but crystallisation 
had to be effected as rapidly as possible because the substance 
decomposed on boiling the solution, with formation of the free 
diketo-acid and dicupric compound. The monoeupric compound 
sintered at 173° and melted to a green liquid at 176—178° (Found : 
Cu, 11*1. C 30 H 34 O 8 Cu requires Cu, 10*9%). 

Beryllium Derivatives of Z-m-Carboxybenzylbutyrylacetone .—On 
mixing an acetone solution of 3-m-carboxybenzylbutyrylaeetone 
with aqueous normal beryllium acetate a copious white precipitate 
was obtained insoluble in water and the ordinary organic solvents, 
thus corresponding in properties with the foregoing dicupric salt. 
This insoluble beryllium compound was triturated with a very 
slight excess of 2N-sulphuric acid, and the mixture filtered. The 
filtrate contained beryllium; the precipitate was now soluble in 
organic media. This soluble beryllium derivative could not, 
however, be crystallised, as its solutions in benzene or other organic 
solvents rapidly underwent chemical change with the formation 
of a gelatinous white precipitate. 

Numerous attempts were made to prepare the morphine, cin- 
chonidine, brucine, and strychnine salts of the foregoing soluble 
beryllium derivative, but the products were ill-defined, uncrystal- 
lisable, vitreous, or oily substances from which no definite evidence 
as to resolution could be deduced. 

III. m -Carboxybenzylacetone or <x>-AcetonyLm-toluic Acid , 
CH 3 *C0*CH 2 *CH 2 -C 6 H 4 *C0 2 H.—On warming with dilute aqueous 
sodium hydroxide, m-carbethoxybenzylacetylacetone or m-carb- 
ethoxybenzylbutyrylacetone dissolved to a colourless solution from 
which acids precipitated a white solid soluble in ether. This 
product, which was also obtained by alkaline hydrolysis of m-carb* 
oxybeiizylaeetylacetone and m-carboxybenzylbutyrylacetone, was 
identified as m-carboxybenzylacetone. It was slightly soluble in 
water, but dissolved readily in organic media, crystallising therefrom 
on addition of light petroleum; it also separated from the latter 
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solvent in lustrous plates, m. p. 77° (Found: C, 68*5; H, 64. 
C 11 H 12 0 3 requires C, 68*7; H, 6-2%). The equivalent weight by 
alkalimetry was 194; theory requires 192. 

IV. 3-o -Carbethoxybenzylacetylacetone, 

(CH 3 -C0) 2 CH*CH 2 -CeH 4 *C0 2 Et. 

—o-Toluoyl chloride, obtained in practically quantitative yield from 
o-toluic acid and phosphorus trichloride at 120—170°, was subjected 
to a stream of chlorine at 160—180° without a catalyst until the 
calculated increase in weight had been attained. The resulting 
co-chloro-o-toluoyl chloride boiled at 129—133°/12 mm. 

When treated with a slight excess of warm alcohol, this chloride 
was esterified with loss of hydrogen chloride. The ethyl o-chloro- 
o-toluate was washed with dilute aqueous sodium carbonate, dried, 
and distilled in small quantities, when the ester boiled at 139— 
143°/12 mm. 

When larger quantities were distilled, after a portion of the 
ester had passed over, a solid product collected in the condenser 
which was identified as phthalide, m. p. 73° (Found: C, 71*9; 
H, 4*6. Calc.: C, 71*6; H, 4*5%). 

Ethyl co-chloro-o-toluate was condensed with sodium acetyl- 
acetone as in the case of the <D-chloro-m-toluate (p. 1258). 

3-o-Carbethoxybenzoylacetylacetone was obtained by acidifying its 
grey copper derivative (m. p. 168—170°); it boiled at 196°/14 mm. 
and gave a reddish-purple coloration with ferric chloride (Found : 
C, 68*6; H, 7*1. C 15 H 18 0 4 requires C, 68*7; H, 6*9%). 

In the distillation of the foregoing diketone, a solid (Found : 
0, 73*75; H, 5*15%) of higher boiling point came over after the 
diketone. This product was obtained crystalline by adding 
petroleum to its benzene solution. 

The authors desire to express their thanks to the Birmingham 
University Research Committee for grants which have helped to 
defray the expense of this research. 

The University or Birmingham, 

, Edgbaston. [Received, February 14th, 1926.] 


CLXIV .—A Comparison of the Atomic Weights of 
Silicon from Different Sources. 

By Percy Ltjcock Robinson and Harold Cecil Smith. 

Results obtained in a recent redetermination of the atomic weight 
of boron (Briscoe and Robinson, J., 1925,127, 696} indicated that 
the value varies slightly with the source of supply. The values 
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10*818, 10*825, and 10*841 found for Asiatic, Tuscan, and Cali¬ 
fornian material respectively were tentatively explained as due to 
variation in the isotope ratio. This paper reviewed the evidence 
and stated the conclusion that, despite excellent work supporting 
the opposite contention, there was no inherent improbability in 
this suggestion. It is to be deplored that much of the earlier work 
on atomic weights has been on material of unspecified origin, as 
this makes the discrepancies valueless for statistical investigation. 
The necessity for further work on boron being obvious, the problem 
was attacked by comparing the densities of boric oxide from these 
and other sources. The results of this investigation supported the 
original conclusion (Briscoe, Robinson, and Stephenson, this vol., 
P* 70). 

Late in 1924, Jaeger and Dijkstra (Proc. K. Akad. Wetensch. 
Amsterdam , 1924, 27, 290; Z. anorg. Ghem ., 1925,143, 233) showed 
that the densities of tetraethylsilicane indicated no difference in 
the atomic weight of silicon exceeding 0*019 unit, which corre¬ 
sponds to a density difference of 0*00010 unit—a remarkable degree 
of accuracy for the pyknometer method employed. The incon¬ 
clusive character of these results (see Briscoe and Robinson, Nature , 
1926, 117, 377) led us to proceed with the redetermination of the 
atomic weight of silicon projected early in 1924 for the reasons 
given below. 

A brief comparison of the geological occurrence of boron and 
silicon is appropriate here. Boron is widely distributed and forms 
about 0*001% of the earth's crust (Clarke and Washington, Proc . 
Nat. Acad . Sci., 1922, 8, 108). It is found primarily in tourmaline 
and datolite, from which it is liberated and subsequently concen¬ 
trated, principally as calcium salts, by the drying up of lakes as in 
the Asiatic and American deposits, or artificially separated from 
the steam of fumaroles as at Volterra. Clearly, in each case the 
boron has been associated for a considerable period with the area 
in which it is found. Silicon, next to oxygen the most abundant 
element, occurs terrestrially to the extent of 25*80% (Clarke, “ Data 
of Geochemistry,” 1920, 30). The transportation of siliceous 
material is almost entirely by mechanical means and then only 
over short distances, which makes it probable that silicon has 
remained associated with the continental mass on which it is found 
for considerable geological periods. This would appear to be the 
case even if Wegener’s displacement theory should eventually be 
substantiated. Thus boron and silicon, for different reasons, have 
probably retained for great periods of time their general relationship 
to that area of the earth’s surface on which they are found. 

Silicon presents certain well-known general chemical similarities 
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to boron, and, occurring as it does in three isotopic forms, Si = 28, 
29, 30 (Aston, Phil. Mag., 1920, 40, 628: Si = 30; confirmed, 
Nature , 1924, 114, 273), appears to be a suitable element for the 
further investigation of the constancy of atomic weight. 

Determinations of the atomic weight of silicon previous to 1920, 
fully discussed by Clarke (Mem. Nat. Acad. Sci ., 1920, 16, 22), 
are tabulated below (Table I) together with more recent work, 
under the three heads : halide : silver ratio, halide: oxide ratio, 
and vapour density. 

Table I. 

Halide : Silver Ratios. 


Pelouze, Compt. rend., 1845, 20, 1047 . 28*370 

Dumas, Annalen , 1860, 113, 31 . 28*077 

Schiel, ibid., 1861, 120, 94 . 27*945 

Baxter, Weatheiill, and Holmes (preliminary paper), J. Amer. 

Chem. Soc., 1920, 42, 1194 . 28*111 

Baxter, ‘WeatheriU, and Scripture, Proc. Amer. Acad. Arts Sci., 

1923, 58, 245 ..... 28*063, 28-061 

Honigschmid and Steinheil, Z. anorg. Chem., 1924, 141, 101... 28*105 

Halide : Oxide Ratios. 

Thorp© and Young, J., 1877, 51, 576 ..... 28*381 

Becker and Meyer, Z. anorg. Chem., 1905, 43, 251 ... 28*231 

Meyer, ibid., 1905, 46, 45....... 28*231 

Vapour Density. 

Jaquerod and Tourpaian, J. Chim. phys., 1913, 11, 269 ...... 28*496 

Germann and Booth, ijbid 1917, 21, 81 ..... 28*306 


The only values in tills table which merit serious consideration 
from the point of view of high accuracy, as distinct from mere 
novelty of method, are the more recent halide : silver results.' The 
hope that the comparatively simple and direct halide : oxide ratio 
might produce results of high accuracy is evidently not realised, 
probably on account of the difficulty of dehydrating the oxide. 
Reinvestigation of the method with the facilities now available 
might more nearly fulfil anticipations. The vapour density deter¬ 
minations are open to criticism on the lines suggested by Clarke 
(he. cit.). The halide : silver ratios exhibit considerable variation, 
27*943—28*370, although the four more recent values are in agree¬ 
ment to 1 part in 360 parts. They lie—though probably by that 
chemist’s happy accident—on either side of Dumas’s figure. There 
is a considerable discrepancy between Baxter’s ( loc. cit.) 1920 pre¬ 
liminary and 1923 final figures, viz., 1 part in 550 parts. The 
International Committee (J. Amer. Chem. Soc., 1925, 47, 597) have 
given 28-06 as the rounded mean in spite of Honigschmid’s (loc. 

Clearly, further investigation is required if the atomic 
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weight of silicon is to be known to a greater accuracy than about 
1 part in 700 parts. 

Outline of the Present Investigation . 

With the element silicon the choice of a suitable compound for 
equivalent determination is limited to the halides, and of these 
the tetrachloride is certainly the most convenient. The silicates 
are indefinite in composition; the organic compounds, while occa¬ 
sionally of suitable stability and constancy of composition, are 
difficult to analyse with the required precision; and the oxide, 
into which a number of compounds may readily be converted, 
presents difficulties which have already been commented upon. 
Furthermore, the tetrachloride readily lends itself to a comparison 
of the atomic weights of material from different sources, provided 
a suitable method can be devised for the determination of its 
density with sufficient accuracy. 

Silicon tetrachloride was prepared by chlorinating ferrosilicon, 
manufactured from silica, in one case from an unknown source, 
and in four others from known localities in Canada, the United 
States of America, Sweden, and France. As no British ferrosilicon 
of known origin was available, silicon was prepared from a Scottish 
pegmatite, and this was chlorinated. The sample of unknown 
origin was used in a purely preliminary manner to establish methods 
employed in the preparation, handling, and purification of the 
compound. About equal amounts of the five samples of known 
origin were prepared and they were individually subjected to a 
rigorous, but strictly uniform, process of purification. When pure, 
the density of each was determined by the use of glass floats cali¬ 
brated as to density with extreme accuracy. The constancy of 
the molecular volume of the chlorides of the various isotopes being 
assumed, the apparent atomic weights were thus compared. 

The Preparation of Silicon Tetrachloride. 

Sources of Material.' —Of the methods available for preparing 
silicon tetrachloride, the most convenient for producing it in quantity 
without using elementary silicon is that involving the chlorination 
of ferrosilicon, originally described by Warren (Chem. News , 1892, 
66, 112). Inquiries were therefore instituted into the production 
of ferrosilicon in various countries. The materials used were 
selected from samples from Europe and America, the final choice 
depending on the geographical locality and the geological age of 
the silica used in the manufacture (Table II). A British sample 
was thought desirable, and the pegmatite mentioned below was 
used as a source of elementary silicon. 
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Table II. 

Europe. 

(a) 91-2% Ferrosilicon, smelted by the Gullspangs Elektrokemiska Aktiebolag, 

at Gullspang, Sweden, from quartzite obtained at Anenaset, W. of Lake 
Animmen, Sweden. 

(b) 75% Ferrosilicon, smelted by Keller and Leleux, at TJsine de Livet, Isere, 

from quartzite obtained at Bourg St. Maurice, Haute Savoie, France. 

(c) Pegmatite from a vein 4*5 miles W. of Strontian, Scotland. 

America . 

(a) 50% Ferrosilicon, smelted by the Southern Ferro Alloys Company, 
Chattanooga, Tenn., from silica obtained from the sandstone cap of 
Lookout Mountain, Alabama, U.S.A. 

(5) 90% Ferrosilicon, smelted by the Union Carbide and Carbon Products 
Company, Niagara Falls, from quartzite obtained at Killarney, Ontario, 
Canada. 

The authors wish to record their grateful thanks to these and other 
firms and individuals in various parts of the world who have made 
this investigation possible by so courteously placing material and 
information at their disposal. 

Preparation of Silicon Tetrachloride from Ferrosilicon .—Warren’s 
method (loc. cit.) was subsequently elaborated by Martin (J., 1914, 
105, 2836), but preliminary experiments showed that these com¬ 
plications were largely unnecessary in the present case. Chlorin¬ 
ation of the ferrosilicon was carried out in iron tubes 3 ft, by 1*5 in. 
which were dried by twice heating to redness in a combustion 
furnace and cooling with dry air passing through them. After a 
run they were thoroughly washed and redried, but the majority of 
the tubes were perforated after two, and none lasted beyond three, 
chlorinations. Ferrosilicon as a coarse powder retained on a 40-mesh 
sieve was found to be most suitable. This was obtained by crushing 
the material in a Weatherhead mill; it was then dried, at 110°, in 
charges of 200—300 g. immediately before being put into the 
tubes. The iron tube was heated by a silica-tube resistance furnace. 
Chlorine from a cylinder was led through two sulphuric acid wash- 
bottles, past a T-piece manometer dipping 8 inches into frequently 
renewed sulphuric acid, to the reaction tube. The products were 
led through an adapter into a clean dry receiving bottle, cooled in 
a freezing mixture and fitted with an exit tube leading to a ventilator 
shaft, A rapid stream of chlorine was passed through the heated 
tube, and after 25 minutes the production of silicon tetrachloride 
began, and when the rate of production diminished fresh ferro¬ 
silicon was exposed to the action of the gas by rotating the tubes 
slightly and tapping them. Occasional slight back-pressure, due 
to feme chloride, was relieved in this way, but after 2*5—3*5 hours 
the tubes choked up completely and thus ended the run. About 
700 c.e. of crude product were obtained from each source and 
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hermetically sealed by closing the bottle with a tied-in waxed 
cork. 

Preparation of Silicon Tetrachloride from Pegmatite .—The peg¬ 
matite was rich enough in silicon to be treated as an impure specimen 
of the oxide, and was reduced with aluminium in the presence of 
sulphur (Holleman, Proc . K. Ahad . Wetensch. Amsterdam, 1904, 1, 
189; Kuhne, D.R.-P. 147871). 200 G. of finely ground mineral 
were very thoroughly mixed with aluminium powder (200 g.) and 
flowers of sulphur (250 g.), charged into a No. 6 Battersea crucible, 
covered with a layer of sulphur, and fired by means of magnesium 
ribbon set in a primer of magnesium powder and barium peroxide. 
Immediately following the reaction, the hot crucible was plunged 
into water, the aluminium sulphide being thus decomposed, leaving 
nodules of crystalline silicon. These were washed, dried, crushed, 
and finely ground in a Weatherhead mill, and this powder was 
treated with concentrated hydrochloric acid, when there was a 
marked evolution of gas and a smell suggestive of a silicide. The 
wash-acid was heated to boiling, cooled, diluted with water and 
filtered through a Buchner funnel with the aid of a pump. The 
resulting moist mass was digested with 1 :2 hydrochloric acid for 
some time, again filtered, well washed in the funnel, and dried at 
110°. 300 G. of silicon as a fine, dark grey powder were obtained 

from nine reductions. 

About 30 g. of this material were placed in a clean dry Jena 
glass tube of 0-75 in. bore and chlorinated as described for ferro- 
silicon. The silicon glowed during the chlorination and a small 
quantity of white residue remained. About 700 c.c. of product 
were obtained and bottled as before. 

Bough Fractionation of Crude Silicon Tetrachloride. —This step 
was introduced to rid the crude product of most of its chlorine 
and all its solid impurities. The cork of the bottle containing the 
crude material was replaced by a waxed cork, provided with a 
short wide delivery tube, which was already connected by means 
of rubber to a specially constructed fractionating column, 2 ft. 
long, filled with glass beads. The bottle was carefully heated by 
a water-bath, and a small head fraction carrying most of the chlorine 
was allowed to go entirely to waste. A head fraction of about 
70 c.c. was now collected in a small bottle cooled in a freezing 
mixture and, as the last third of this fraction ran colourless, it 
was concluded that the bulk of the chlorine had been removed. 
A main fraction of about 600 c.c. was then collected in a dry litre 
bottle, containing 40 c.c. of pure mercury: it was stoppered as 
previously described. A slight flouring of the mercury in the case 
of each main fraction indicated that a trace of chlorine was still 

xx 
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present. The tail fractions subsequently yielded specimens of the 
hexaehloride (b. p. 141*5°), and a fraction of higher boiling point 
that could not be driven up the column, which was, presumably, 
the octachloride. The amounts of higher chlorides found were less 
than those obtained by Martin (loc. cit.) in his carefully regulated 
ehlorinations. 

Purification of Silicon Tetrachloride. 

The importance of a rigorous purification need hardly be stressed. 
The crude material possibly contained : 

Chlorine. b.p. —34° Disilicon hexaehloride. b.p. 145° 

Hydrochloric acid. —83 Trisilicon octachloride. 212 

Phosphorus trichloride . 76 Antimony trichloride . 226 

Arsenic trichloride. 130 

Silicon dioxide and its hydrates are probably only very slightly 
volatile in the vapour of silicon tetrachloride. 

Of these compounds, only phosphorus trichloride was likely to 
persist, but it has a boiling point 16*5° above that of silicon tetra¬ 
chloride. The methods available for purifying the liquid were 
fractional crystallisation and distillation, and contact with mercury 
and sodium. Fractional crystallisation was originally part of the 
scheme, but, unfortunately, became impossible by reason of the 
increased difficulties experienced in obtaining supplies of liquid air. 
The means available were thus fractional distillation and prolonged 
contact with liquid sodium amalgam. They were conducted in the 
following stages (see Fig. 1, where T, H, and M represent tail, head, 
and main fractions respectively): 

1. Rough fractionation through a single-column still. 

2. Standing for 6 months over mercury, with frequent shakings. 

3. Systematic fractional distillation in four stages, conducted in 
dry air at about atmospheric pressure in an all-glass four-column 
still. 

4. Standing with frequent shakings for upwards of 2 months 
over sodium amalgam. 

5. Fractional distillation into five fractions in a vacuum. 

6. Fractional distillation into five fractions in a vacuum. • 

Main Fractionation of Silicon Tetrachloride at Atmospheric Pres¬ 
sure .—This was conducted in a 4-column still (Fig. 2) of Durosil 
glass similar in principle to that used in the purification of boron 
trichloride by Briscoe and Robinson (loc. cit.). Each piece of the 
apparatus * was cleaned with* chromic-nitric acid, washed with 
water, rinsed with pure alcohol, and allowed to drain. The parts 

* Our thanks are due to Mr. G. Ellison of this department for making the 
individual pieces of glass-ware used in this investigation. 
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were then assembled and dried by passing dry air in at M and out 
through Tj for 3 days, the mercury in the valves sealing the 
apparatus from outside air. The capillary of the special joint was 
then sealed, and freshly-made sodium amalgam was filtered into M 
by means of a long-stemmed funnel. All exit tubes were bent to 
point downwards, so that any liquid condensing in the phosphorus 
pentoxide guard-tubes was unable to return to the apparatus. 

About 600 c.c. of the roughly-fractionated crude product, after 
standing over mercury with repeated shaking for 5—6 months, 
were distilled into B 1? which was cooled in ice-cold water, leaving 

Fig. 1. Fig. 2. 



carbon dioxide kept the base of C x cool, while extra mercury which 
had been poured into V 2 cut off connexion between and B 2 . 
T 1 was then sealed off. B x was gently warmed with a soft flame, 
as this method of heating gave steady boiling, and a head fraction 
of about 50 c.c. was distilled into H 1 which was cooled in solid 
carbon dioxide. This head fraction was sealed off, mercury was 
run from V x to establish connexion with B 2 , and a main fraction of 
about 500 c.c. was distilled forward into B 2 , which was cooled in 
iced water, the base of C 2 being jacketed with solid carbon dioxide. 
More mercury was poured into V t and the tip of T x was broken 
under rubber to connect with a phosphorus pentoxide tube, thus 
establishing equal pressures at both sides of the valve. A tail of 
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about 50 c.c. remained in B r Similar head and tail fractions 
were rejected in distillations from B 2 and B 3 , resulting in 300 c.c. 
of material in B 4 . The liquid in B 4 was then distilled forward past 
the thermometer into M (cooled in solid carbon dioxide) where it 
was sealed up. About 25 c.c. of liquid returned to B 4 on account 
of column capacity. 

To prepare the apparatus for the next distillation the tails and 
drainings from the columns were distilled from the various boilers by 
opening the side-tubes T l5 T 2 , T s , and T 4 , after which these side- 
tubes were sealed up and dry air was passed completely through 
the apparatus for 3 or 4 days with occasional warmings, thus 
removing the last traces of silicon tetrachloride: the new head- 
bulbs were then fused on, and the apparatus carefully dried for 
the next sample. 

The Boiling Point of Silicon Tetrachloride .—This is a useful 
criterion of purity, and it was measured with all the accuracy 
possible under the conditions of the experiment. The thermometer 
used (range 10—60°) was subsequently compared with the N. P. L. 
thermometer mentioned below, and was usually less than 0*02° in 
error. Temperatures, which remained fairly steady, were taken 
at short intervals, any fluctuations being traceable to variations in 
the rate of distillation which caused slight pressure changes in the 
system. There was absolutely no tendency towards a rise of 
temperature during the last stages of each distillation. Table III 
gives the mean boiling point and atmospheric pressure for each 
sample. 

Table III. 

Sweden . 57-10° 761*6 mm. France. 56-83° 753-9 mm. 

Scotland. 56*95 758*0 mm. Canada .. 56*91 756-0 mm, 

H.S.A... 57*12 763*3 mm. 

This indicates a boiling point between 57-02° and 57-05° at 760 mm., 
a figure in fair agreement with the 56*9° of Becker and Meyer (loc. 
cit) and the 56*8° of Stock, Somieski, and Wintgen (Ber. } 1917, 
50, 1754). 

[Special Note on the French Fraction .—A few days after distillation 
the vessel containing the main fraction of the French material 
from the 4-column still developed an extensive series of cracks 
round the upper portion near the special joint. Since there was 
no apparent entry of air into the container, it was painted over 
with thick collodion varnish, bound with pure rubber tape and 
finally painted with a viscous solution of pure rubber. After 
standing for some days, it was joined to a new, clean, dry special- 
joint container provided with fresh sodium amalgam, the strains 
between the two vessels being relieved by a number of right-angle 
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bends in the thin-walled connecting tube. The special joint was 
then broken, and, with the exception of about 10 c.c., the liquid 
was poured into the new vessel, the exit tube of which carried a 
phosphorus pentoxide guard-tube.] 

First Vacuum Distillation of Main Fractions .—The containers, 
holding the five main fractions from the 4-column still, were severally 
sealed to trains (Fig. 3) consisting of a small head-bulb A and 


Fig. 3. Fig. 5. 



Fig. 4. 


containers, B for the head fraction proper, C provided with a 
special joint for the main fraction, and D for the tail fraction. The 
train was evacuatedj[five times while at about 120°, being each time 
slowly filled|with dry air, and finally allowed to cool under atmo¬ 
spheric pressure. The silicon tetrachloride was cooled with liquid 
air to near its freezing point, and the capillary of the special joint 
was broken with the train at atmospheric pressure though still 
protected from moisture by the (hying train. It was evacuated 
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and sealed off at E when the manometer registered less than 2 mm. 
pressure. (In the course of these distillations it was observed that 
solid silicon tetrachloride at very low pressures retained permanent 
gas which was disengaged when the solid melted.) A small head 
fraction of about 10 c.c. was collected in A which was sealed off, 
and a head fraction of 50 c.c. was distilled into B. A main fraction 
of about 150 c.c. was collected in 0 and a tail of about 50 c.c. in D, 
the amalgam in the original container being left quite dry. 

The “ hammer of silicon tetrachloride in a vacuum at temper¬ 
atures near its freezing point was considerable enough to render 
cautious handling absolutely necessary. 

Second Vacuum Distillation of Main Fractions .—This was carried 
out after fusing to the train the main fraction containers obtained 
above (Fig. 4). The material was now so pure that head and tail 
fractions were worth preserving, and thus B and D, in addition 
to C, had special joints. C was specially constructed with a long 
neck so that it could be introduced into a water-bath, and before 
fusing on, into it were placed the two floats to be used subsequently 
in determining the density of the liquid. Very special precautions 
were taken in the washing and drying of the whole apparatus 
before the final evacuation : before the various parts were actually 
fitted together, each piece was treated with chromic-nitric acid for 
about 12 hours, well washed with tap water, then with ordinary 
distilled water, and finally with pure alcohol and ether and left to 
dry. On the day before assembling, each piece was treated -with 
four large washings of special distilled water, followed by two with 
pure dry alcohol and two with pure ether. In assembling, the 
vessels which had to be sealed off during the course of the frac¬ 
tionation were held by clamps lined with asbestos paper—a pro¬ 
vision which entirely prevented the sticking of cork and glass by 
repeated heating. 

Each complete train was tested on the pump, and any minute 
leaks, which occasionally occur in such a* high-melting glass as 
Durosil, were fused up. When finished, the apparatus was heated 
to about 120°, twice evacuated and slowly filled with dry air, and 
allowed to stand overnight protected by a new phosphorus pentoxide 
guard-tube. It was then evacuated six times with heating and 
slow refilling with dry air, the final evacuation, lasting 30 minutes, 
being made with the whole of the glass as near 200° as possible, 
and the manometer recording zero pressure when the apparatus 
was sealed off from the pump. 

In distilling, the procedure was first to cool the whole of A with 
liquid air, at the same time heating C to 120°, and thus to remove 
any moisture from the surface of C and deposit it in A. With 
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these conditions still obtaining, the special joint was broken, and 
instantly a snow of solid silicon tetrachloride covered the surface 
of A, thus fixing any moisture and retaining it in that part of the 
apparatus. Further cooling was at once applied, and in about 
5 minutes a small head fraction (6—9 c.e.), most of the residual 
air, and probably all the products of hydrolysis, if any, were 
removed from the system by sealing off A. This was followed by 
a head of about 30 c.c. in B, a main of about 60 c.c. in C, and a 
tail fraction of about 30 c.c. in D, leaving the original vessel dry 
and with the merest trace of white residue, which was greatest in 
the French and least in the Scottish sample. During the dis¬ 
tillations into A and B the container C was kept warm, and the 
greater part of most of the distillations took place at below 0° as 
shown by a coating of ice on the outside of the vessels. 

Before introducing them into C, the floats were gently polished 
with clean, well-washed linen, and a careful record was made of 
the destination of each float. 

The Preparation and Standardisation of the Floats . 

Since no method of density determination which involved expo¬ 
sure to air could be used with silicon tetrachloride, recourse was 
had to the use of glass floats. This method appeared likely to 
give results of much greater comparative accuracy than the older 
means, and actually proved to do so. It involved the preparation 
of two sets of floats with densities slightly above and slightly 
below the density of the liquid at the proposed temperature of the 
measurement; the determination of the relative density of these 
to the highest degree of accuracy attainable; and finally the 
observation of the flotation-temperature of pairs of these floats in 
the various specimens of liquid under examination. Thus, at these 
two temperatures the density of the liquid was known, and could 
be calculated very accurately at an intermediate temperature pro¬ 
vided the interval was small. The use of two floats gave the 
necessary information as to the coefficient of thermal expansion of 
the liquid. 

Construction of Floats .—Floats were made from thin-walled 
Durosil glass tubing of about 3 mm. external diameter and were 
of the form shown in Fig. 5. The barrel was about 12—15 mm. 
long, and the solid tail, which was about the same length, was in 
the form of a long taper. The finished floats had a smooth surface 
without any indentations which might serve as a place of lodgment 
for small bubbles. Large numbers were made and those for final 
adjustment were chosen by elimination. The final adjustment of 
the two sets was made using bromobenzene at constant temperatures 
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of 22*5° and 29*5°, respectively, and small amounts of glass were 
added to, or removed from the tails of the floats until their densities 
very closely approximated to that of the liquid at one of these 
temperatures. The magnitude of this apparently simple task will 
be recognised when it is remembered that 1-0° difference in flotation 
temperature is equivalent to about 0-001 density unit. 

These bromobenzene temperatures had been chosen after com¬ 
paring the flotation-temperatures of three floats in fairly pure 
silicon tetrachloride and then in the bromobenzene. 

Determination of the Density of the Floats .—The density of the 
floats was determined by ascertaining very precisely the flotation- 
temperature of each float in a liquid, the density of which was 
afterwards determined at that particular temperature. It was 
realised that for the present purpose high accuracy in relative 
density was more important than the absolute value. 

The ideal flotation-liquid would be a pure substance stable in 
air, non-hygroscopic, of comparatively high boiling point and having 
a density and a coefficient of thermal expansion about those of 
silicon tetrachloride. Bromobenzene approaches this ideal very 
closely; its density is 1*494 at 20° (Young, Journ. de Phys 1909; 
Perkin, J., 1896, 69, 1202); its coefficient of expansion is very 
near that of silicon tetrachloride, 1° change in temperature altering 
the densities to the extent of 0-0010 and 0*0011 unit, respectively, 
and its boiling point is 156° (Young, loo. ciL). The material first 
used was as supplied by The British Drug Houses, Ltd., since 
absolute purity seemed to be immaterial, but after it had been in 
use for some days a redetermination of the flotation-temperatures 
of three floats indicated that the liquid was changing in density 
(see Table IV). The liquid was therefore redistilled with the 

Table IV. 

1st Flotation-temp.* 2nd Flotation-temp.* Difference. 

20*735° (Oct. 30th) 20*765° (Nov. 4th) 0*030° 

20*635 „ 20*650 „ 0*015 

20*730 (Nov. 2nd) 20*758 „ 0*028 

* Not corrected for exposed stem. 

rejection of considerable head and tail fractions. The main fraction 
gave a very constant boiling point (155*4°/754*1 mm.), and if the 
distillate was not now chemically pure, it was at least composed 
of substances not readily separated by the conditions obtaining 
during the flotation tests. The distilled liquid was exposed to the 
iffafor 7 days, being adequately protected from dust, in 
bpler to acquire a normal moisture content. A redetermination 


Float. 

C 

D 

H 
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of the flotation-temperatures of Floats C, D, and H indicated that 
the density of the liquid had changed considerably (Table V). 

Table V. 

Float. 2nd Flotation-temp.* 3rd Flotation-temp.* Difference. 

C 20-765° 25-856° 5*091° 

D 20-650 25-736 5-086 

H 20-758 25-838 5-080 

* Not corrected for exposed stem. 

On November 12th and 13th a complete set of flotation-temper¬ 
atures was obtained, this being followed by the determination of 
the density of the liquid, and between November 17th and 20th 
another complete set was added. The second set showed a fall, 
varying between 0*007° and 0*020°, increasing with the passage of 
time throughout the 3 days, indicating a fall in density of the 
liquid which was attributed to the further absorption of moisture 
from the atmosphere. 

The flotation-vessel was of Durosil glass in the form shown in 
Fig. 5, the body being about 3*5 cm. by 16 cm., and was about 
three-quarters filled with liquid. A was a narrow tube normally 
closed by a rubber cap, while B was a wider opening through which 
the floats were introduced and removed, and which was closed by 
a small cork with a groove for the passage of the float-lifter, 0. 
This was made of No. 19 S.W.G. nichrome wire carefully cleaned 
and polished, and appeared to suffer no attack by the liquid. The 
spiral at the end served to hold the floats' in a vertical position 
during their passage through B. The floats were handled carefully 
by means of nickel-plated forceps and were polished by clean, 
well-washed linen on entering and leaving the liquid. The wire 
was not lifted farther out of the liquid than was absolutely necessary 
and was allowed to fall back into its place after use; and, except 
when changing floats, B was corked and protected from dust by 
an inverted test-tube D. Thus every endeavour was made to 
ensure the permanence of the liquid during the period of the 
flotation-tests. 

The temperature of the flotation-liquid was regulated by sub¬ 
merging the vessel in a tank of square cross-section holding about. 
27 litres of water and having large plate-glass windows at the 
front and back. The bath was provided with a large, mechanically- 
driven, propeller-shaped stirrer, an electric heater consisting of a, 
nichrome element inside a vitreosil tube, and a cooling coil con¬ 
sisting of several turns of f-inch “ corapo ” gas-piping connected 
to the ordinary water supply which, at the particular season of the 
year in question, was cold enough. 

x x* 
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The thermometers used were : (a) Thermometer 1—a special 
open-scale thermometer reading from + 9*5° to + 25°, graduated in 
0-02° and easily read to 0*005°; (6) Beckmann I; (c) Beckmann II. 
In use, the bulb of each thermometer was about 8 inches below the 
surface of the water and the portion remaining was surrounded by 
a jacket containing water in which was a second ordinary ther¬ 
mometer giving the stem temperature. The observed temperature 
was corrected by means of the usual formula s = cm(T — t) with a = 
0*000143 (Thorpe, J., 1880, 37, 160). Thermometers (a) and ( b) 
were set in definite relationship, the permanence of the setting 
being tested from time to time, and, finally, each of the three 
thermometers was carefully compared with a 0°—50° open-scale 
thermometer, graduated in 0*02°, and recently calibrated at the 
National Physical Laboratory to 0*01° at each degree. All tem¬ 
peratures were thus accurately converted from the various arbitrary 
scales into degrees Centigrade. 

Two methods suggested themselves for the purpose of obtaining 
flotation-temperatures : (a) by maintaining such a temperature 

that the float remained balanced in the liquid for a considerable 
period, say 20—30 minutes; (6) by making such slight variations 
in temperature as would cause the floats to rise or fall, and to 
take the mean of the last closely-agreeing pair of readings as the 
flotation-temperature. As some of the temperatures were 15° above 
that of the air in the room, the static method presented considerable 
difficulties in maintaining a constant temperature and, furthermore, 
failed to disclose any lag between flotation-liquid and bath tem¬ 
peratures. The second method was, therefore, adopted and was 
later modified by taking the mean of a number of rise and fall 
temperatures, and, by a series of time-temperature readings, 
ascertaining the rate at which the temperature of the bath varied. 
No useful purpose would be served in giving in detail all the read¬ 
ings from which the flotation-temperatures were ultimately derived, 
but a general idea of the accuracy may be obtained from the fact 
that out of 40 flotation-temperatures, 6 were derived from values 
0*005° apart, 24 from values 0*010° apart, and 9 from values 0*015° 
apart. 

The density of the flotation-liquid (bromobenzene) was deter¬ 
mined at 25*655°, 25*666°, 33*213°, and 33*210°, the same pykno- 
meters and method of filling being used as already described in a 
recent publication (Briscoe, Robinson, and Stephenson, loc. cit.), 
and only the special precautions taken to secure accuracy need be 
mentioned here. The pyknometer was weighed against a tare 
with calibrated weights on a No. 7 S.W. Oertling balance with a 
sensitivity of 21 divisions per mg. The vacuum weight of the 
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pyknometer was calculated from three separate weighings before, 
during, and at the conclusion of the determination, and its absolute 
volume was obtained by duplicate water-fillings at the two tem¬ 
peratures and the use of the value for the specific volume of water 
(Kaye and Laby, s< Physical and Chemical Constants,” 1911, p. 22). 
The liquids were delivered into the pyknometer at as near the 
correct temperature as possible; then the vessel was held in the 
bath at about 0*10° below the required temperature for upwards 
of 30 minutes, after which heat was gently applied and the tem¬ 
perature maintained for about 5 minutes at 0*01° below and then 
finally raised to the required temperature. In order to eliminate 
both speculation and observational error the temperature at the 
latest stage was taken at half-minute intervals and when it had 
remained fixed for about 4 minutes the setting was made. These 
temperatures were probably less than ±0*001° in error and their 
accuracy was far beyond that justified by the precision of the 
pyknometer setting. The densities (g. per c.c.) of the flotation 
liquid are in Table VI, where some corresponding values by Perkin 
(J., 1896, 69, 1202) are given for comparison. 


Table VI. 

d. d (Perkin). 

1-48766 25°/25° 1*4886 

1-47741 30 /30 1-4841 

35 /35 1-4798 

The flotation-temperatures (corrected for exposed stem) deter¬ 
mined before and after the density work are in columns 2 and 3 
respectively of Table VII, while in column 4 are the absolute 
flotation-temperatures derived from column 2 by the application 
of the calibration correction. The densities of the floats (in g. per 
c.c.) calculated by assuming a straight-line relationship between 
density and temperature over the 7*6° range are in column 5. 


u 

25-665° 

33-210 


Table VII. 



2nd 

3rd 

Absolute 


Float. 

Flotation-temp. 

Flotation-temp. 

Flotation-temp. 

d. 

P 

25-751° 

25-736° 

25-746° 

1*487550 

A 

25*855 

25-848 

25-850 

1*487407 

E 

25*849 

25-841 

25-844 

1*487416 

H 

25-851 

25-838 

25-846 

1*487413 

C 

25-866 

25-858 

25-861 

1*487393 

Q 

32*933 

32-915 

32*950 

1*477734 

M 

32*943 

32-933 

32*960 

1*477721 

E 

33-013 

33-003 

33*028 

1*477628 

K 

33-063 

33-043 

33*082 

1*477554 

I 

33*073 

33*048 

33*092 

1*477541 


xx* 2 
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The Density of the Five Samples of Pure Silicon Tetrachloride at 20°. 

The flotation-temperatures of the two floats in the various samples 
gave data for the calculation of the densities of the liquids at 
20*000° and their coefficients of expansion over the range 17*1° to 
21*7°. In this case again a straight-line relationship was assumed 
over the 4*6° range. 

The peculiar behaviour of the floats in silicon tetrachloride calls 
for comment, if for no other reason, because of the trouble it gave. 
The main fractions were removed from the fractionating train 
almost entirely in the solid condition; on the solid melting, the 
released floats came to the surface, and when the liquid attained 
room temperature (18—20°) one in each case went slowly to the 
bottom : in brief, the floats moved quite normally in the liquid, 
but with a greater velocity than in the bromobenzene for an equal 
temperature change on account of difference in viscosity. It was 
found, however, that movement of the liquid in the vessel, by 
shaking or even by the tremor set up by a small motor running 
on the same bench, caused each float to assume a positive electrical 
charge. These charges have not yet been completely investigated, 
but they were sufficient at the time to cause the floats to stick so 
firmly to the side of the vessel that only the most violent shaking 
could dislodge them, and then only for the moment, for, once 
released, they immediately stuck fast elsewhere. The charges 
gradually decreased in magnitude with the passage of time, but 
they were easily acquired again and evidence up to the present 
appears to indicate that they are not lost completely after a period 
of several weeks, though they may be so small as not to affect the 
movement of the floats. 

The Flotation-Temperatures in Silicon Tetrachloride .—To avoid 
any tremor in the liquid the water-bath was fitted up in a room 
reserved for the purpose : the permanent, wall-side bench carried 
the bath, with stirrer, etc., while in front of this bench, but not 
touching it, was a small, absolutely steady, heavy table on which 
was the retort-stand carrying the container, the body of which 
was submerged 1*5 to 2 inches below the surface of the water. It 
was found that when the floats had very little charge they left the 
side or bottom with extreme readiness when the density was 
reached, and that once in the centre they could be made to go up 
and down several times without touching the side, surface, or 
bottom. When the charge was slightly greater, the floats could 
be dislodged by giving the retort-stand a smart tap, and when 
once moving even these floats could be made to go up and down 
several times before attaching themselves to the sides again. When 
]!|pke behaviour of the floats was worse than this, the container was 
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removed from the bath and allowed to stand for several days 
without disturbance. In all, 105 rising and falling temperatures 
were taken on the ten floats, and concordant repetitions had to be 
obtained before the values were accepted, but this checking, whilst 
it ensured absolute satisfaction, was in reality hardly necessary, 
for, invariably, once a float was moving freely it gave concordant 
results, whereas the presence of a charge too great to allow of 
proper freedom was immediately evident. It is probable that 
these flotation-temperatures in spite of the above difficulty were, 
by reason of increased experience and the reduced viscosity of the 
liquid, more accurate than the earlier ones taken in bromobenzene. 
Table VIII gives these flotation-temperatures in respect of each 
float, the corresponding density of the liquid at that temperature, 
and the calculated density at 20*000°. 

Table VIII. 


Source. 

Float. 

Flotation-temp, d at flotation-temp. 

d at 20°. 

Canada . 

/ E 
. \K 

17-044° 

21-757 

1-487416/ 

1-477554/ 

1*481231 

TJ.S.A. 

. fS 

16-969 

21-683 

1-487550/ 

1-477721/ 

1-481230 

Sweden. 

. {? 

17-046 

21-763 

1-487393/ 

1-477541/ 

1-481223 

Scotland . 

/ H 

17-046 

21-748 

1-487413/ 

1-477628/ 

1-481266 

France .. 

.ft 

17-062 

21-695 

1*487407/ 

1-477734/ 

1-481273 


Discussion of Results . 

The Densities .—The densities of silicon tetrachloride above have 
an extreme variation of 0*000050, and have a mean value of 
1*481245. A careful review of the method leads to the belief that 
these densities have a relative accuracy greater than ± 0*000005, 
but their absolute value is more difficult to assess because it is 
based on the densities of bromobenzene, and these may possibly 
deviate as much as ±0*0002 from the truth but probably not 
more than this. Unless the errors in the densities of bromobenzene 
at the upper and lower temperatures respectively are both in the 
same direction, their effect will be reduced in the process of com¬ 
putation and the absolute density of the floats is likely to be less 
than ± 0*0002 in error, whilst in the same way the calculation 
used to arrive at the density of the silicon tetrachloride probably 
further dim i n ishes the error here. Thus the density of silicon 
tetrachloride under the pressure of its own vapour (i.e., 21 mm., 
Becker and Meyer, loc. ciL ; Regnault, Mem. Acad., 1826, 26, 476) 
at 20*000° ± 0*0005° is 1*481245 ± 0*00005. This figure bears little 
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relationship to the previous results given below, and the reasonable 
presumption is that the material used by these workers was of 
doubtful purity. 


Roster, Jahresber 1826, 6, 120 . 1*54 

Pierre, Ann. Chim. Phys., 1847, 20, 27 . 1*52371 at 0° 

Mendeleeff, Compt. rend., 1S60, 61? 96 . 1*4928 at 15° 

Friedel and Crafts, Ann. Chim. Phys., 1866, 9, 5 . 1*522 

Haagen, Pogg. Ann., 1867, 131, 122 . 1*4878 at 20° 

Thorpe, Ber., 1876, 9, 509 . 1*52408 at 4° 

Abati, Gazzem, 1897, 27, 437. 1*47556 at 22° 

Stiefelhagen, Dispersion Fliissiger Trichloride und Tetrachloride 

fur idtraviolette Strahlen, Berlin, 1905 . 1*524 at 16° 

Ruff and Albert, Ber., 1905, 38, 53, 2222 . 1*4933 at 15° 


The Coefficients of Thermal Expansion .—The figures given in 
Table VIII may obviously be used to calculate the coefficient of 
thermal expansion of the liquid. There seems to be no a priori 
reason for supposing that a slight difference in the isotope ratio 
should have any effect on this physical constant; furthermore, this 
constant is in a measure independent of the density determination, 
depending as it does upon the temperature interval only and not 
upon the actual readings giving the interval, and it should therefore 
afford an excellent check upon the soundness of the method. These 
coefficients of thermal expansion are given in Table IX, in which, 
for ease of comparison, the densities also are recorded. The former 
have an extreme variation of 0*0000080, and a mean value of 


Table IX. 


Biff. from Coeff. of Biff, from 
Source. Density. mean. expansion. mean. 

Canada . 1*481231 -0*000014 0*0014163 +0*0000039 

U.S.A. 1*481230 -0*000015 0*0014109 -0*0000015 

Sweden . 1*481223 -0*000022 0*0014136 +0*0000012 

Scotland. 1*481266 +0*000021 0*0014083 -0*0000041 

Franee. 1*481273 +0*000028 0*0014129 +0*0000005 

Mean . 1*481245 +0*000020 0*0014124 +0*0000022 


0*0014124, which has an error probably less than ± 0*0000022. 
This figure is decidedly lower than the previous determinations, 
0*001430, due to Pierre (Ann. Chim. Phys,, 1851, 33, 241), and 
0*001446, due to Thorpe (Proc. Boy. Soc., 1876, 24, 283). Without 
criticising the methods of the earlier workers, it will suffice to 
examine briefly the basis of the present determinations, viz., the 
density and temperature intervals. The density interval depends 
on the densities of bromobenzene at the two temperatures: the 
greater the density difference the greater the coefficient of expansion 
indicated. Reference to p. 1277 will show that the difference in 
density for the given interval of temperature, 7*545°, is 0*01025 
i; unit, whilst Perkin (loc. cit.) found for 10° a difference of only 
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0*0088 unit. Thus if Perkin’s densities had been used the resulting 
coefficients would have been still lower. Enough has been said 
about flotation-temperatures to make it clear that considerable 
confidence may be placed in results based on them. The con¬ 
cordance shown by the results lends additional weight to the sug¬ 
gestion that they should be accepted with complete rejection of 
the previous data. 

As criteria of the accuracy of the densities it is important to 
note that considerable departure from the mean seems to alternate 
between density and expansion in each case except in the sample 
from Scotland. The sample from Sweden shows the best figures. 
The table indicates that the causes producing the deviations are 
acting fortuitously, and that the errors are evenly and accidentally 
distributed. Thus a consideration of either column increases con¬ 
fidence in the other. 

The Relative Atomic Weights .—Taking 1*481245, the mean density 
of the various samples, as equivalent to Si = 28*060, the atomic 
weights corresponding to the various densities found are set out in 
Table X. 

Table X. 

Origin. Density. At. wt. Origin. Density. At. wt. 

Canada. 1*481231 28*059 Scotland . 1*481266 28*062 

U.S.A. .. 1*481230 28*059 France . 1*481273 28*063 

Sweden. 1*481223 28*058 Mean . 1*481245 28*060 

Assuming the relative accuracy of the densities given above, these 
are capable of indicating changes in the atomic weight of the 
order of 0*001 unit, and it may reasonably be asked whether they 
are actually doing so here. The high value found for the French 
sample may perhaps be explained by the cracking of the container 
(see p. 1270)—a view which gains support from the observation 
subsequently made (seep. 1273) that this sample yielded the greatest 
trace of residue in the second vacuum distillation. Nothing is 
known against the sample from Scotland, but the considerable 
deviation of the coefficient of thermal expansion from the mean 
is probably not without significance. The evidence indicates that 
no greater variation than 0*005 unit in the atomic weight is to be 
expected in the samples of silicon under consideration. 

The Use of Floats Generally .—It has been shown that carefully 
calibrated floats are capable of giving densities of liquids to a 
very high degree of accuracy, but it is also clear that the method 
could be greatly refined now that a knowledge of the technique 
has been obtained. To just what limit the method could be extended 
is not yet known. It has the advantage, however, of being applic¬ 
able to any liquid which does not attack glass or silica, and may 
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be used to determine the coefficients of expansion and compressi¬ 
bility, and to follow the changes in liquids undergoing treatment 
in closed vessels. 

The authors wish to express their deep indebtedness to Professor 
Briscoe for the facilities he has afforded and the interest he has 
constantly taken in this investigation; and they desire to acknow¬ 
ledge a grant from the Department of Scientific and Industrial 
Besearch which has enabled one of them (H, C. S.) to take part in 
this work. They have also to thank Capt. F. P. Mills, of the 
Northumberland and Durham Bescue Brigade, for kindly supplying 
the neeessary liquid air. 

University op Durham, Armstrong College, 

Newcastle-upon-Tyne. [ Received , April 1 st , 1926.] 

CLXV .—The Reactivity of meso -Substituted Anthra¬ 
cenes . Part I . 

By James Wilfred Cook. 

It has already been shown (Barnett, Cook, and Grainger, J., 1922, 
121, 2060; Barnett, Cook, and Matthews, J., 1923, 123, 1997; 
Barnett and Cook, J., 1923, 123, 2631; 1924,125, 1084; Barnett, 
J., 1925, 127, 2040) that in many cases mcso-substituents in the 
anthracene ring system render compounds formed by addition to 
the tc bridge ” unstable or incapable of existence. The investigation 
of 9-benzoylanthracene (anthraphenone) has now shown that the 
presence of the benzoyl group hinders the formation of additive 
compounds. Thus with bromine no additive compound could be 
obtained, the sole product being 10-bromoanthraphenone. With 
chlorine, a similar result was obtained, although in one instance an 
additive compound (I) was isolated which, slowly at the ordinary 
temperature and rapidly on heating, lost both hydrogen chloride 
and benzoyl chloride and passed into a mixture of ZO-chloroanthra- 
phenone (II) and 9-chloroanthracene (III) : 

CCOPh Cl*C*COPh CC1 

c 6 h 4 <T>c 6 h 4 C 6 H 4 <>C 6 H 4 C 6 H 4 <|>C 6 H 4 

CCi H'C’Cl CH 

(II.) (I.) (III.) 

This behaviour suggests that the additive compound had the 
ira*fc*-configuration, but unfortunately all attempts to repeat the 
; preparation failed, the sole product being 10-chloroanthraphenone. 

of nitric acid on anthraphenone leads to 10-nitro- 
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anthraphenone (IV) (compare Lippmann and Keppich, Ber., 1900, 
33, 3086), no additive compound being isolated, but ■with nitrogen 
dioxide addition takes place easily and leads to a moderately stable 
dinitro-compound (V) which readily loses nitrous acid under the 
influence of cold pyridine and passes into 10-nitroanthraphenone: 


NCVC-COPh 

C 6 H,<>C 6 H 4 

NOo-OH 


OCOPb. 

C«H 4 <|>C 6 H 4 

ONO, 

(IV.) 




The “ negative 55 or unsaturated benzoyl group thus resembles 
other negative groups in its ability to render meso-additive com¬ 
pounds unstable, and this behaviour is in general harmony with the 
idea of valency developed by Werner. Thus an unsaturated group 
at position 9 will appropriate some of the free affinity of that carbon 
atom; the carbon atom at 10 will accordingly have relatively more 
free affinity, encouraging substitution by addition at 10 rather 
than by addition to the “ bridge.” In derivatives of 9 : 10-di- 
hydroanthracene (VI) the union of each meso-earbon atom with 
two unsaturated benzene nuclei results in a comparatively small 
amount of affinity being available for holding the other groups. 
These groups are thus endowed with considerable free affinity and 
are consequently very reactive. Thus, direct bromination of 
dihydroanthracene takes place with great ease, and in anthracene 
dibromide (R = H; X = Y = Br) the bromine atoms are very 
much more reactive than in a simple aliphatic bromo-compound. 
The tenacity with which X is held should be decreased by increasing 
the unsaturated nature of R, since unsaturation in R will lead to this 
group appropriating more affinity and hence leaving less available 
for holding X. A phenyl group is more unsaturated in nature than 
a benzoyl group (Werner, Ber., 1906, 39, 1278), so that phenyl- 
anthracene should give less stable additive compounds than benzoyl- 
anthracene. This is in accordance with fact, since, as already 
stated, benzoylanthracene gives an additive compound with nitrogen 
dioxide, whereas phenylanthracene does not (Barnett, loc. cit)- 
On the basis of the above argument the more saturated benzyl- 
anthracene should show greater capacity for undergoing additive 
reactions and should yield more stable additive compounds. That 
this is the case will be shown in a future communication. 

The nature of the group R is not, of course, the only factor which 
influences the stability of these additive compo und s. The in¬ 
fluence of their geometrical configuration has been shown in the case 
of the two stereoisomeric 1: 5-dichloro-9 :10-dihydroanthraquinols 
(Barnett, Cook, and Matthews, J Rec. trav. chim ., 1925, 44, 729) and 
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the ease with which re-establishment of the “ bridge ” takes place 
must also be affected by the affinity which the groups at 9 have for 
the groups at position 10. 

The acyl group in the meso-ketones of the anthracene series is 
less firmly held than is usually the case with aromatic ketones. 
Thus anthraphenone and its ehloro- and bromo-derivatives are 
completely hydrolysed by brief boiling with sulphuric acid in acetic 
acid (compare Krollpfeiffer, Ber., 1923, 56, 2360) and anthroyl- 
benzoic acid exhibits similar instability (Heller, ibid., 1921, 54, 
3627). It has already been shown (Barnett, Cook, and Matthews, 
loc. cit.) that the facile hydrolysis of anthranyl ethers is due to 
primary addition to the £f bridge,” and the hydrolysis of the ketones 
may be due to a similar cause, but rigorous proof is lacking. The 
fact that hydrogen bromide is liberated during the hydrolysis of 
bromoanthraphenone cannot be cited as an argument, as 9-bromo- 
anthracene behaves in the same way under similar experimental 
conditions. This view of the mechanism receives support from the 
observation that 10-nitroanthraphenone, 10-benzoylanthraphenone 
and 9 :10-dihydroanthraphenone are not hydrolysed by boiling 
with sulphuric acid in acetic acid. In the first two cases the attach¬ 
ment of an unsaturated group at position 10 may be regarded as 
diminishing the free affinity of this carbon atom and thus inhibiting 
9 : 10-addition. In the last case addition of this nature is not 
possible. 

Neither anthraphenone nor any of its derivatives shows any signs 
of visible fluorescence, so that the carbonyl group is presumably a 
powerful bathoflore. 

Experimental. 

Anthraphenone .—The condensation of anthracene with benzoyl 
chloride in presence of aluminium chloride or zinc dust (Perrier, 
Ber 1900, 33, 816; Lippmann and his co-workers, ibid., 1899, 32, 
2249; 1900, 33, 3086; 1901, 34, 2766; Krollpfeiffer, loc. cit.) is 
troublesome to carry out and tarry by-products are formed. Benzoic 
anhydride was therefore substituted for benzoyl chloride (compare 
Noller and Adams, J. Amer. Chem. Soc 1924, 46, 1889). 

To a suspension of finely ground anthracene (90 g.) in carbon 
disulphide (750 c.c.) was added powdered anhydrous aluminium 
chloride (150 g.), followed by benzoic anhydride (175 g.*). Re¬ 
action took place with liberation of hydrogen chloride and was 
brought to completion by 4 hours’ heating on the water-bath. 

* If only one molecule of benzoic anhydride is employed there is formed 
. the eutectic mixture of anthraphenone and anthracene, m. p. 158°, described 
. by Lippmann and Keppich (loc. cit.) and the anthracene cannot be removed 
|by any simple treatment. 
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The dark aluminium compound was decomposed with water and 
hydrochloric acid, the carbon disulphide removed by steam dis¬ 
tillation, and the benzoic acid extracted from the residue by treat¬ 
ment with sodium hydroxide solution. After drying, the brown 
reaction product was treated with boiling glacial acetic acid (750 
c.c.). The filtered solution, on cooling, deposited crystals which, 
recrystallised from benzene and then from acetic acid, yielded 85 g. 
of pure anthraphenone, m. p. 148°. This developed a fugitive, pure 
blue coloration in sulphuric acid. 

The residue insoluble in acetic acid was recrystallised twice from 
nitrobenzene (yield, 15 g.), then from pyridine and alcohol, and 
finally from xylene. It formed a cream-coloured, crystalline powder, 
m. p. 320°, and gave a purplish-red solution in sulphuric acid (Found: 
C, 87*0; H, 4*8; M , in naphthalene, 401. Calc, for 9 :10-dibenzoyl- 
anthracene : C, 87*0; H, 4*7% ; M , 386). Lippmann and Fleissner 
(Ber., 1899, 32, 2249) obtained this substance as a by-product in 
the preparation of anthraphenone, but in a later paper (Lippmann 
and Keppich, ibid., 1900, 33, 3086) the by-product was described 
as tribenzoylanthracene. This compound gave anthraquinone on 
oxidation and this and other properties of the substance indicate that 
it was really impure dibenzoylanthracene. 

9: 10-Dibenz oylanthracene is obtained in 20% yield when 
anthraphenone is treated with an excess of benzoic anhydride in 
presence of anhydrous aluminium chloride. The positions assigned 
to the benzoyl groups follow from a study of the reduction products 
(future communication). 

YQ-Bromoanthraphenone. —A suspension of anthraphenone (2*5 g.) 
in carbon disulphide (15 c.c.) was cooled in a freezing mixture, and 
bromine (0*5 c.c.; 1 mol.), dissolved in carbon disulphide (5 c.c.), 
was added slowly. Hydrogen bromide was liberated and since the 
addition of pyridine yielded only pyridine hydrobromide and no 
quaternary salt it is unlikely that addition of bromine had occurred. 
The bromo-derivative was obtained by evaporating the solution 
and crystallising the residue from acetic acid, benzene, and finally 
ethyl acetate (Found : Br, 22*0. C 21 H 13 OBr requires Br, 22*2%), 

IQ-Bromoanthraphenone forms pale yellow nodules, m. p. 175— 
176°. It gives a deep blue solution in sulphuric acid, the colour 
being less fugitive than in the case of anthraphenone itself. The 
same compound is obtained when the bromination is carried out 
in boiling glacial acetic acid solution. If two molecules of bromine 
are employed and the boiling is continued for an hour, the bromo- 
anthraphenone is contaminated with 9: 10-dibromoanthraeene, 
this compound being formed by partial hydrolysis of the bromo- 
anthraphenone and subsequent bromination. 
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10-Chloroanthraphenone. —Anthraphenone (5*6 g.) was added to 
a solution of chlorine in carbon tetrachloride (20 c.c.; 7*5%, wt.- 
vol.), the mixture boiled for 15 minutes, cooled, and light petroleum 
added. The resulting solid crystallised from glacial acetic acid, 
benzene and finally ethyl acetate in yellow nodules, m. p. 164— 
165° (Found: 0,11-3. C 21 H 13 0C1 requires Cl, 11*2%). 

. 9 : 10-Dichloro-9 :10 -dihydroanthraphenone. —A solution of 
anthraphenone (11*4 g.) in carbon tetrachloride (40 c.c.) was cooled 
in ice, chlorine in carbon tetrachloride solution (40 c.c.) added, the 
mixture kept in ice for 2 hours, and light petroleum added. The 
resulting solid crystallised from warm benzene-light petroleum in 
colourless needles, m. p. 110—111° (decomp.). After being kept in 
a vacuum desiccator for 2 days, the substance smelled strongly of 
benzoyl chloride, so the sample for analysis was recrystallised from 
benzene and light petroleum and dried in a vacuum desiccator for 
3J hours (Found : Cl, 19*8. C 21 H 14 0C1 2 requires Cl, 20*1%). 

The dichloride (0*5 g.) was suspended in cold pyridine (1 c.c.) and 
after an hour ether was added and the solid recrystallised from alcohol 
and ether. It formed colourless needles completely soluble in 
water, and although analysis showed that the substance was not pure 
it was evident that both chlorine atoms of the dichloride had suffered 
displacement by pyridinium groups (Found : Cl, 14*4. Cg^^ONgClg 
requires Cl, 13*9%). 

Thermal Decomposition of Anthraphenone Dichloride. —The di¬ 
chloride (0*1 g.) was heated to its melting point; hydrogen chloride 
and benzoyl chloride (identified by its smell) were then liberated. 
The resulting mixture was fractionally crystallised from alcohol into 
(a) 10-chloroanthraphenone, identified by the method of mixed 
melting points, and (b) slender, yellow needles, m. p. 96—98°, which 
gave solutions having a strong violet fluorescence. The identi¬ 
fication was completed by direct comparison with an authentic 
sample of 9-chloroanthracene. 

1 Q-Nitroanthraphenone .—Anthraphenone, suspended in acetic acid, 
was slowly nitrated by nitric acid (1 mol.; d 1*42) in the cold without 
the production of an additive compound. The reaction was best 
completed by heating on the water-bath for a few minutes; the 
nitro-compound was then obtained pure without the elaborate puri¬ 
fication recommended by Lippmann and Keppich {loc. cit.). 

9 : lO-Dinitro-9 : 10-dihydroanthraphenone. —A stream of nitrogen 
dioxide (2-6 g.) prepared by heating a mixture of lead nitrate and 
sand, was led into a solution of anthraphenone (5*6 g.) in chloroform 
gm cooled in a freezing mixture; after an hour light petroleum 

1||^.., v '^he'resinous substance that separated became solid 
^^^,:pound, ,under ■ ether. Thrice recrystallised from chloroform 
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and light petroleum and dried in a vacuum desiccator, it was obtained 
in colourless needles, m. p. 175° (decomp.) (Found: N, 7'8. 
^ 21 ^- 14 ^ 5^2 requires N, 7-5%). Suspended over-night in cold 
pyridine diluted with alcohol, it lost nitrous acid and passed into 
10-nitroanthraphenone (identified by the method of mixed melting 
points). 

Fission of Anthraphenone Derivatives .—In order to compare the 
influence of the substituent in the 10-position the same conditions 
were employed in all cases. Krollpfeiffer (loc. cit.) has shown that 
if this substituent is hydroxyl, hydrolysis can be effected by boiling 
with hydrochloric acid in acetic acid, whereas anthraphenone itself 
is unaffected under these conditions. 

10-Chloro-, 10-bromo-, and 10-nitro-anthraphenone were all 
recovered unchanged after 4 hours’ boiling with hydrochloric acid 
in acetic acid. Chloroanthraphenone was not affected by heating 
for 5 hours at 170° with acetic acid saturated with hydrogen 
chloride. 

Hydrolysis with sulphuric acid was attempted by boiling the 
substance (1 g.) with acetic acid (10 c.c.) containing sulphuric acid 
(1 c.c.) for | hour. Krollpfeiffer’s observation that anthraphenone 
is completely decomposed into benzoic acid and anthracene was 
confirmed. Bromoanthraphenone and chloroanthraphenone gave 
tarry products (in the former case hydrogen bromide was liberated), 
whilst 9: 10-dihydroanthraphenone, 10-nitroanthraphenone and 
9 :10-dibenzoylanthracene were recovered unchanged (in the last 
case after 3 hours’ boiling). 

The author desires to express his thanks to the Research Fund 
Committee of the Chemical Society for a grant which has defrayed 
some of the expenses of this investigation, and to Dr. E. de Barry 
Barnett for gifts of materials. 

The Sir John Cass Technical Institute, 

London, E.O. 3. [ Received , January 20 th, 1926.] 


CLXVI .—The Solubility of Beryllium Oxide in Solutions 

of its Salts. 

By If evil V. Sidgwick and Neil B. Lewis. 

Aqueous solutions of beryllium salts are known to be able to 
dissolve considerable quantities of the oxide, a property also 
possessed, but in. a much smaller degree, by salts of iron, aluminium, 
and some other metals. A concentrated solution of the beryllium 
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salt of a strong acid continues to dissolve the basic carbonate with 
brisk effervescence even after the addition of more than one mole 
of base to each mole of salt present. 

With the sulphate, Parsons (J. Amer. Chmn. Soc ., 1904, 26, 
1433) found that the solubility of the oxide increased with the 
concentration of the salt, and in strong solution exceeded two 
moles to one mole of salt. No definite basic salts could be isolated : 
on dilution the more highly basic solutions gave flocculent pre¬ 
cipitates ; on evaporation all left glassy residues with varying ratios 
of Be : S0 4 . The basic sulphates described by Berzelius and others 
were shown not to be definite compounds. Similar results were 
obtained with the oxalate (Parsons and Robinson, ibid., 1906, 28, 
555). Parsons, Robinson, and Fuller (J. Physical Chem 1907,11, 
651) showed that the f. p. of beryllium sulphate solution is slightly 
raised by the addition of the oxide, and its conductivity slightly 
diminished; they concluded that the basic solutions are not 
colloidal, since they cannot be separated by dialysis, and are not 
coagulated by electrolytes. The only suggestion they make to 
explain the results is that the salt solution acts as a mixed solvent, 
the oxide dissolving in the salt as camphor dissolves in acetic acid 
even when it is diluted with water. 

Recently Britton (J., 1925, 127, 2121) has examined electro- 
metrically the effect of adding sodium hydroxide to beryllium 
sulphate solution. He finds that no precipitation occurs until 
1*04 moles of sodium hydroxide have been added for each mole of 
beryllium sulphate. He concludes that the solution is mainly 
colloidal, although he admits that it is not coagulated by electro¬ 
lytes and that it cc betrays no sign of colloidality.” 

We have examined the question by measurements of (1) the 
solubilities and (2) the viscosities and conductivities of these basic 
solutions. Parsons’s investigation of the system BeO,S0 3 ,H 2 O did 
not extend beyond solutions containing 5% BeS0 4 , and his results 
were vitiated, as he admits, by the absence of any definite solid 
phase. The only such phase appears to be the normal sulphate 
BeS0 4 ,4H 2 0, and we have therefore determined the effect of 
addition of the oxide on the solubility of this salt: similar measure¬ 
ments were also made with the selenate and the oxalate. As the 
existence of an acid oxalate has been asserted and denied, the 
system BeC 2 0 4 ,H 2 C 2 0 4 ,H 2 0 also was examined. 

In addition, the conductivities of neutral and basic chloride and 
oxalate solutions and the viscosities of neutral and basic chloride, 
oxalate, sulphate, and selenate solutions were measured. 
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Experimental. 

Solubility of Beryllium Sulphate .—The sulphate was purified by 
recrystallisation from water. The hydroxide, precipitated with 
ammonia, was dissolved in ammonium carbonate, precipitated as 
the basic carbonate by passing in a current of steam, washed, and 
heated for several hours in water through which a current of air 
was drawn. 

Suitable complexes were made by dissolving this basic carbonate 
in concentrated solutions of the sulphate, boiling to expel carbon 
dioxide, and filtering. They were rotated in the thermostat at 
25*00° ± 0*05° in rubber-stoppered tubes for periods varying from 
20 hours for the more dilute to 200 hours for the most concentrated 
and viscous solutions, from which the salt crystallised rather slowly. 
For each analysis two samples were withdrawn through cotton¬ 
wool filters into calibrated pipettes, and weighed, giving approximate 
values of the density. One of these was evaporated to dryness 
with excess of sulphuric acid and weighed as BeS0 4 (which is stable 
up to 500° : Kraus and Gerlach, Z. anorg. Chem., 1924, 140, 69) 
or heated in a muffle and weighed as BeO. In the other, the S0 4 
was determined with barium chloride. The moist solids obtained 
by filtration were analysed in the same way. The increasing 
viscosity made it impossible to measure the complete isotherm. 
The solid phase was shown by the residue method to be in all cases 
BeS0 4 ,4H 2 0. As the amount of dissolved beryllium oxide is 
obtained by difference, and also on account of its very low equivalent 
weight, the experimental error is necessarily large. 

The results are in Table I. 


Table I. 

Solubility of BeS0 4 ,4H 2 0 in presence of BeO. 

Molecular ratio. 



r- ■ 1 


Extra 


BeO : extra 

df. 

BeS0 4 . 

BeO. 

BeS0 4 . 

BeO .* BeS0 4 . 

BeS0 4 . 

1*278 

29*74 

_ 

_ 

— 

_ 

1*318 

31*73 

2*16 

1*99 

0*286 

4*55 

1*327 

32*12 

2*62 

2*38 

0*343 

4*62 

— 

33*86 

4*03 

4*12 

0*500 

4*11 

1*347 

34*55 

4*26 

4*81 

0*517 

3*75 

— 

34*87 

5*02 

5*13 

0*605 

4*11 

' — 

36*46 

6*10 

6*72 

0*703 

3*81 

1*416 

37*48 

7*73 

7*74 

0*867 

4*19 
Mean 4*14 


The solubility of the pure sulphate at 25° was found to be 29*74%, 
which agrees fairly well with the value, 29*94%, obtained by Britton 
and Allmand (J., 1921,119, 1463). 
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In the last column is given the molecular ratio of the oxide 
present to the increase of solubility of the sulphate. It thus appears 
that 1 molecule of salt dissolves for every 4 molecules of oxide 
added. 

In the analogous case of increasing solubility of lead acetate in 
the presence of lead oxide (Jackson, J. Amer . Chem. Soc., 1914, 36 , 
2346) the results calculated in this way show a much more rapid 
increase of solubility (about 3 moles of acetate to one of oxide). 

To see whether the effect is general, other beryllium salts should 
be examined. Most of the salts, however, are excessively soluble, 
and many (e.g., the chloride) crystallise with difficulty, especially 
in presence of the base. The perchlorate, Be(C10 4 ) 2 ,4H 2 0, was 
prepared, but its solubility at 25° was found to be 59*5% (anhydrous 
salt). The benzenesulphonate and the p -toluenesulphonate, which 
have not been previously described, were prepared by crystallis¬ 
ation from a solution of the basic carbonate in slightly more than 
its equivalent of the acid. These salts gave off their water of 
crystallisation at 100°; decomposition also commenced at that 
temperature. The salts were recrystallised from water. The 
benzenesulphonate formed small, elongated tablets [Found : BeO, 
6-3. Be(C 6 H 5 *S0 3 ) 2 ,4H 2 0 requires BeO, 6-33%. Solubility at 
25° = 63-8% (of anhydrous salt)]. The j)4oluenesulphomte formed 
a mass of minute crystals which were only slightly denser than 
their saturated solution [Found : BeO, 5*9. Be(C 7 H 7 -S0 3 ) 2 ,4H 2 0 
requires BeO, 5-91%. Solubility at 25° = 39*2% (of anhydrous 
salt)]. 

The peat solubility of these three salts, and the difficulty of 
estimating the anions accurately, make them unsuitable : the only 
suitable salts seem to be the selenate and oxalate. 

Solubility of Beryllium Selenate. —The salt was prepared by dis¬ 
solving the basic carbonate in a slight excess of selenic acid, made 
by the oxidation of selenious acid with chloric acid (Meyer and 
Moldenhauer, Z . anorg. Chem ., 1921, 116 , 193), and was twice 
recrystallised from water. It was free from selenite, and had the 
composition BeSe0 4 ,4H 2 0 (Found: BeO, 11*3; Se, 35*4; H 2 0, 
32*7. Calc.: BeO, 11*15; Se, 35*3; H s O, 32*1%). The selenate 
was determined by reduction to selenium (Jannasch and Muller, 
Ber. y 1898, 31 , 2388). The salt loses rather more than half its 
water at 100—105°, and the rest at 300°, at which temperature the 
anhydrous salt is quite stable. 

The solubilities were measured as before. The results at 25° 

| pe in Table II, each being the mean of two determinations. 

t $be molecular ratio is the same as with the sulphate, within the 
/experimental error.' 
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Table II. 

Solubility of BeSe0 4 ,4H 2 0 in presence of BeO. 


Per cent. Molecular ratio. 


S " 


Extra 

- - 


BeSe0 4 . 

BeO. 

BeSe0 4 . 

BeO : BeSe0 4 , 

BeO : extra BeSe0 4 . 

36*22 

0*046 

— 

0*008 

— 

37*05 

0*60 

0*83 

0*098 

4*0 

38*84 

1*98 

2*62 

0*311 

4*5 

40*23 

2*98 

4*01 

0*451 

4*4 

42*11 

3*71 

5*89 

0*536 

3*8 

Mean 4*2 


Solubility of Beryllium Oxalate .—The salt was prepared from the 
basic carbonate and slightly more than its equivalent of oxalic acid 
and the measurements were carried out in the same way as before. 
Parsons and Robinson (Zoc. cit.) state that the slightest excess of 
base entirely prevents the crystallisation of the oxalate. This was 
not confirmed, although the crystallisation from the more basic 
solutions is rather slow, lasting about a day. 

The results at 25° are in Table III. 


Table III. 


Solubility of BeC 2 0 4 ,3H 2 0 in presence of BeO. 


Molecular ratio. 





Extra 


BeO : extra 


BeC a 0 4 . 

BeO. 

BeC 2 0 4 . 

BeO : BeC 2 0 4 

BeC 2 0 4 . 

1*179 

28*20 

0*08 

_ 

0*011 

_ 

1*224 

31*73 

1*31 

3*53 

0*160 

1*35 

1*259 

35*01 

2*35 

6*81 

0*260 

1*29 

1*282 

37*17 

3*23 

8*97 

0*337 

1*36 

— 

41*69 

4*02 

13*49 

0*373 

(1-13) 

1*290 

38*20 

3*52 

10*00 

0*367 

1*33 
Mean 1*33 


The analysis of the moist solids from experiments 2, 3, and 4 
showed the solid phase to be in each case the normal oxalate 
BeC 2 0 4 ,3H 2 0. In calculating the results in the last column, the 
small quantity of oxide present in the first experiment was sub¬ 
tracted. The calculated solubility of the pure oxalate at 25° is 
27-97%. 

The oxalate thus resembles the sulphate and selenate in that 
its solubility is increased by the addition of the oxide, but the 
rate of increase is three times as great: 3 molecules of salt for 
every 4 molecules of oxide added. 

In view of the possible formation of complex oxalates, the system 
was examined on the acid side (BeC 2 0 4} H 2 C 2 0 4 ,H 2 0). Rosenheim 
and Woge (Z. anorg . Chem., 1897,15, 283) obtained from a solution 
containing excess of oxalic acid crystals of the composition 
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2BeC 2 0 4 ,H 2 C 2 0 4 ,5H 2 0. Parsons and Robinson (loc. cit.) could not 
obtain this, but only mixtures of crystals which were recognised 
under the microscope as those of the normal oxalate and of oxalic 
acid; they observed that the last traces of oxalic acid were very 
difficult to remove from the salt by recrystallisation. Wirth {Z. 
anorg. Chem ., 1914, 87, 7) found the solubility of BeC 2 0 4 ,3H 2 0 
in water at 25° to be 24-85% (of anhydrous salt), and in N /10-oxalic 
acid 27*75%, from which he concludes that complex acid salts are 
formed. The former value does not agree with our results, but the 
latter does, our values for the corresponding solubilities being 
27-S% and 27-5%, respectively. 

The system BeC 2 0 4 ,H 2 C 2 0 4 ,H 2 0 was measured at 25° by the 
methods already described. The complexes were heated until 
homogeneous, and rotated 18—36 hours in the thermostat to 
crystallise. The results are in Table IV. Compositions are in 
weights %. 

Table IV. 

System BeC 2 0 4 -H 2 C 2 0 4 -H 2 0 at 25°. 

Percentage composition. 

Solution. Moist solid. 


No. 

<* 

BeC 2 0 4 

h 2 c 2 o 4 . 

BeC 2 0 4 

HA0 4 * 

1 

1*178 

26*55 

1*81 

62*18 

0*45 

2 

1*187 

25*33 

4*42 

59*85 

4*40 

3 

1*188 

25*23 

4*79 

53*57 

10*11 

4 

1-197 

24*49 

6*88 

51*53 

12*68 

5 

1*184 

23*90 

7*51 

47*15 

17*80 * 

6 

1*197 

24*01 

7*46 

39*11 

25*38 

7 

1*168 

20*78 

7*63 

1*90 

66*76 

8 

1*139 

15*79 

8*46 

— 

— 

9 

1*112 

11*24 

9*07 

— 

— ' 

10 

1*087 

7*60 

9*52 

— 

— 

11 

1*064 

3*45 

10*03 

— 

— 

12 

1*043 

0*00 

10*23 

— 

— 

The results are 

plotted in 

Pig. 1. The 

curve AB 

gives solutions 


in equilibrium with H 2 C 2 0 4 ,2H 2 0; curve BC those in equilibrium 
with solids ranging from B' to C' which are obviously mixed crystals 
of BeC 2 0 4 ,3H 2 0 and H 2 C 2 0 4 ,2H 2 0. It will thus be seen that there 
is no evidence for the existence of an acid salt such as that described 
by Rosenheim and Woge. This mixed crystal formation also 
explains the difficulty of Parsons and Robinson in removing the 
last of the oxalic acid impurity from beryllium oxalate by recrystal¬ 
lisation. It is very unusual for a salt to form mixed crystals with 
its own acid. 

Measurement of Viscosities .—Concentrated solutions of the 
sulphate and the selenate were made up from the crystalline salts; 

||1%>se of the chloride and oxalate by dissolving the basic carbonate 
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in the necessary amount of acid, and determining the composition 
by analysis. The basic solutions, likewise analysed, were made up 
in the same way. They were all carefully filtered, and the dilute 
solutions made up from them by weight. The densities were 
measured in a pyknometer, and the viscosities in an Ostwald 
viscometer of period 84*6 seconds w T ith water at 25°. Every 
value is the mean of two or more concordant results. The values 
given in Tables V and VI are of the equivalent normality of the 
salt, and of the relative viscosity (water at 25° = 1). 


Fig. 1. 
H 2 C 2 0 4 



It will be seen that the increase of viscosity caused by the base 
in dilute solutions is relatively small, and is little affected by the 
nature or concentration of the salt. The viscosity of the solution 
did not change on standing, or on heating to 100° and cooling 
again, which indicates that the phenomenon is not colloidal. 

Conductivities .—These were measured in the usual way for neutral 
and basic chloride and oxalate solutions made up and analysed 
as above described, the results being given in Tables VII—X. 
The conductivity of the water (1*3 to 1*9 x 10“ 6 ) was subtracted 
The concentrations are equivalent normalities of salt present; the 
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Table V. 

Viscosities of neutral and basic solutions of beryllium chloride. . 

Equivalent Relative viscosity 

normality. df° t . (water at 25° = 1). Composition of solution. 

0*338 (1*0089) 1*076 Neutral (equivalents Be : Cl == 

0*683 (1*0178) 1*170 0*997:1*000). 

1*014 1*0266 1*245 

1*936 1*0494 1*524 

2*770 1*0700 1*816 

3*810 1*0948 2*255 

5*308 1*1295 3*065 

7*671 1-1S52 5*184 

0*569 1*0182 1*153 Basic (0*476 mole BeO per mole 

1*209 1*0394 1*355 BeCl 2 ). 

2*255 1*0721 1*761 

3*274 1*1009 2*299 

4*757 1*1437 3*485 

5*990 1*1780 4*943 

7*539 1*2242 8*005 

0*590 (1*0223) 1*192 Basic (0*987 mole BeO per mole 

0*899 (1*0339) 1*295 BeCl 2 ). 

1*741 (1*065) 1*653 

2*460 1*0902 2*056 

3*602 1*1311 2*970 

4*633 1*1662 4*299 

4*955 1*1762 4*836 

6*028 1*2110 7*322 

7*350 1*2550 13*36 

0*0472 1*0022 1*016 Basic (1*760 moles BeO per mole 

0*1080 1*0050 1*036 BeCl s ). 

0*340 1*0160 1*114 

0*641 1*0301 1*238 

1*055 1*0489 1*441 

1*738 1*0792 1*893 

4*190 1*1855 6*968 

conductivities are also equivalent. The fourth column gives the 
product of the conductivity and the viscosity. Temperature 
25° ± 0*02°. The values for the chloride solutions are in Tables 
VII and VIII (b = moles of BeO per mole of salt). 

In Fig. 2, the product of equivalent conductivity and viscosity is 
plotted against the cube root of the concentration, the crosses 
representing the values of Fricke and Schutzdeller (Z. anorg. Chem., 
1924, 131, 130) for solutions obtained by double decomposition 
from beryllium sulphate and barium chloride. It will be seen that 
the conductivity is less in the basic solutions, but only by about 5%. 

The hydrogen-ion concentration in beryllium chloride solutions 
at 25° has been measured colorimetrically by Mr. W. J. Worboys 
in this laboratory (results not yet published). He finds this to 
vary from 1*24% of the salt concentration in N /8-solution to 3-68% 
in $7512. If we assume that the hydrolysis takes place thus: 
BeCI 2 + H a O = (BeOH)Cl + HC1, the practical result will be to 
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Viscosities 

Table VT. 

of neutral and basic solutions of beryllium salts. 

Equivalent 


Relative viscosity 

normality. 

dW. 

a 2fi* 

(water at 25° 

— 1). Solution. 

0*425 

(1*019) 

1*147 

Beryllium sulphate (neutral). 

0*644 

1*0290 

1*221 


1*109 

1*0503 

1*420 


1*737 

1*0782 

1*730 


2*638 

1*1163 

2*312 


3*874 

1*1663 

3*644 


5*878 

1*2454 

7*199 


0*455 

1*0254 

1*189 

Beryllium sulphate basic (0*965 mole 

0*666 

1*0367 

1*292 

BeO per mole BeS0 4 ). 

1*078 

1*0593 

1*516 

1*654 

1*0900 

1*926 


2*382 

1*1274 

2*644 


3*319 

M747 

4*069 


4*022 

1*2104 

5*843 


5*045 

1*2601 

10*20 


6*432 

1*3240 

22*80 


7*702 

1*3783 

51*1 


8*933 

(1*426) 

140*6 


0*457 

1*0297 

1*167 

Beryllium selenate (neutral). 

0*981 

1*0634 

1*386 

2*027 

1*1288 

1*985 


3*111 

1*1950 

2*903 


4*771 

1*2940 

5*864 


0*483 

1*0373 

1*215 

Beryllium selenate basic (0*979 mole 

0*983 

1*0761 

1*508 

BeO per mole BeSe0 4 ). 

2*130 

1-1624 

2*569 

3*336 

1*2464 

4*599 


4*737 

1*3429 

11*00 


0*565 

1*0160 

1-098 

Beryllium oxalate neutral (equi¬ 

1*138 

1-0325 

1*207 

valents Be : C 2 0 4 = 0*996 : 1*000). 

2*324 

1*0663 

1*493 


3*671 

1*1047 

1*950 


4*971 

1*1419 

2*564 


0*556 

1*0230 

1*156 

Beryllium oxalate (0*974 mole BeO 

1*085 

1*0439 

1*329 

per mole BeC 2 0 4 ), 

2*267 

1*0896 

1*909 

3*569 

1*1426 

3*058 


5*011 

1*1980 

5*757 



Table VII. 

Conductivities of beryllium chloride (neutral) solutions. 


Normality. 

Relative 
viscosity ( 17 ). 

Equivalent 
conductivity (A). 

X 77 . 

X 17 

(corr.) 

0*001001 

— 

130*6 

130*6 

115*8 

0*001832 

— ■ 

125*8 

125*8 

114*1 

0*003467 

( 1 * 001 ) 

123*4 

123*5 

113*7 

0*006491 

( 1 * 002 ) 

121*1 

121*3 

113*3 

0*009964 

( 1 * 002 ) 

118*2 

118*4 

111*3 

0*02014 

(1*005) 

112*8 

113*3 

107*5 

0*03392 

(1*008) 

108*1 

108*9 

103*9 

0*07863 

(1*019) 

101*3 

103*3 

98*8 

0*1387 

(1*034) 

96*5 

99*8 

. 95*7 

0*2840 

(1*069) 

89*4 

95*6 

— 

0*5548 

(1*136) 

81*1 

92*1 


1*0140 

1*245 

72*1 

89*8 

—* 
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Table VIII. 


Conductivities of beryllium chloride (basic, b = 1-760) solutions. 


Normality. 

17* 

A. 

\7}. 

Normality. 

y- 

A. 

At/. 

0*000967 

— 

122*9 

122*9 

0*04724 

1*016 

99*3 

100-9 

0*000972 

— 

122*8 

122*8 

0*07257 

(1-025) 

94*9 

97*2 

0*001860 

— 

122*2 

122*2 

0*1164 

(1*039) 

90-5 

94*0 

0*003568 

(1*001) 

119*9 

120*0 

0*1968 

(1-066) 

85-6 

91-3 

0*004637 

(1*002) 

117*8 

118*0 

0*3400 

1*114 

80-0 

89*1 

0*009196 

(1-003) 

113*7 

114*0 

0*6415 

1-238 

71*4 

88-4 

0*01015 

(1-003) 

112-3 

112*6 

1*0546 

1*441 

63*1 

91*0 

0*01763 

(1-006) 

107*9 

108*6 

1*738 

1*893 

52*7 

99*9 

0*02725 

(1*009) 

104-4 

105*3 

4*190 

6*968 

26*93 

187*7 


Fig. 2. 



Equivalent conductivities of beryllium chloride solutions , Curve '1, neutral solution 
Curve 2, basic (b = 1*760) solution. 

■+* denotes observations by Fricke do SchiUzdeUer {loc. cit.). 


increase the conductivity by an amount corresponding to the 
hydrogen ion present. By subtracting this amount we find the 
conductivity of the non-hydrolysed solutions (last column in 
Table VII). As will be seen, this correction brings the values of 
the neutral very near to those of the basic solutions, except at high 
dilutions, where even the latter may still be perceptibly hydrolysed. 
The corrected conductivities of the solutions of the neutral 
chloride extrapolate to a value for the mobility at 25° of £BeCl 2 >= 
118-5* corresponding to 43 for £Be. Fricke and Schutzdeller (loc. 
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cit) give a value of 30 for the mobility of JBe. This is based on 
their values for the conductivities of solutions from 0*052^ to 
0-5N; but their correction for hydrolysis is rather uncertain, being 
founded on a measurement by Wood (J., 1910, 97, 878) of its 
value (2-2%) at 0-35JV, from which they calculated the values at 
greater dilutions. 

The values for the oxalate solutions are in Tables IX and X. 

The results are plotted in Fig. 3, the crosses representing those of 
Rosenheim and Woge ( loc . cit.). 


Fig. 3. 



Equivalent conductivities of beryllium oxalate solutions. 

0 Neutral solutions, x Neutral solutions (Rosenheim and Woge). -j-Basic 
(6 = 0*974) solutions . 


Table IX. 

Conductivities of beryllium oxalate (neutral) solutions, 


Normality. 

V- 

A. 

\V}. 

0*00550 

1*001 

16*38 

16*39 

0*01407 

1*002 

12*81 

12*83 

0*01180 

1*002 

13*32 

13*35 

0*03202 

1005 

11*08 

11*13 

0 03732 

1*006 

10*87 

10*93 

0*05323 

1*009 

10*49 

10*58 

0*08931 

1*015 

10*12 

10*27 

0*1084 

1*019 

10*09 

10*28 


Normality. 

V * 

A. 

Aij. 

0*1657 

1*028 

9*95 

10*22 

0*2136 

1*036 

9*97 

10*32 

0*3361 

1*057 

9*95 

10*51 

0*4164 

1*072 

9*99 

10*71 

0*6478 

1*115 

9*87 

11*00 

0*8372 

1*149 

9*94 

11*42 

1*1403 

1*209 

9*67 

11*69 
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Table X. 


Conductivities of beryllium oxalate (basic, b = 0*974) solutions. 


Normality. 

77- 

A. 

At7. 

Normality. k\. 

A. 

At;. 

0-00574 

1*001 

16-79 

16-81 

0-1897 1-052 

8-85 

9-31 

0-01144 

1-003 

13-93 

13*98 

0-3397 1-094 

8-02 

8-78 

0-02359 

1-007 

11-88 

11-96 

0*6236 1-178 

7-60 

8-95 

0-05392 

1-015 

10-35 

10-51 

1-0245 1-307 

6-90 

9-02 

0-1012 

1-028 

9-53 

9-80 





The conductivities of the oxalate are very small, as may be seen 
by comparing them with those of the sulphate (Ley, Z. *physikal. 
Chem ., 1899, 30, 245) at the same dilutions. 


Dilution (litres per equiv.) 
Equiv. cond. of sulphate .. 
„ „ of oxalate .. 


32 128 512 

66-4 88-7 112-6 

10-8 15-1 29-8 


Further, the equivalent conductivity of the oxalate solution 
increases at concentrations above about Q-I5N, which behaviour 
is probably unprecedented. 

Freezing Points of Oxalate Solutions. —The depression of freezing 
point of aqueous solutions of the oxalate was measured in a 
Beckmann apparatus. The results are 


Mol© of salt per 

1000 g. of water. 

A. 

Molecular 

depression. 

i. 

0-0224 

0-048° 

2*14° 

1-15 

0-0532 

0-119 

2-24 

1-20 

0-1049 

0-220 

2-10 

M3 

0-1771 

0-363 

2-05 

1-10 

0-3665 

0*720 

1-96 

1-05 


The values of the van’t Hoff factor i are, in the stronger solu¬ 
tions, of the same order as those observed by Parsons, Robinson, 
and Fuller {loc. cit.), but at greater dilutions they are considerably 
lower. 

Discussion of Results. 

(1) Sulphate , Selenate , and Chloride. —The solubility of beryllium 
oxide in solutions of its salts may be due to three causes. (1) The 
salt may make the oxide form a colloidal solution; (2) the oxide 
may form a basic salt, for example of the univalent ion [BeOH] + , 
or (3) it may attach itself to one of the ions of the normal salt, in 
which case, since the property is common to beryllium salts in 
general, it must combine with the beryllium ion. The first hypo¬ 
thesis, that of colloid formation, has not been entirely disproved. 
The most basic solutions are somewhat turbid, and although they 
cannot be separated by dialysis, they may contain some colloidal 
material. But the whole of the dissolved oxide cannot be in this 
form. Some of the solutions described above contain more than 2, 
and they can be prepared with as many as 5 moles of oxide per 
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litre, a concentration enormously greater than is reached by the 
colloidal solutions of other metallic hydroxides. Further, the 
stability of these solutions to the action of heat and of electrolytes 
is against the view that they are highly concentrated colloids, a 
view which also fails to explain why the salt is more soluble in 
presence of the oxide. The bulk of the oxide must be present in 
some other form, (2) The formation of basic salts of an ion [BeOH] + 
would not allow of the solution of more than one mole of oxide 
for every mole of salt, whereas more basic solutions can be pre¬ 
pared. It would also, involve an increase of one ion for every 
molecule of oxide dissolved—[Be]A + Be(OH) 2 — [BeOH] 2 A—and 
hence the addition of oxide should lower the freezing point and 
prpbably increase the conductivity, whereas it actually has the 
opposite effect. 

We are therefore left with the third hypothesis, that the oxide 
combines with the beryllium ion to form a complex kation 
[Be^rBeO] ++ . This would account for the small change in con¬ 
ductivity (3—7%, mainly due to the disappearance of hydrolysis), 
since the number of ions would not alter, but the “ beryllated ” ion 
might have a slightly different mobility and degree of ionisation. 
It is also supported by the slight decrease (about 10%) in the 
freezing point depression of the sulphate observed by Parsons, 
Bobinson, and Fuller (loc. cit.). It explains the increase in the 
solubility of the salt in presence of the oxide as due to the form¬ 
ation of a new complex salt. If we could assume the solubility of 
the normal salt to be the same in presence of the complex salt as 
in water, the molecular ratio of the added oxide to the increased 
solubility of the salt (4*14 with the sulphate and 4*2 with the 
selenate) would indicate that the complex ion was [Be,4BeO] ++ . 
The accompanying increase of the anion in the basic solution must, 
however, somewhat diminish the solubility of the normal salt, 
although we cannot at such high concentrations calculate the 
magnitude of this effect. Hence the observed ratio of 4*14 or 4*2 
must be greater than the average number of BeO molecules attached 
to a “ beryllated ” Be ion. 

Now there is good evidence that while the covalency of beryllium 
cannot exceed 4, it has a strong tendency, particularly in the 
ionised state, to reach this value. Its soluble salts never have 
more than 4 molecules of water, but seldom fail to attain this 
number (the case of the oxalate is discussed below). The same 
tendency of the atom to pass from the ionised to the covalent 
state is shown by the low conductivity of the fused chloride and 
the stability of many of its covalent organic compounds (e.g., the 
non-ionised basic acetate). Its oxide may thus be expected readily 
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to assume the covalent form Be=0, which could replace the water 
of crystallisation of the ion : 

Ho Be 

O - 0 

4 * ^ 

H 2 0-^*Be-<r-OH 2 —^ BeO->Be<-OBe 

i + 

0 0 

H 2 Be 

This replacement will no doubt be incomplete, a series of mixed 
ions being formed, with the water only partly replaced by BeO, 
so that on the average there will be less than 4 BeO groups attached 
to each “ beryllated 55 ion, as we find to be the ease. 

(2) Beryllium Oxalate .—The above hypothesis accounts for the 
behaviour of basic solutions of the sulphate, selenate, and chloride, 
and should be applicable to any solution containing beryllium ion : 
but the behaviour of the oxalate, which increases in solubility by 
about 3 molecules for every 4 of the oxide added, needs further 
explanation. This salt is peculiar in many ways. It is unique 
among the oxalates of bivalent metals in being very soluble in 
water (nearly 30% at 25°): the oxalates of Mg, Ca, Sr, Ba, Zn, 
Cd, Hg", Sn", Cr", Mn", Fe", Co", and Ni are all very slightly if 
at all soluble. It is also almost unique among beryllium salts 
in not forming a tetrahydrate but only a trihydrate. These facts 
clearly indicate that it is not a normal oxalate. Further peculi¬ 
arities which we have found are (1) the conductivity, which even at 
V — 512 is barely a quarter of that of the sulphate, and at greater 
concentrations falls to about a sixth, showing that (assuming the 
ionic mobilities to be about the same) the number of ions formed is 
only about a quarter of that produced by a normal bi-bivalent salt. 
(2) The increase of solubility of the salt on addition of oxide is 
three times as great as with the sulphate or selenate (1 : 1*3 instead 
of 1 : 4*1). (3) Finally the f. p. experiments show that the number 

of molecules (including ions) in the solution is not much less than 
it would be with a normal salt. 

The last fact proves that the compound formed cannot have a 
high molecular weight, and suggests that the ions have combined 
to form a non-polar molecule : 

• Be[C 2 0 4 ]-* [BeC 2 0 4 ] 

which is not improbable in view of the strong tendency (already 
mentioned) of the beryllium ion to pass into the covalent state, 
and that of the oxalate ion to form a covalent oxalato-ring, as in 
Werner's optically active K 3 [Cr(C 2 0 4 ) 3 ]. On this simple assumption 
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we should conclude, since the conductivity is reduced to about a 
quarter, that the solution contains about 3 molecules of oxalato- 
corapound to 1 molecule of salt. The value of i found by the 
f. p. method w r ould be 1 + |a, if a is the true degree of dissoci¬ 
ation of the salt: the observed values of i are from 1*2 at 0*05 
molar normal to 1*1 at 0*37. This assumption is further sup¬ 
ported by the fact that the compound crystallises with 3 mole¬ 
cules of water. The oxalate group is usually monohydrated, 
both as an ion and in oxalato-compounds : for example, we have 
K 2 C 2 0 4 ,H 2 0; (NH 4 ) 2 C 2 0 4 ,H 2 0; (NH 4 ) 2 [Hg(C 2 0 4 ) 2 ],2H 2 0; K 3 and 
(NH 4 ) s [Cr(C 2 0 4 ) 3 ],3H 2 0, all salts of kations which are rarely if 
ever hydrated. Thus one of the H 2 0 molecules can be attached 
to the oxalate group. The other two must be joined to the beryl¬ 
lium atom (formula I) if it is to have the stable covalency of 4 
which beryllium always attains if possible, and the attainment 
of which always promotes the formation of covalent links, as in 
the sodium compound of benzoylacetone (Sidgwick and Brewer, J., 
1925, 127, 2383); this when anhydrous is a salt, but it readily 
takes up two molecules of water and becomes covalent (formula II) > 
as is shown by its then being soluble in hydrocarbons. 


: 2 o x - o~c=o,h 2 o 

; 2 0^ Be \o— 



A non-polar structure of this kind also makes the formation of 
solid solutions with oxalic acid less inexplicable. 

One peculiarity of the oxalate is unexplained : the large increase 
(1 : 1*3 instead of 1 : 4*1) of solubility on addition of the oxide. 
If the latter combines only with the beryllium ion, as it does in 
the solutions of the strong acid salts, the ratio should be the same 
in both cases; for on the removal of part of the ions in the “ beryl- 
lated 35 form, the equilibrium between the polar and non-polar 
modifications will be restored. The only explanation would seem 
to be that the oxide mainly combines with the non-polar form in 
the ratio 1:1 (presumably replacing a molecule of water), but partly 
also with the ion, as in the sulphate and selenate, thus lowering the 
ratio of increased solubility to added oxide from 1 :1 to 1 : 1*3. 

The peculiar form of the conductivity curve, which scarcely 
falls (and if corrected for viscosity, rises) from J7/6- to N- solution, 
seems to be without parallel. Since with increasing concentration 
the molecular conductivity of the true salt must diminish (as it 
does with all other salts), and likewise presumably the proportion 
of true salt to non-polar compound, some other reaction must 
intervene; but it is difficult to see what this is. 


Y Y 2 
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CLXVII.— cb-Mono- and Dibromo-derivatives of Quin - 
aldine and Nitroquinaldines and their Products of 
Hydrolysis . 

By Dalziel Llewellyn Hammick. 

It has been shown (J., 1923, 123, 2882) that quinaldine can readily 
be brominated to to-tribromoquinaldine, which can be hydrolysed 
to quinaldinic acid. A similar route to the corresponding a-aldehyde 
and alcohol has now been investigated. Unfortunately, quinaldine 
cannot be selectively brominated to the u-mono- and dibromo- 
derivatives; <D-tribromo-quinaldine, however, can be reduced to 
the two other w-bromoquinaldines by the action of the calculated 
quantities of titanous or stannous chloride in alcoholic or acetone 
solution. oo-Dibromoquinaldine can also be obtained in about 60% 
yield by the action of excess of sodium arsenite on the tribromo- 
compound in aqueous-alcoholic solution. 

Unlike tribromoquinaldine, the mono- and dibromo-derivatives 
cannot be hydrolysed by the action of acids; even oleum acting at 
50° for 12 hours is ineffective. Alkalis yield coloured and resinous 
products. Silver nitrate, however, in aqueous alcohol converts 
these derivatives quantitatively into the alcohol and aldehyde 
respectively. 

The mononitro-compounds obtained by the direct nitration of 
quinaldine have been directly brominated to the o-di- and tri- 
bromo-derivatives. The latter, on hydrolysis, yield nitrocarboxylic 
acids which give nitroquinolines on fusion; these have been identi¬ 
fied as the 5- and 8-nitro-compounds. The orientation of the 
products of the direct nitration of quinaldine given by pecker and 
Kemfrey (Ber., 1905, 38, 2773) is thus confirmed. 

Experimental. 

A solution of 23*7 g. (2 mols.) of stannpis 
chloride in 100 c.c. of acetone was slowly added, with constant 
shaking and cooling, to 20 g. (1 mol.) of o>-tribromoquinaldine 
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(loc. cit.) in 250 c.c, of acetone. After 1 hour, the acetone was 
removed, the solution neutralised with chalk and distilled with 
steam for about 9 hours. The white, crystalline solid in the distil¬ 
late crystallised from ligroin in colourless needles, m. p, 120° (yield 
9-0 g.; 60%) (Found : Br, 52-8. C 30 H 7 NBr 2 requires Br, 53'1 %). 

Quinoline-2-aldehyde. —A mixture of co-dibromoquinaldine (8 g.) 
in 50 c.c. of boiling alcohol with 8*6 g. (2 mols.) of silver nitrate in 
10 c.c. of hot water was boiled for 10 minutes and, after addition of 
hydrochloric acid and filtration, distilled with steam to remove the 
alcohol. The solution was now neutralised with chalk and again 
distilled with steam; the oil that slowly solidified in the distillate 
separated from ligroin in colourless crystals, m, p, 71° (yield 4*6 g.; 
100%) (Found: N, 8-9. Calc, for C 9 H 6 N*CHO : N, 8*0%). The 
aldehyde gave an oxime, m. p. 184°, and a phenylhydrazone, 
m. p. 204° (compare Kaufmann and Vallette, Ber., 1913, 46, 56). 

t»-M<mobromoquinaldine was prepared exactly as co-dibromo- 
quinaldine, twice the amount of stannous chloride in acetone 
solution being used. The monobromoquinaldine distilled in steam 
as a readily solidifying oil and crystallised from ligroin in colourless 
needles, m. p. 83° (Found: Br, 36*1. C 10 H 8 NBr requires Br, 
36*0%). The yield was about 50%. 

co -Hydroxyquinaldine was obtained in quantitative yield from 
^-monobromoquinaldine by the action of the calculated quantity 
of silver nitrate in alcoholic solution, exactly as in the preparation 
of quinoline-2-aldehyde (vide supra). The carbinol is volatile in 
steam and crystallises from ligroin or alcohol in fine needles, m, p. 
64° (Found: N, 8*65. C 9 H 6 N*CH 2 *OH requires N, 8*8%). It is 
readily oxidised by chromic acid to quinoline-2-aldehyde. 

u)-Tribromo-8~nitroquinaldine .—A solution of quinaldine in excess 
of cold concentrated sulphuric acid was shaken with the calculated 
quantity of potassium nitrate crystals until these had dissolved* 
After heating for 20 minutes on the water-bath, the mixture was 
poured into water and nearly neutralised with sodium hydroxide, 
whereupon 8-nitroquinaldine separated (compare Doebner and 
Miller, Ber., 1884, 17, 1700, who added quinaldine nitrate to con¬ 
centrated sulphuric acid). A solution of 7 g. of the recrystallised 
nitroquinaldine (m. p, 130°) in 150 c.c. of glacial acetic acid saturated 
with sodium acetate was slowly treated with 20 g. (3 mols.) of 
bromine in 50 c.c. of glacial acetic acid. After 20 minutes' heating 
on the water-bath, the mixture was poured into water; the &4ribromo- 
8-nitroquinaldine that separated crystallised from alcohol in faintly 
yellow needles, m. p. 132° (yield 100%) (Found: N, 6*5. 
C 10 H 5 O 2 N 2 Br 3 requires N, 6*6%). 

8-Nitroquimldinic Acid. —co-Tribromo-8-nitroquinaldine (10 g.) 



1304 to-MONO- AND DIBBOMO-DERIVATXVES OE QTjnTAXDpTE, ETC. 

was boiled with 20% sulphuric acid for 10 hours; the 8-nitro- 
quinaldinic acid obtained on pouring the mixture into water and 
partly neutralising it separated from alcohol in almost colourless 
crystals, m. p. 182° (Besthorn and Ibele, Ber., 1906, 39, 2329, 
give m. p. 177°). The acid on fusion gave 8-nitroquinoline which, 
recrystallised from iigroin, melted at 89° alone or mixed with a pure 
specimen. 

to-Dibromo-S-nitroquimldme was prepared in the same way as 
co-tribromo- 8-nitroquinaldine, except that two molecular proportions 
of bromine were used instead of three. The compound crystallises 
from alcohol in pale yellow needles, m. p. 183° (Found: N, 7*9. 
C 10 H 6 O 2 N 2 Br 2 requires N, 8*1%). 

$-Nitroquinoline-2-aldehyde .—Hydrolysis of co-dibromo-8-nitro¬ 
quinaldine in the usual way with alcoholic silver nitrate gave about 
50% yields of S-nitroquinoline-2-aldehyde, which crystallises from 
alcohol in golden needles, m. p. 152° (Found: N, 13*7. 
C 9 H 5 0 2 lSr 2 -CH0 requires JHT, 13*9%). 

<*-Tribromo-5~nitroquinaldine. —The second nitroquinaldine, m. p. 
82°, obtained by the direct nitration of quinaldine is described by 
Doebner and Miller (loc. cit.) as the 7-nitro-compound. The bromin- 
ation of this substance does not proceed so readily or so smoothly 
as in the cases already described and the products were obtained in 
poor yield and mixed with much gummy material. A solution of 
11 g. of the above nitroquinaldine in glacial acetic acid saturated 
with sodium acetate was slowly treated with 28 g. (3 mols.) of 
bromine in 75 c.c. of acetic acid. After heating for an hour on the 
water-bath, the mixture was poured into water. The gummy mass 
that separated was extracted with hot alcohol, from which an oil 
separated on cooling. The oil solidified on keeping and after 
recrystallisation from Iigroin melted at 93° (yield 4 g.; 17%) 
(Found : $T, 6*5. C 10 H 5 O 2 N 2 Br 3 requires N, 6*6%). 

This ca-tribromonitroquinaldine was boiled for 10 hours with 
20% sulphuric acid. The solution on neutralisation gave an acid 
which was not purified but, after drying, was decarboxylated by 
fusion ; the product, crystallised from Iigroin, melted at 72° alone 
or mixed with pure 5-nitroquinoline. Doebner and Miller’s ec 7-nitro- 
quinaldine ” is thus shown to be the 5-nitro-derivative, in accord¬ 
ance with the conclusions of Decker and Remfrey (loc. cit.). 

t 
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CLXVIII. —The Nature of the Alternating Effect in 
Carbon Chains . Part IV . Some Abnormal . Re¬ 
actions as Evidence of the Incipient Ionisation of 
Certain Hydrogen Atoms in Hydrocarbon Radicals . 

By Eric Leighton Holmes and Christopher Kelk Ingold. 

Hydrolytic reactions have often been utilised to diagnose the 
relative polarities of atoms in combination, the residue which, after 
fission, appears in association with hydrogen being regarded as 
negative in comparison with the other : 

A — B + H 2 0 A*OH -f“ H*B. 

Observations are recorded in this pap$r which show that, in 
certain circumstances, the direction of fission may be changed by 
altering the experimental conditions even in cases in which the 
relative polarity of the atoms at the point of fission is fixed by the 
presence, according to modem theory,, of a real electrical charge on 
one of them. 

In the following formulae for the sulphonamide group, 

O 

R—n<5'„ 

II R 

0 

the sulphur atom is represented as carrying a double positive 
charge, and each of the oxygen atoms a single negative one, whilst 
the nitrogen atom remains neutral. That is to say, the sulphur 
atom is necessarily positive with respect to the nitrogen atom, 
and, accordingly, a sulphonic acid and an amine, R"S0 2 ~~0K + 
H—NR'R'', are the expected products of fission. 

p-Toluenesulphonbenzylmethylamide (I) behaves in this way on 
treatment with mineral acids, but with concentrated alkalis it gives 
products equivalent, as regards state of oxidation, to a sulphinic 
acid and a hydroxylamine, RS0 2 —H + HO—NR'R". Two of 
the products obtained, toluene and sulphurous acid, must almost 
certainly have been formed from ^-toluenesulphinic acid, which is 
known to undergo decomposition into these substances in the 
presence of strong alkalis; whilst the third, benzylidenemethyl- 
amine, is the expected dehydration product of benzylmethyh 
hydroxylamine. The possibility of its formation from the hydroxyl¬ 
amine under the conditions used was controlled by subjecting the 


o- 

R-4—N<5!, 

A- 
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dibenzylhydroxylamine to the same conditions, when benzylidene- 
benzylamine was obtained. 

Type (A) 

CH 3 C 6 H 4 Me-S0 3 H + NH(CH,)-0H 2 Ph 
C 6 H 4 Me-SO a -N< E0H 

(I.) \CH 2 Ph-^{C 6 H 5 Me+K^S 03 }+N(CH 3 ):CHPh 

| | Type (B), 

[C 6 H 4 Me-S0 2 H] [N(OH)(CH 3 )-CH 2 Ph] 


Precisely analogous decompositions were observed in the case 
of p -1oluenesulphonbenzylamide (II), only in this instance the 
benzylideneimine was largely hydrolysed to ammonia and benz- 
aldehyde, which underwent further change into benzoic acid (and, 
probably, benzyl alcohol) under the action of the alkali. 


/H C 6 H 4 Me-S0 3 H+NH 2 -CH 2 Ph Type (A) 

C 6 H 4 Me-S0 2 -N< 

<n.) \CH 2 Ph5^C 6 H 5 Me+K 2 S0 3 +NH:CHPh Type(B) 

In attempting to account for these remarkable reactions (Type B), 
we have formed the view that the decomposition with alkali, 
essentially an attack by negative hydroxyl ions, commences not at 
the sulphur atom (in spite, of its positive polarity), but at a carbon- 
hydrogen linking in an alkyl group attached to the nitrogen atom. 

Owing to the diminished additive power of the ionised double 
linkings in the sulphonic acid group (they are single linkings from 
the standpoint of co-valency), we regard the sulphur atom as largely 
protected from the direct attack of hydroxyl ions by the additive 
mechanism discussed by Gane and Ingold (this vol., p. 10) in con¬ 
nexion with the alkaline hydrolysis of carboxylic esters. The 
attack therefore commences, in the above instances, at the CH 2 
group in which, we believe, the hydrogen atoms are in a condition 
of incipient ionisation, ready to give up their nuclei (but not their 
electrons) to a hydroxyl ion to form undissociated water (compare 
Goss and Ingold, J., 1925, 127, 2777). As the extraction of a 
hydrogen ion from the benzyl group proceeds, a charged un¬ 
saturated residue is left, which in rearrangement necessarily gives a 
SchifFs base and splits off the ion of a sulphinic acid : 


PhCH*NMe-S0 2 *C 7 H 7 
H + OH' 


■ Pb9H-NMe-S0 2 -C 7 H 7 ' PbCHINMe + 

S0 2 -C,H 7 ' 


The changes here represented as taking place in steps are regarded 
as being actually continuous and simultaneous. According to this 
view r the^hydrbxylamiiie does not intervene in the formation of the 
ScbifFs base, but the ready dehydration of hydroxylamines to 
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SchifFs bases under the action of alkali can be explained by a some- 
what similar mechanism. 


In order to test the view that the attack by hydroxyl ions com- 
mences at the benzyl group, the sulphonamides C 6 H 4 Me-SO,-NMePh 
(IO) and C G H 4 Me-S0 2 -NHPh (IV) were treated with potash under 
the same conditions. 


In case (III), an opportunity still remains for the suggested 
mechanism to function if the attack could begin at one of the 
hydrogen atoms of the methyl group : the initial products would 
be toluenesulphinic acid and methyleneaniline, and the formation 
of these would be shown by the identification of toluene, sulphite, 
formaldehyde, and aniline. However, for reasons indicated below, 
the extraction of a hydrogen nucleus (ion) from the methyl group 
would be expected to offer much greater difficulty than its extraction 
from the benzyl group in examples (I) and (II). Consequently fission 
of Type (B) should occur only to a small extent or not at all. 
Actually a reaction of Type (B) can be detected, but the principal 
change is that which corresponds with Type (A).* 

In case (IV), the mechanism by which reaction (B) has been 
explamed cannot operate at all, and actually there is no evidence 
of fission to form a sulphinic acid, the observed decomposition being 
wholly of type (A). The occurrence of reaction (A) in the last two 
cases and, under the influence of acids (hydrogen ions), in all four 
cases, we attribute to the direct ionic fission of the sulphur-nitrogen 
bond, a process which occurs only when more facile modes of'decom- 
position are impossible. 


In our opinion, then, the remarkable action of alkalis on the 
sulphonamides (I) and (II) provides clear evidence of the occurrence 
of the benzyl hydrogen atoms in a state of incipient ionisation 
The cause of this condition we attribute to general polarity (Lewis)! 
the inherent tendency of hydrogen to function as a positive ion 
(separate as a proton) being augmented by the presence of a group 
such as phenyl, which is assumed to be capable of drawing electrons 
owards itself, thus leaving the hydrogen nuclei in a Ibosely-com- 
bmed, active state. This condition obtains in all ^-acids, and bears 
on the questions of hydrogen-tautomerism and meta-substitution 
(next paper). The opposite condition, in which a group, by allow- ' 

T± e t°Z t0 b , 6 Wittdrawn from ^ ~ses a pre-existing,, 
inherent tendency for an atom or group (e.g., hydroxyl) to separate 

as a negative ion, is similarly illustrated in abases, mobile hydroxyl 
tautomensm, and ortho-para-substitution (see next paper). In the 
first case, the activating group may be said to act as an “ electron. 

, that ’ °* ° ourse > and potassium sulphite are obtained 

m place of p-toluenesulphonic acid. 
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sink,” and in the second as an “ electron-source,” towards the rest 
of the molecule : 

H—>C—HO-<— C <—Y 

(i/t-acid) (ijj-base) 

Experimental. 

(I) Hydrolysis of p-Toliienesulphonbenzyhnethylamide (I),—The 
amide (8 g.) was cautiously warmed with moist fused potassium 
hydroxide (20 g.) during about 0-5 hour, the volatile decomposition 
products being distilled towards the end of that period. The 
distillate, on being dried and redistilled, gave two fractions, b. p. 
110—120° (a) and b. p. 180—190° ( b ). Fraction (a) (2*5 g.) had the 
odour of toluene, on redistillation boiled close to 110° and on 
nitration yielded 2 : 4-dinitrotoluene (m. p. 71°), which was identified 
by comparison with an authentic specimen. Fraction (b) (3*75 g.) 
consisted essentially of benzylidenemethylamine (Found : C, 80*4; 
H, 7*6. Calc.: C, 80*7; H, 7*0%). On treatment with dilute 
hydrochloric or nitric acid, an oil separated, which was identified 
as benzaldehyde by its odour, and semicarbazone (m. p. 224°, 
which is the correct m. p., not 214° as stated in the literature). 
The hydrochloric acid solution on evaporation gave methylamine 
hydrochloride (m. p. 226°; mixed m. p. with genuine specimen 
226°. Found: Cl, 52*0. Calc. : Cl, 52*6%), and similarly, the 
nitric acid solution yielded methylamine nitrate (m. p. 99—101°; 
mixed m. p. with genuine specimen 99—101°. Found: C, 13*0; 
H, 7*0. Calc.: C, 12*8; H, 6*7%). An authentic specimen of 
benzylidenemethylamine prepared as described by Zaunschirm 
{Annalen, 1888, 245, 281) behaved in the same way. The residual 
alkali on dilution and acidification evolved sulphur dioxide. 

(II) Hydrolysis of p- Tolumesulphonbenzylamide, (II).—The 
hydrolysis of 8 g. of this amide was carried out as in the previous 
case, but a considerable amount of ammonia was evolved. The 
volatile liquid products were shaken with dilute acid, and the 
undissolved portion was distilled; 0*9 g. of pure toluene was then 
obtained. The acid extract deposited benzaldehyde and gave 
ammonia on being made alkaline, so that the presence of benzalimine 
in the original distillate may be inferred. The residual alkali was 
extracted with ether to remove any neutral or basic products 
(which, however, were absent) and then acidified. The solution was 
■boiled to expel most of the sulphur dioxide and then extracted 
with ether. The solid residue (1*5 g.) from the ether consisted 
largely of benzoic acid contaminated by some substance or substances 
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which instantaneously decolorised permanganate and could only he 
removed by distillation (b. p. 240—245°/750 mm.) followed by several 
crystallisations from carbon disulphide and ligroin. (Pound: C, 68*6; 
H, 5*0; if, 120. Calc.: C, 68*9; H, 4*9%; M, 122). p-Cresol 
w r as searched for, but could not be detected. 

(III) Hydrolysis of -p-Toluenesulphonphenylmethylamide (III).— 
This amide , m. p. 93°, was prepared by the action of ^-toluene- 
sulphonyl chloride on a sample of Kahlbaum’s methylaniline which 
qualitative tests showed to contain no trace of a primary base. The 
hydrolysis of 8 g. was carried out as before, the gas evolved being 
passed through Schifi’s reagent acidified with dilute sulphuric acid, 
when a permanent red colour was produced. The volatile liquid 
products were separated into neutral and basic portions. The former 
was small in amount, had the odour of toluene, and yielded a solid 
which was identified as unchanged amide. The basic portion 
(2*9 g.) had b, p. 185—190°, and gave the qualitative reactions both 
of a primary and of a secondary base, and both aniline and methyl- 
aniline were identified as their p-toluenesulphonyl derivatives 
(Hinsberg’s method of separation). The alkaline residue on acidi¬ 
fication evolved sulphur dioxide, and extraction with ether yielded 
a dark oil which slowly deposited a small quantity of crystals, m. p. 
190—200° (0*1 g.). After crystallising twice from water, these 
yielded prisms, m. p. 210°, which were identified as p-hydroxybenzoic 
acid by analysis (Pound: C, 60*5; H, 5*0. Calc. : C, 60’8; H, 
4*4%) and comparison with a genuine specimen. The oil from 
which the crystals separated was distilled (b. p. 190—195°) and 
was identified as p-cresol by conversion into its benzoyl derivative. 
p-Hydroxybenzoic acid is known (Barth, Annalen, 1870,154,359) to 
be formed by the action of potassium hydroxide on p-cresol, 

(IV) Hydrolysis of p-Toluenesulphonanilide (IV).—This amide 
(8 g., m. p. 99°) was treated as in the previous cases and the products 
were separated similarly. The volatile portion of the hydrolysis 
products (3*7 g.) consisted of aniline, whilst the alkaline residue 
yielded p-qresol (3*0 g.) and p-hydroxybenzoic acid (0*1 g.), 

(V) Action of Potassium Hydroxide on Dibenzylhydroxylamme .— 
Dibenzylhydroxylamine (5 g.), prepared as described by Schramm 
(Ber. } 1883,16, 2104), was treated in the usual way, and the volatile 
products were isolated by distillation at 5 mm. Redistilled at 
2 mm., these gave a small fraction (a) boiling up to 160°, and a main 
fraction (6), b. p. 160°. Praction ( b ) consisted of benzylidene- 
benzylamine (Pound : C, 85*8; H, 7*2. Calc.: C, 86*1; H, 6*7%), 
since on treatment with dilute hydrochloric acid it gave benzaldehyde 
(identified as its semicarbazone) and benzylamine (identified as 
hydrochloride). Praction (a), although too small to purify, must 

yy*2 
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have contained much, of the same azomethine, since the same amine 
and aldehyde were obtained from it. 

We wish to thank the Chemical Society for a grant, with the aid 
of which part of the cost of this research has been met. 

The University, Leeds. [ Received , February 10 tk 9 1926.] 

CLXIX ,—The Nature of the Alternating Effect in 
Carbon Chains. Part V. A Discussion of Aromatic 
Substitution with Special Reference to the Respective 
Rdles of Polar and Non-polar Dissociation ; and a 
further Study of the Relative Directive Efficiencies 
of Oxygen and Nitrogen. 

By Christopheb Kelk Ingold and Edith Hilda Ingold. 

The preceding parts of this series describe a partial examination of 
the theories of the alternating polarisation of atoms (A), and of the 
alternating affinity content of valencies (B), as applied to aromatic 
substitution: 

t_r ' 

(A) -/ X '”\Z/“~ X (B) ‘ 

The criterion adopted was that, according to the first view, the 
more electronegative atoms of the series N, 0, P, should produce the 
larger effects (F>0>N), whilst, according to the second, the 
reverse should hold, the most es unsaturated ” atom being the most 
potent (N>0>F). 

In Part III, a comparison of benzylamines and benzyl ethers 
was recorded, from which it was concluded that nitrogen is more 
effective than oxygen, which appeared to agree with theory (B). 
Observations have since been made, however, which show that even 
this theory is not adequate without extension, and that special 
factors must enter into the problem of the orientation of substances 
in which the “key-atom” is separated from the nucleus by a chain 
of one or more carbon atoms. It is therefore necessary to examine 
the application of other considerations. Nevertheless, the general 
conclusion previously reached with regard to the directive efficiencies 
of oxygen and nitrogen accords with that to which the present experi¬ 
ments on the nitration of derivatives of o-ammophenol have led.* 

The results of these experiments are represented in the following 

* The ease of O versus F is dealt with in the following paper. 
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formulae, in which the figures connote material accounted for in 
units per cent, of the theoretical: 

1-5% 

23% 

5% 

13%/ 8 V HAc 

-VNHAc 

4%VNMeAc 

74%1^/OMe 

48%^ 6/ ]0Ac 

trace ? 

— 

— 

(Total: 88%.) 

(Total: 71%.) 

(Total; 73%.) 

(i.) 

(II.) 

(III.) 


It will be clear from these data that whether we disregard o-sub- 
stitution as possibly subject to special influences and consider only 
substitution in positions 4 and 5, or whether we accept the total 
op-direction by each group as the best measure of its efficiency, the 
group containing nitrogen is the more effective, for (except in case 
II, in which the total recovery is not very satisfactory) more than 
50% of the material was accounted for as the 5-nitro-derivative. 
Strictly speaking, these conclusions apply only to the cases dealt 
with, but it seems likely that they will hold fairly generally in the 
simpler analogous cases. Possible abnormality arising from 
indirect substitution via the amino-hydrogen atom is controlled by 
case (III), the results of which differ little from those of (I), and the 
differing effects of alkyl and acyl groups in modifying the directive 
efficiency of an oxygen or nitrogen atom are partly controlled by 
example (II). In any case, other data show that the distribution 
of alkyl and acyl groups in examples (I) and (III) is such as would 
handicap the nitrogen atom. 

The depressing effect of acyl as compared with alkyl groups on 
op-directive power may be illustrated by the 4-nitration of acetyl- 
guaiacol, 

/NoMe . /NoMe 
i^JOAc 1 NO/^JOAc’ 

and is of importance in connexion with Smedley’s formula for the 
carboxyl group (J., 1909, 95, 231), a modernised interpretation of 
which would involve the recognition of a betaine-like phase,* the 
bond joining the oxygen atoms being an electrovalency. In the 
carboxylamide group, the nitrogen atom will necessarily constitute 
the positive end of the betaine linking, and thus forms arise which 
(on any theory, and by analogy also) would be expected to diminish 
the tendency towards op-substitution : 

/Vnh} o /Vo} 6 

\mq \m 6 

* Or a condition corresponding with partial conversion into such a phase. 
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The low value found by Sugden (J., 1924, 125, 1185) for the 
parachor of the group C0 2 in carboxylic esters would then be attrib¬ 
uted to shrinkage arising from electrostatic attraction. 

The above results, whilst they appear inconsistent with the idea 
of alternating polar charges (A), agree either with Flurscheim’s 
theory of alternating affinity content (B), or with Robinson’s theory 
(Ghem, and Ind. } 1925, 44, 456) of op-substitution by electronic 
displacement in conjugated systems (C) * This theory leads to 
much the same key-efficiency series as Flurscheim’s, if residual 
affinity be interpreted as an indication of the presence of loosely 
held, active electrons. The arrows represent the assumed electron 
displacements originating in a latent valency: 




< ^ 
\_/ 


'Lk 




(C) 


It will be obvious that the distribution of forces here involved is 
qualitatively the same as that in Flurscheim’s theory, the completed 
change (C) corresponding with his figure for op-substitution : 


_/=\^ X 
\=/“ X 


\_/ x 


In applying these suggestive ideas to the cases of substitution 
previously described, we would regard the above formulae as ex¬ 
pressing only the direction of imaginary gross changes which actually 
do not at any time proceed to more than a limited (in some cases an 
exceedingly small) extent. This interpretation is placed upon the 
formulae partly to cover the case of direction by methyl, which, we 
assume, has not electrons available for a complete co-valency change 
(even a momentary one), and is expressed by a slight change of 
symbolism (0 1 ) 9 ’f* the dotted arrows representing electronic strain: 

(CzO (0,0 - (0,.) 

* Since the above Was written, a fuller statement has become available 
(this vol., p. 401). 

f In this formula, and those which follow, 5 4- and 5— are used to signify 
small fractions of a unit charge; n represents neutrality, and the signs -f 
and — connote unit charges. 
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It may then be supposed that the incipient negative polarisation 
of the o- and p-carbon atoms (in different electromeric phases) 
would be sufficient to attract the positive end of an incipiently 
ionised molecule (e.g., nitric acid or chlorine).* This corresponds 
with Flurscheim’s theory of molecular addition at a point by residual 
(not real) valencies, and may be termed the 44 directive process.” 
This having occurred, the tendency for hydrogen to unite as a 
positive ion (compare Part IV) with, for instance, hydroxyl or 
chlorine acting as a negative one, would lead to reaction in a 
four-cycle j (the “ subsequent change ”) with the unit electron 
displacements shown, and without the necessity for any further 
electronic displacement in the benzene system itself: 



“ j Directive process.” “ Subsequent change ” op-Substitution 

by positive 
groups. 

The case of m-substitution is regarded as an effect produced by 
groups which tend to withdraw electrons from the nucleus (loc. cit.). 
Combining this suggestion with the evidence, discussed in Part IV, 
of incipiently ionised hydrogen in combination with carbon, and of 
its extraction in the form of a true ion by the hydroxyl ion, the view 
may be expressed (formula C 2 ) that the meta-hydrogen atom in 
these cases reaches a state of incipient ionisation, owing to a pull on 
the electrons involved in its linking with the nucleus. The meta¬ 
carbon remains approximately neutral, and the attack of an incipi¬ 
ently ionised reagent therefore begins at the positively polarised 
hydrogen atom : J 


(<V> 


m -Substitution by 
positive groups. 

* Since ortho- versus para-substitution is not now under consideration, 
the operation of direct exchange with the ^-position is disregarded to 
abbreviate description. 

t a third molecule might enter into the reaction, giving a six-cycle. 

t The assumption of a less direct type of activation preceding m -substitu¬ 
tion is consistent with the generally smaller velocities of these reactions as 
compared with op-substitutions. 


o+- 

H-\ ^ 

HO—NO, 

5- 8+ * 

“ Directive process' 


H S 

Kic 


1 Subsequent change '' 
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Formula C 3 corresponds with the direction of negative ions to tho 
oppositions (Eobinson, loc. cit.) and need not be expanded, since 
the “ subsequent change ” may pursue different paths (leading to 
the same goal) according as the ionisation of the reagent is incipient, 
or actual * (hydrolysis of pchloronitrobenzene).f 

In applying these three principal directive effects, we bear in 
mind that they can determine only the (reversible) initial attraction 
of the reagent, and that the substitution cannot ensue unless the 
conditions necessary for the “ subsequent change 55 are present. 
An essential condition in cases C x and C 2 is that the displaced atom 
should be one ( e.g ., hydrogen) which tends to function as a positive 
ion, and can be extracted from the molecule as a positive ion under 
the conditions employed. Similarly, in C 3 the “ subsequent change ” 
can occur only if the expelled atom is one ( e.g ., chlorine) which tends 
to function as a negative ion and is capable of being removed in this 
form by the reagent used. The importance of these auxiliary con¬ 
ditions may be illustrated by the fact that, neglecting them, C 3 
necessitates that nitrobenzene and nitric acid should yield pnitro- 
phenol and nitrous acid, and many similar absurdities. 

Taking count of “ general 55 electronic restraint, subsidiary 
directive effects may be perceived which need not be stated. It 
has also to be remembered that the dissociation of a reagent into 
neutral atoms, or radicals, may lead to substitution in positions 
determined by the consideration that those neutral atoms (e.g., Cl) 
which have to gain electrons to form their stable ions will seek out 
negative centres, and in this respect simulate a positive group, and 
vice versa. This may well be the mechanism of chlorination by 
phosphorus pentachloride, iodine trichloride and aryliodide di- 

* In this case there can be no reaction in a cycle, and the tc subsequent 
change ” may involve a complete reversible conversion into the quinonoid 
condition. 

t Whether a particular group will act as an “ electron-source ” or e< electron 
sink ” (this vol., p. 1307) towards the benzene ring is, in general, determined 
by the fact that electronic strain can in each case operate only in one way 
if all octets are to be preserved. Thus -OMe is necessarily a source, and 
-CH:0 necessarily a sink so far as principal directive effects are concerned. 
Also, a fluorine atom directly attached to the ring can only act as a source 
by the mechanism considered, although in saturated chains it should act 
as a sink, tending towards separation as a negative ion (general polarity). 
For this reason, when directly joined to the nucleus, it acts as a source only 
with reluctance, i.e., is only feebly op-directing (compare following paper). 
Direction by methyl and vinyl are special cases which do not appear to be 
capable of determination a priori by generally recognised electronic principles, 
although experiment indicates that each functions as a source in aromatic 
substitution. 
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chlorides, each of the two loosely-held chlorine atoms in these 
compounds being regarded as bound by a single electron (compare 
Prideaux, Chem. and Ind., 1923, 42, 672) and as in a state of 
incipient atomic dissociation of the following kind : * 


r:i . : 

(*-> 


• • ••• 

e:i: + 2Ci* 
• • • 

(») (n) 


Again, the equation indicates'only the direction, and not the extent, 
of the change (i.e., dissociation) necessary to initiate reaction. Thus 
it happens that chlorine, although negative (0*5 unit charge) in the 
original group, tends to separate as a neutral atom which so desires 
an electron that it simulates a positive group. Thus the apparent 
anomaly of negative chlorine leaving positive iodine or phosphorus 
to become attached to negative carbon is explained. On this view, 
chlorination through the neutral atom can take place in system C x , 
but not in C 2 or C a , since only the first contains a negative centre; 
accordingly, phosphorus pentachloride readily chlorinates anisole 
in the ^-position, but has no action on nitrobenzene. 

The apparently anomalous introduction of the “ negative 99 
hydroxyl group into the op-positions of phenols, etc., in electrolytic 
oxidation is evidently an analogous phenomenon. If the substance 
oxidised is stable to alkalis (as is usually the case), the hydroxyl 
ion has, of course, no action; but when the anode strips an electron 
from it, it becomes a neutral free radical with a septet, and hence 
attacks the incipiently negative carbon atoms of the aromatic 
compound. Again, mechanism C x can function (op-substitution) 
but not C 2 (m-substitution), which corresponds precisely with 
ascertained fact: many electrolytic op-oxidations are on record, but, 
so far as we are aware, no m-oxidations. 

Sulphuryl chloride may be regarded as having two electromeric 
forms, the stable one containing two semipolar double bonds (X), 
and the other only one semipolar double bond and two semipolar 
single bonds (Y), It is the latter which contains the labile chlorine, 
and it would be this form rather than the first which is concerned in 
chlorination by sulphuryl chloride. The action of this reagent is 
therefore not anomalous (compare Flurscheim, Ghem . and Ind ♦, 

* The small electrical conductivity of phosphorus pentachloride in nitro. 
benzene (Holroyd, Chadwick, and Mitchell, J., 1925, 127, 2492) appears to 

favour this view, as against the ionic structure (Pct 4 )Cl. The bonds by 
which the labile chlorine atoms are held might be termed “ semi-polar single 
bonds ” and written-^to avoid the use of signs such as and J—. 
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1925, 44, 172, 427; Robinson, ibid., p. 259); it is another instance 
of attack by a neutral radical: 

srCl Cl 

C\U f' 

(X) 0^=S=5:0 0=S=0 (Y) 

(Stable*) (Unstable.) 

Thus, in conformity with the two known kinds of dissociation of 
co-valency compounds, it is suggested that both polar and non¬ 
polar dissociation may be concerned in aromatic substitution, the 
main determining condition being the electronic constitution of 
the reagent. This view, we think, interprets the data more con¬ 
sistently than is possible by means either of a purely ionic or of a 
purely non-ionic conception; it is advanced, however, mainly to 
facilitate discussion, for it is clear that the main principles, even if 
true, must be held as subject to possible modifications arising from 
other influences. 

Experimental. 

(I) Nitration of Aceto-o-anisidide. 

Mulhauser (Annalen, 1899, 207, 242) nitrated aceto-o-anisidide 
and obtained a mononitro-derivative, m. p. 143°. Meldola, Woolcott, 
and Wray (J., 1896, 69, 1330) found m, p. 145—146°, and suggested 
that it was the 5-nitro-derivative (for numbering, see Formula I, 
p. 1311) but did not prove this orientation. The Fabrik de Produits 
Chimique de Thann et de Mulhause (D,R-P. 98637) stated that the 
substance was in reality a mixture of two isomerides, m. p. 153° 
and 131—132° respectively. We find that, whilst the first of these 
is a pure compound, identical with 5-nitroaceto-o-anisidide syn¬ 
thesised by Vermeulen {Bee. trav. chim., 1905, 25, 12), the second is 
a mixture containing, besides the 5-nitro-compound, its 4-nitro- 
isomeride, m. p. 174—175°. Small quantities of the 3-nitro-com- 
pound, m. p. 158—159°, and, probably, of the 6-nitro-compound, 
m. p. 103—104°, are also produced in the nitration. The 4-nitro- 
compound was synthesised by Meldola, Woolcott, and Wray (toe. cit.) 
and by Vermeulen ( loc. eit.). The properties of the 3- and 6-nitro- 
derivatives and their orientation are described below. 

Qualitative Separations. —(I) A well-cooled solution of 1*8 c.c. of 
nitric acid (d 1;5) in 5 c.c. of acetic anhydride was added to the 
paste obtained by cooling a solution of 5 g. of acetanisidide in 10 c.c. 
of acetic anhydride to 0°. Heat was generated, but the temperature 
was not allowed to rise above 45°, The mixture was kept at the 
^ordinary temperature for 24 hours and, after addition of water, 
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shaken to destroy acetic anhydride. The solid product (6*0 g.) was 
subjected to about 20 fractional crystallisations from absolute 
alcohol, which yielded the following apparently pure substances, 
here named in the order of their appearance : (a) large, stout, 
prisms, m. p. 153—154° (2*0 g.); (6) long, silky needles, m. p. 
173*5—175° (0*1 g.); (c) rosettes of small needles, m. p. 129—131° 
(0*5 g.). By direct comparison (a) was shown to be 5-nitroaceto-o- 
anisidide, and (b) 4-nitroaceto-o-anisidide. The crystals (c) we assume 
to be identical with the product, m. p. 131—132°, described in 
D.R.-P. 98637, but direct comparison showed that it was neither 
3-, 4-, 5-, nor 6-nitroaceto-o-anisidide. It had the correct com¬ 
position (Found: C, 5T7; H, 4*9. C 9 H 10 O 4 N 2 requires C, 5T4; 
H, 4*8%), and, since its m. p. was depressed by the addition of the 

3- and 6-nitro - compounds and raised by the addition of either the 

4- or the 5-derivative, we regard it as a difficultly separable mixture 

of the last two isomerides. After hydrolysis of the acetyl group, 
the corresponding free bases can be separated in the pure condition, 
the 5-derivative being isolated in larger quantity than the 4-iso- 
meride. * 

(II) Another experiment using 40 g. of aceto-o-anisidide was 
carried out in the same way, excepting that the most soluble fractions 
obtained after a rough separation were combined with the product 
isolated by neutralising the dilute acetic acid solution and ex¬ 
traction with ether, and fractionally crystallised as completely as 
possible. Fractions identical with (a) and (c) were obtained, and 
also a very small amount of a substance, m. p. 99—103°, which did 
not depress the m. p. (103—104°) of synthetic 6-nitroaceto-o- 
anisidide, but was insufficient for analysis. 

Further experiments did not lead to the isolation of the 3-isomeride, 
although the presence of this was proved indirectly. 

3-Nitroaceto~o~mmdide. —3-Nitro - ON - diacetyl - o - aminophenol 
(see below) (0*5 g.) was treated at 30—40° with 2 c.c. of cold 
2A-sodium hydroxide and the deep red solution was shaken with 
successive small quantities of methyl sulphate, additional alkali 
being added as it became necessary. When the red colour had given 
place to lemon-yellow, the precipitate was collected and crystallised 
from alcohol; pale yellow needles, m. p. 158—159°, were then 
obtained (Found: C, 51*7; H, 4*8. C 9 H 10 O 4 N 2 requires C, 51*4; 
H, 4*8%). The m. p. of this substance was depressed 20° to 60° 
by the addition of its isomerides, 4-, 5-, and 6-nitroaceto-o-anisidide. 
Since the 4-, 5-, and 6-compounds were all synthesised by methods 
which showed their constitutions, the orientation of the 3-derivative 
follows. It was confirmed by conversion of the substance into 
3-nitroguaiacol by boiling for 36 hours with 2A-sodium hydroxide 
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and acidifying the resulting solution. This guaiacol was not syn¬ 
thesised for comparison, but the specimen obtained had the m. p, 
(60—61°) and properties recorded in the literature, and had the large 
volatility with steam characteristic of o-nitrophenols (see below). 
The base, 3-nitro-o-anisidine, was obtained by heating the acetyl 
derivative for 30 minutes with 20% hydrochloric acid on the 
steam-bath and extracting the product with ether from the solution 
basified with ammonia. The same base was obtained along with 
3-nitroguaiaeol when the acetyl compound was boiled for 6 hours 
with 2A-aqueous sodium hydroxide. It separated from alcohol in 
bright scarlet needles, m. p. 75—76° (Found: C, 50-0; H, 4-8, 
CjHgOgKj requires C, 50-0; H, 4*8%). 

4- Nitroaceto~o*anisidide. —This was prepared by Meldola, Wool- 
cott, and Wray’s method (toe. tit.). It had m, p. 174—175°, and the 
corresponding free base, m. p. 117—118°. On boiling either the 
base or its acetyl derivative for 30 hours with 2A-aqueous sodium 
hydroxide under the conditions in which the 3- and 5-isomerides 
yield nitroguaiacols, deep-seated decomposition took place, although 
some unchanged base was recovered. A specimen of 4-nitroguaiacol, 
m. p, 103—104°, was prepared by the direct nitration of acetyl- 
guaiacol (Reverdin and Crepieux, Ber., 1903, 36, 2258; 1906, 39, 
4232; Paul, Ber., 1906, 39,2779) but, even on seeding with a crystal 
of this, the same compound could not be obtained from the small 
quantity of acidic tar isolated from the product of hydrolysis. A 
few crystals, m. p. 80—90°, were obtained, but the amount was 
insufficient for purification. 

5- Nitroaceto-o-anisidide .—Vermeulen’s method (loc. cit.) was used 
for the preparation of this substance, which was obtained in large, 
pale yellow, nearly cubical prisms, m. p. 153—154°. On cooling 
a solution of it in warm concentrated hydrochloric acid, a sandy 
precipitate was obtained, which on treatment with water turned 
yellow. Its solution in much boiling water was rendered alkaline 
with sodium carbonate and cooled; the free base then separated as 
golden-yellow, flattened needles, m. p. 139—140°. On boiling for 
36 hours with 22V-aqueous sodium hydroxide, either the acetyl 
derivative or the base is converted fairly smoothly into 5-nitro- 
guaiacol, which is precipitated on acidification, the filtrate contain¬ 
ing a further quantity isolable by extraction with ether. This 
nitroguaiacol had m. p. 99—100° and depressed the m. p. of 
4-nitroguaiaeoL 

f>-Nitroaceto-o-anisidide was synthesised from 2: 6-dinitroanisole 
; lay partial reduction and acetylation of the nitro-base. An alcoholic 
; jsointion of 2 ; 6-dinitroanisole was treated for 30 minutes with a 
j rapid stream of hydrogen sulphide. During the first 10 minutes 
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much heat was developed. Water was added, and the base ex¬ 
tracted from the precipitate by digestion with 20% hydrochloric 
acid, from which it was reprecipitated on addition of ammonia. 
Having been dried as rapidly as possible, the crude base was re¬ 
peatedly extracted with boiling ligroin until the extracts failed to 
crystallise on cooling. 6-A T itro-o-anisidine was thus obtained as 
bright yellow, flattened needles, m. p. 65—66°, a further quantity 
being recoverable from the ligroin solution. An additional crystal¬ 
lisation from ligroin raised the m. p. to 67 3 (Found : C, 50*0; H, 4*7. 
C 7 H 8 0flN 2 requires C, 50*0; H, 4*8%). The acetyl derivative was 
obtained by boiling the base for 2 hours with acetic anhydride, 
and crystallised from methyl alcohol or dilute acetic acid in pale 
yellow prisms, m. p. 103—104° (Found : C, 51*5; H, 4*8. C 8 H 10 O 4 N 2 
requires C, 51*4; H, 4*8%). Attempts to convert either of these 
substances into 6-nitroguaiacol by the method used for the corre¬ 
sponding reaction in the 5-series led to deep-seated decomposition 
and products from which no crystalline substance could be isolated. 

Attempted Estimation of the Proportions of the Isomerides .—(i) The 
nitration of 40 g. of aceto-o-anisidide was carried out in acetic 
anhydride as described above and the product allowed to crystallise 
over-night, when 9*1 g. of the 5-nitro-compound separated. The 
acetic anhydride was then removed by desiccation at a low pressure 
over potassium hydroxide. The residue was fractionally crystallised 
from alcohol, and a further quantity of 5-nitro-compound (1*5 g.) 
and some 4-nitro-compound (1*0 g.) were obtained. The weights 
are those of the fully purified isomerides. The unseparated residue 
was hydrolysed with hydrochloric acid and the bases were fractionated 
from alcohol, the 5-nitro-base (3*7 g.) and the 4-nitro-base (0*65 g.) 
being isolated. The unseparated portions were reacetylated and 
by further crystallisation the 5-nitro-acetyl derivative (2*1 g.) and 
its 4-isomeride (1*4 g.) were obtained. About 1 g. of a mixture 
remained which was not resolved. The total pure substances 
isolated corresponded with 68% of 5-nitro-compound and 13% of 
4-mtro-compound. 

(ii) In a similar experiment to the above, 37% of 5-nitroaceto-o- 
anisidide separated from the acetic anhydride. The residue obtained 
on complete evaporation was boiled for 36 hours with 10 times its 
weight of 2i\ T -sodium hydroxide, and the resulting solution diluted 
to dissolve the red, rather sparingly soluble sodium salt of 5-nitro- 
gaaiacol, and extracted with ether. The bases thus recovered 
(2*8 g., and in another similar experiment 3*5 g.) were contaminated 
with products of deep-seated decomposition, but yielded some 
crystalline 4-nitroanisidine. On acidification of the alkaline solu¬ 
tion 5-nitroguaiacol (11*2 g.), m. p. 96—99°, was obtained, and the 
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mother-liquors yielded a mixture of guaiacols, which were recovered 
by extraction with ether and purified and partly separated by dis¬ 
tillation in steam. Experiments with artificial mixtures of 3-nitro- 
guaiacol and 5-nitroguaiacol showed that the former passed over 
completely in the early stages of distillation, but that a small 
quantity of the latter was present in all fractions. Further experi¬ 
ments to determine the volatility of 5-nitroguaiacol in steam 
indicated that, under the usual conditions of distillation, the steam 
reaching the condenser is not quite saturated; but by working 
under uniform conditions as regards apparatus and rate of distillation 
a fairly consistent figure of 1-20 g. per litre was obtained and this 
was regarded as sufficiently accurate in experiments carried out 
under like conditions. In the distillation of the mixed guaiaeols 
described above, the first 500 c.c. of distillate yielded 1*26 g., m. p. 
60—80°, whilst the succeeding 500 c.c. fractions each gave 0*6 g., 
m. p. 97—100°, so that 0*66 g. of the more volatile 3-nitroguaiacol 
was assumed to be present in the original mixture. This corre¬ 
sponded with a yield of 1*5%, whilst the total quantity of 5-nitro¬ 
guaiacol was equivalent to 37% of the theoretical, a further 37% 
of 5-nitroaceto-o-anisidine having been also obtained as described 
above. 

Combining these results, it follows that in the original nitrations 
the 5-nitro-derivative was formed to the extent of at least 74%, the 
4-nitro-eompound to the extent of at least 13% and the 3-isomeride 
to the extent of about 1*5%, a small quantity of the 6-compound 
probably also being produced. The total yield was 88*5%. 

(II) Nitration of ON-D iacetyl-o^aminophenol. 

The nitration of ON - diacetyl-o-aminophenol was carried out by 
Meldola, Woolcott, and Wray (loc. cit.), who isolated the 5-nitro- 
derivative, m. p. 189°, which they definitely oriented. They did 
not notice the formation of a second isomeride. Our attempts to 
follow their method yielded either dimtro-compound, or mixtures of 
unchanged material with mono- and di-nitro-derivatives. On the 
other hand, treatment with the theoretical quantity of nitric acid 
in warm acetic anhydride led to smooth mononitration. 

Dinitration .—A solution of the diacetyl compound (10 g.) in a 
mixture of 40 c.c. of ordinary concentrated nitric acid and 20 c.c. 
of fuming acid at —5° was kept for 2 hours at 2—4°, and ice then 
added. The precipitate, which was collected on the next day, 
crystallised from boiling water in long, yellow needles, m. p. 202°. 
Since analysis (Found: C, 40-2,; H, 3*2; N, 17-8. C 8 H 7 0 6 N 3 
requires C, 39*8; H, 2*9; N, 17*5%) indicated that one acetyl 
group had been eliminated, and the substance gave an immediate 
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precipitate of the red potassium salt when treated in alcoholic 
suspension with cold dilute-potassium hydroxide solution, we regard 
it as 3: Q-dvnitro-TS-acetyl-o-aminopheiiol. The compound was 
not definitely oriented, but the positions of the nitro-groups are 
inferred from the study of the mononitration of diaeetylaminophenol 
described below. 

Mononitration. Qualitative Separation of Isomerides .—The paste 
obtained by cooling a solution of diacetyl-o-aminophenol (20 g.) in 
acetic anhydride (40 g.) to 15° was treated gradually with an ice- 
cold mixture of 5 c.c. of nitric acid (d 1*5) and 20 c.c. of acetic 
anhydride. The crystals dissolved and the temperature rose 
rapidly, but was kept from exceeding 35° by external cooling. 
When self-heating had ceased, the mixture was allowed to cool to 
the ordinary temperature; a stiff paste of yellow crystals then 
formed. Several hours later, the acetic anhydride was destroyed 
by shaking with water, and the solid product, m. p. 140—160°, 
collected. This was fractionally extracted with boiling alcohol; 
the less soluble product, m. p. 165—180°, thus obtained, after four 
crystallisations from alcohol, yielded very characteristic, long, pale 
yellow needles, resembling glass wool, the m. p., 189°, of which was 
not further changed by crystallisation. The more soluble fractions 
were subjected to a prolonged series of fractional crystallisations 
from alcohol, when stout, pale yellow tablets, m. p. 183°, were 
obtained. The isolation of these was facilitated by the observation 
that, after slow crystallisation, they could be partly separated from 
the filamental needles by shaking and rapidly decanting the mother- 
liquor, but the process was slow, and after about 40 crystallisations, 
only 6*0 g. of the needles, m. p. 189°, and 3*1 g. of the tablets, m. p. 
183°, had been obtained. Needles, m. p. about 160°, were also 
obtained, but these appeared to be a difficultly separable mixture of 
which the needles, m. p. 189°, formed one constituent. 

S-Nitro-ON-diacetyl-o-aminophenol .—This constitution is assigned 
to the tablets, m. p. 183° (Found : C, 50*3; H, 4*1. C 10 H 10 O 5 N 2 
requires C, 50*4; H, 4*2%), since the corresponding free phenol is 
converted by methylation into 3-nitroaceto-o-amsidide, the orient¬ 
ation of which is described above. d-Nitro-o-acetylaminophenol 
was formed as its sodium salt when the acetyl compound (0*5 g.) 
was treated with 2 c.c. of 2N -aqueous sodium hydroxide. The 
temperature rose to 40° and the solid dissolved, but the deep red 
solution did not crystallise. The phenol was precipitated on 
acidification and crystallised from hot water in orange-yellow 
needles, m. p. 169°. 

4c-Nitro-ON-diacetyl-o-a?nmophenol. —4-Nitro-o-aminophenoI (3 g., 
obtained by reduction of 2 : 4-dinitrophenol with hydrogen sulphide) 
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was boiled with acetic anhydride (4*5 g.) and acetic acid (2 g.) for 
2 hours. The excess of acetic acid was removed over potassium 
hydroxide in an evacuated desiccator, and the solid product drained 
on porous porcelain and crystallised twice from ethyl alcohol, when 
needles, m. p. 183—184°, were obtained (Found : C, 50*2; H, 4*2. 
C 10 H 10 O 5 N 2 requires C, 50*4; H, 4*2%). 4-A itro-o-acetylamino- 
phenol was prepared as in the preceding series, but it yielded an 
orange sodium salt which separated from the alkaline solution in 
rosettes of needles. The free phenol crystallised from alcohol in 
colourless prisms, m. p. 278° (decomp.) (Found: G, 48*8; H, 4*1. 
C 8 H 8 0 4 X 2 requires C, 49*0; H, 4*1%). 

5-Nitro-Qlif-diacetyl-o-aminophenol. —This structure is assigned 
to the filamental needles, m. p. 189°, obtained by nitration, since 
the corresponding phenol on methylation gave 5-nitroaceto-o- 
anisidide. o-Nitro-o-acetylaminophenol was prepared as in the last 
case. Crimson needles separated from the alkaline solution, which, 
on addition of water and acid, yielded the phenol. After crystal¬ 
lisation from ethyl alcohol, this was obtained in small, yellow 
prisms, m. p. 269° (deeomp.) (Found : C, 48*8; H, 4*1. C 8 H 8 0 4 N 2 
requires C, 49*0; H, 4*0%). 

Attempted Estimation of the Proportions of 3- and 5-Nitro-derivat ives . 
—The nitration of diacetylaminophenol (40 g.) was carried out as 
described above, and the acetic anhydride removed in a vacuum, 
without separation of the part of the nitration product which 
crystallised spontaneously, since this was a mixture of isomerides. 
The solid residue was mixed with 120 c.c. of water and 180 c.c. of 
4ZV T -aqueous potassium hydroxide, the temperature being kept 
below 35°. When the decomposition (elimination of the O-acetyl 
group) was completed, the deep red liquid was acidified and the 
precipitated phenols were collected; a small additional quantity 
of solid was obtained by extracting the mother-liquor with ether. 
The whole solid was then mixed with 100 c.c. of 2A-potassium 
hydroxide and shaken at 25—35° with 10 c.c. of methyl sulphate. 
The methylation was almost complete in an hour, and was finished 
with the aid of small additional amounts of methyl sulphate and 
alkali. The precipitated solid was washed with water, boiled for 
36 hours with 400 c.c. of 2A-aqueous potassium hydroxide (ammonia 
ceased to be evolved after the first 24 hours), and the cooled product 
extracted with ether to remove unchanged bases, and basic tars 
(7*0 g.). After the dissolved ether had been removed in a current 
of air, the solution was acidified. The mixed guaiacols thus pre¬ 
cipitated were kept in contact with the mother-liquor for 24 hours 
to become thoroughly crystalline, and then collected, the dissolved 
being isolated by extraction with ether (total 25 g.). They 
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were separated and estimated by steam distillation, as described in 
the previous example. In this case, owing to the relatively large 
proportion in which it was present, the O-compound crystallised 
(5*8 g.) in a pure form (orange needles, m. p. 60—61°) from the 
first 2 L of distillate. A further 2*2 g. was estimated to be present 
in solution in the first 3 1. of distillate, by extracting it with pure 
ether and correcting for the volatility in steam of the ^-compound 
with which it was contaminated. Of this 2*2 g., about 1*1 g. were 
separated in the pure condition by fractional crystallisation from 
water. The distillate following the first 3 L contained only the 
^-compound which, without crystallisation, melted at 96—99° and, 
after crystallisation, at 99—100°. These yields correspond with 
23% of 3-nitrodiacetylaminophenol and 48% of the 5-nitro-com- 
pound. No solid product could be isolated from the tarry basic 
fraction, so the quantity of 4- and 6-derivatives formed is left 
undetermined. 

(Ill) Nitration of N-Methylaceto-o-Anisidide, 

N -Methyl-o-anisidine was prepared by methylating the formyl 
derivative of o-anisidine and, after hydrolysis of the formyl group, 
was isolated by means of the nitrosoamine, which was reduced 
to the secondary base as described by Diepolder (Ber., 1899, 32, 
3olo). 

TS-Methylaceio-o-anisidide was prepared by boiling the base for 
2 hours with a slight excess of acetic anhydride and distilling the 
product. The fraction, b. p. 158—160°, set on cooling to a mass of 
large, inclined prisms, m. p. 46—50°, which, after crystallisation from 
ether-ligroin, melted at 51—53° (Found: C, 67*4; H, 7*3. 
C^H^O^N requires C, 67*0; H, 7-3%). 

Mononitration : Isolation of 5-Nitro- 3 4-Nitro~, arid 3- or 6-Nitro- 
derivatives .—A cooled mixture of fuming nitric acid (2*5 c.c.) and 
acetic anhydride (12 c.e.) was added to N-methylaeeto-o-anisidide 
(10 g.) dissolved in acetic anhydride (24 c,e,), the temperature being 
kept below 35°. Two methods of isolating the crude nitration pro¬ 
duct were employed. (i) The solution was poured into water, shaken 
to decompose the acetic anhydride, and made alkaline with sodium 
carbonate. Any solid which separated was collected, and the 
filtrate extracted with ether. The extract was dried with calcium 
chloride and reduced by evaporation to a small bulk, the crystals 
being separated fractionally, (ii) The acetic anhydride was removed 
by evaporation in a vacuum over potassium hydroxide. 

Methylaceto-o-anisidide (20 g.) on nitration, followed by treat¬ 
ment in accordance with method (i), yielded 12*5 g. of a crystalline 
solid, m. p. 117—119°, which on crystallisation from ether formed 
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pale yellow prisms, m. p. 119—120*5°. This was shown to be 
o-nitro-13-methyleweto-o-anisidide by direct comparison with a 
specimen synthesised as described below (Found : C, 53*8; H. 5*4. 
C 10 H 12 O 4 lSr 2 requires 0, 53*6; H, 5*4%). 

On evaporating the ethereal extract to small bulk, very pale 
yellow prisms, m. p. 120—125°, which depressed the m. p. of the 
5-nitro-compound, separated (0*9 g.). On crystallisation from 
benzene-ligroin the m. p. was raised to 126*5—127*5°. This 
substance was identified as 4:-nitro-^-methylaceto-o-anisidide by 
comparison with a specimen synthesised as described below (Found : 
C, 53*8; H, 5*4; N, 12*7. C 10 H 12 O 4 N 2 requires C, 53*6; H, 5*4; 

N,12-5%). 

The ethereal solution from which this had separated, on cooling 
to —15°, deposited crystals (1*6 g.), m. p. 98—99°, from which 
0*65 g. of pure 5-nitro-compound was separated by fractional 
crystallisation. The second substance present in this fraction 
could not be definitely identified. 

On long standing, the residual ethereal solution deposited large, 
colourless prisms, m. p. 103—105°, which after crystallisation from 
ether melted at 105—106° (0*08 g.). This m. p. was not changed by 
further crystallisation (Found: C, 53*6; H, 5*3. C 10 H 12 0 4 N 2 
requires C, 53*6; H, 5*4%). We believe this substance to be 

5- nitro-^-methylaceto-o-anisidide, which is certainly formed in the 
nitration (see below), but there is no definite proof that it is not the 

6- nitro-isomeride. A further quantity of these crystals (0*16 g.) 
separated after a few weeks, but the remainder of the nitration 
product refused to crystallise. The compound, m. p. 105—106°, 
yielded on hydrolysis a base melting at about the ordinary temper- 
ature, but the quantity obtained was too small for purification. In 
another nitration carried out as far as possible under similar con¬ 
ditions, none of the above nitro-compound was isolated, only the 
4-derivative, m. p. 126*5—127*5°, being obtained on cooling the 
ethereal solution to >—20°. 

Preliminary experiments having shown that 5-mtro-A-methyl- 
aceto-o-anisidide only slowly evolves methylamine on boiling with 
2A-alkaIi, but that this reaction occurs at 120° in sealed tubes 
(although not so smoothly as the analogous reaction described 
previously), the presence of 3-nitro-J\ T -methylaceto-o-anisidide was 
proved by the following experiment. N -Methylaceto-o-anisidide 
(7*3 g.) was nitrated in the usual way, and the product treated in 
accordance with method (ii). The crude product (8*7 g.; theory 
9-0 g.) having partly crystallised (4*3 g. of the 5-nitro-derivative), a 
portion (3*4 g.) of the mechanically separated oil was heated with 
3® c.e, of 22v r -aqueous potassium hydroxide for 12*5 hours at 120°. 
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After extraction of the basic portion * (1-0 g.) with ether, the solu¬ 
tion was acidified and the guaiacols (1-8 g.) were extracted. Frac¬ 
tional distillation in steam indicated the presence of 0*29 g. of 
3-nitroguaiacol, and a small portion of this was obtained from the 
early fractions of the steam distillate; after crystallisation from 
water, it was identified by comparison and a mixed m. p. determin¬ 
ation with the specimen obtained as described previously. 

o-Nitro-ls-methyl-o-anisidine. —The acetyl derivative (above) 
(0*9 g.) was heated with concentrated hydrochloric acid for 1*5 
hours on the steam-bath, and the reaction completed by boiling for 
45 minutes. Neutralisation with ammonia precipitated the base, 
which separated from methyl alcohol or light petroleum in long, 
bright yellow, flattened needles, m. p. 101—102°. It was identified 
as 5-nitro-A T -methyl-o-anisidine by comparison with a specimen 
prepared by synthesis (below) (Found : C, 52-6; H; 5*4. ^8^10^3^ 
requires G, 52*7; H, 5*5%). 

4- jV itro-'N-methyl-o-anisidine. —Prepared in the same way from 
its acetyl derivative (above), this base separated from light petroleum 
in orange, hair-like crystals, m. p. 87°, which were identified by 
comparison with a synthesised specimen (below) (Found : C, 52*6; 
H, 5*5. C8H 10 O 3 N 2 requires C, 52*7; H, 5*5%). 

Synthesis of 5-Nitro-'N-methyl-o-anisidine .—5-Nitroanisidine (1 g.), 
methyl iodide (0*9 g.), and methyl alcohol (2 c.c.) were heated 
together for 1*5 hours at 100° in a sealed tube. The alcohol was 
then evaporated, and dilute potassium hydroxide was added to 
precipitate the bases which, after partial purification with chloro¬ 
form, yielded the secondary base on crystallisation from dilute 
methyl alcohol and from light petroleum. 

Synthesis of 4:-Nitro-N-methylaceto-o-anisidide and 4-Niiro-NN- 
dimethyl-o-anisidine, 4:-Nitro-T$-methyl-o-anisidine, and 4c-Nitro-3(or 
5)-methylaAeto-o-anisidide> —4-Nitroanisidine (6 g.), methyl iodide 
(5*4 g.), and methyl alcohol (12 c.c.) were heated for 2 hours at 100°, 
and the mixture of bases was isolated, as in the previous preparation. 
Many attempts were made to separate these by fractional crystal¬ 
lisation, but without success, and the mixture was therefore heated 
with acetic anhydride for 45 hours. After the excess of this reagent 
had been evaporated, water was added and the mixture made 
alkaline with sodium carbonate and extracted with ether, the extract 

* As in the two cases previously described, the bases recovered after alkali 
treatment contained products of some more complex change than the mere 
elimination of an acetyl group from the 4- or 6-nitro-derivative. In this 
experiment, the basic fraction, even after distillation and attempted acetyl¬ 
ation, yielded liquids which could not be crystallised and the nature of which 
was not revealed by analysis. 
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being -washed with 15% hydrochloric acid. This was intended to 
remove the tertiary base from the mixture of acetyl compounds of 
the primary and secondary bases, and in the earlier experiments by 
this method 4:-nitro-WS-dimethyl-o-ani$idi?ie was isolated in this 
way, the material obtained by basifying the hydrochloric acid 
solution and extraction with ether setting to a solid mass, which, on 
crystallisation from ligroin, yielded bright yellow, short needles, 
m. p. 3S—39*5° (Found : C, 54*7; H, 6*0. C 9 H 19 0 3 N 2 requires 
C, 55*1; H, 6*1%). 

In certain subsequent experiments, carried out as far as possible 
under the same conditions, the bases obtained from the hydrochloric 
acid extract did not solidify immediately, but on keeping for several 
weeks in an evacuated desiccator, partly crystallised. The crystals 
thus obtained separated from benzene-ligroin in very pale yellow 
prisms, m. p. 127—128°, which did not depress the in. p. of the 
specimen of 4-iiitro-l$-methylaceto-o-anisidide obtained by nitration. 
On hydrolysis with hydrochloric acid, the substance yielded 4^-nitro- 
T&-methyl-o-anisidine , m. p. 87°, which was similarly identified with 
the base prepared from the 4-nitration product. As an isomeric 
base, in which the methyl group has apparently migrated to the 
ring, was also isolated in the course of these experiments (see below), 
the secondary character of this base, m. p. 87°, was confirmed by the 
preparation of its niirosoamine , which was precipitated at once 
when sodium nitrite was added to a solution of the hydrochloride. 
Crystallised from benzene-ligroin, this compound formed very pale 
yellow needles, m. p. 119—120° (Found: N, 20*3. C 8 H 9 0 4 N 3 
requires N, 19*9%). From these experiments, it must be concluded 
that 4-nitro-A r -methylaceto-o-anisidide is fairly easily soluble in 
hydrochloric acid of the strength used. The oil from which the 
crystals of this compound were obtained set, some weeks later, to a 
solid mass consisting principally of the tertiary base described above. 

The ethereal solution from which the above-mentioned substances 
were extracted by hydrochloric acid, on evaporation, yielded a solid 
residue which examination with a lens showed to contain at least 
two compounds. One of these was easily separated by fractional 
crystallisation and proved to be the acetyl derivative of the original 
primary base. The second compound was separated partly by 
crystallisation and partly mechanically, and, after a final crystal¬ 
lisation from benzene-ligroin, was obtained as pearly plates, m. p. 
127—128°. It therefore had the same m. p. as 4-nitro-j\ r -methyl- 
aceto-o-anisidide, but its crystalline form was entirely different, and 
a mixture of the two compounds melted at about 100°. Analysis 
showed the new compound to be an isomeride (Found: C, 53*2; 

| 5-1; 3Sf, 12*2. C 10 H 12 O 4 N 2 requires C, 53*6; H, 5*4; N, 12*5%), 
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and it must therefore be 4-m*iro-3(or 5)- methylaceto-o-anisidide , a 
methyl group having wandered to the ring. To confirm this, the 
compound was boiled with hydrochloric acid for 0*5 hour to eliminate 
the acetyl group, and the hydrochloride of the base diazotised in the 
usual way* No precipitate separated, indicating that secondary 
bases were absent, but on pouring the product into alkaline (3-naph- 
thol solution, a deep crimson dye was immediately precipitated. 

Action of Methyl Iodide on itro-o-cmisidine. —The base (2*2 g.), 

methyl iodide (2*0 g.), and mfthyl alcohol (4*5 c.c.) were heated 
together, and the products treated as in the methylation of 4-nitro- 
amsidine. The mixture of acetyl compounds only partly solidified 
after long keeping. After several crystallisations from ether, 
colourless prisms were obtained, m. p. 106—107°, which depressed 
the m. p., 103—104°, of 6-nitroaceto-o-anisidide (Found : C, 52*7; 
H, 5*2. C 8 H 10 O 3 N 2 requires C, 52*7; H, 5*5%). These analytical 
figures agree moderately well with those required for a nitromethyl- 
anisidine, but as the crystals were colourless, whilst the nitro- 
methylanisidines described above are orange or yellow, it seems 
unlikely that this compound is a nitro-base of the series. Owing to 
the limited quantity of 6-nitro-o-anisidine available, we were not 
able to make a more detailed study of its methylation products, 
or to carry out further experiments with the substance described. 

Attempted Estimation of the Proportions of the Nitration Products .— 
(a) N -Methylaceto-o-anisidide (20 g.), nitrated as described above 
and treated by method (ii), gave 11*8 g. of crystalline 5-nitro-deriv- 
ative and 12*0 g. of an oily mixture (total 23*8 g.; theory 25*0 g.). 
A part of the oil (9-3 g.) gave guaiacols consisting, as estimated from 
fractional distillation in steam, of 3*3 g. of 5-nitro- and 1*0 g. of 
3-nitro-guaiacoL A basic oil (2*7 g.) and a neutral tar (1*0 g.) 
were also obtained. * 

(b) In another experiment, 20 g. of A-methylaceto-o-amsidide 
yielded 14*0 g. of the 5-nitro-derivative and 0*9 g. of the 4-nitro- 
derivative, both isolated as such in the pure condition. In another 
experiment, in which the material was treated by method (i), 
similar quantities of the 5- and 4-nitro-compounds were isolated, 
and also 0*24 g. of an isomeride believed to be the 3-nitro-derivative. 

Combining these results, 73% of the material is accounted for 
as follows: 5-nitro-derivative, 64%; 4-nitro-derivative, 4%; 
3-nitro-derivative, 5%. 

Addendum . ON-Diaceiyl-N-methyl-o-aminophenol. — N -Methyl-o- 
aminophenol, which we found to melt at 88° instead of 80° as recorded 
in the literature, (44 g.) was boiled for 1 hour with acetic anhydride 
(70 c.c.), and the product distilled. The fraction, b. p. 160—170°/2 
mm., at once solidified to crystals (61 g., m. p. 58—60°) which, after 
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crystallisation from ether-ligroin, had m. p. 63—64° (Pound: 
C, 640; H, 6*2. C u H 13 0 3 N requires C, 63’8; H, 6*3%). 

Originally it was intended to include a study of the nitration of 
this substance in this investigation, but this project was abandoned 
when it was found that a considerable amount of oxidation took 
place under the conditions which had been used for the mononitration 
of the other three substances. 


We wish to thank the Royal Society for a grant with the aid of 
which part of the expense of this investigation has been met. 

The Univebsity, Leeds. [Received, February 10th, 1926.] 


CLXX .—The Nature of the Alternating Effect in Carbon 
Chains. . Part VI. A Study of the Relative 
Directive Efficiencies of Oxygen and Fluorine in 
Aromatic Substitution. 

By Eric Leighton Holmes and Christopher Kelk Ingold. 

In continuation of the work, described in the preceding part, on 
the establishment of the sequence N>0>F for the op-directive 
powers of these atoms in the neutral state and directly attached 
to the benzene ring, the method previously used for comparing the 
relative directive efficiencies of nitrogen and oxygen atoms has 
now been applied to the comparison of oxygen with fluorine. 
o-Pluoroanisole has been nitrated with the results indicated in the 
following formula: 

66 % 

<3%/ 6 \OMe 

31%^F 

<3% 

The methods by which these figures have been determined are 
fully described in the experimental portion, and it need only be 
stated here that the 3- and o-nitro-derivatives were estimated 
together (2-7%) by ta ki ng advantage of the lability of their fluorine 
towards alkaline reagents, and that the 4-nitro-compound was 
estimated colorimetrically after reduction, utilising the fact that 
p-anisidine gives a violet coloration with ferric chloride, whilst the 
o-compound does not. The 4-nitro-derivative was isolated as such 
from the nitration mixture and identified by synthesis, whilst the 
6-Mtro-compound, which was also synthesised and was a liquid at 
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the ordinary temperature, was reduced with elimination of fluorine 
and identified as o-anisidine hydrochloride. 

From the data given, it is clear that whether we disregard the 
large amount of o-substitution as an effect to which special influences 
contribute and consider only substitution in positions 4 and 5, or 
whether we accept the total op-direction by each group as the better 
measure of its directive power, the oxygen atom is the more effective 
directing agent. So great is the difference that although only one 
case has been investigated it appears reasonable to infer that the 
conclusion drawn will hold generally amongst derivatives of o- 
fluorophenol. 

The sequence N>0>F is thus established; and this is the 
expected sequence, since the electronic grouping of fluorine most 
closely approaches the internally satisfied condition exemplified 
in neon (preceding paper). 

Experimental. 

Preparation of o-Fluor oanisole. —Some difficulty was experienced 
in obtaining this substance, but it was ultimately prepared by the 
action of hydrofluoric acid on the diazopiperidide obtained from 
o-anisidine. A solution of 25 g. of o-anisidine in 60 c.c. of hydro¬ 
chloric acid was diazotised below 0° by a solution of 15 g. of sodium 
nitrite in 50 c.c. of water, the mixture being mechanically stirred. 
On pouring the product into a solution of potassium hydroxide 
(30 g.) and piperidine (17 g.) in 150 c.c. of water, an oil was precipitated 
which rapidly solidified (yield 35—37 g.)and on crystallisation from 
methyl alcohol yielded lemon-yellow prisms, m. p. 30° (Found: 
C, 65*0; * H, 7.6. C 12 H 17 ON 3 requires C, 65-8; H, 7*8%). 

This diazopiperidide (35 g.) was heated for 1 hour on the steam- 
bath with 150 c.c. of concentrated aqueous hydrofluoric acid. Ice 
was then added and the mixture poured into an excess of 30% 
aqueous sodium hydroxide, care being taken to avoid over-heating, 
since the fluoroanisole is very volatile with steam. The fluoro- 
anisole was isolated by distillation in steam and separated from the 
piperidine contained in the steam-distillate by extraction with ether 
after acidification. It is a colourless, mobile liquid, b. p. 154—155° 
(Found: C, 66*6; H, 5-6. C 7 H 7 OF requires C, 66*7; H, 5*6%). 
The average yield was 6% of the theoretical. 

Dinitration .—In a preliminary experiment in which 1 g. of 
o-fluoroanisole was run through a fine capillary tube into 2 c.c. of 

* A better analysis is, unfortunately, not available; difficulty was ex¬ 
perienced in burning the substance owing to the rapidity with which it 
decomposed. 
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nitric acid {d 1*5) at —10°, and the product mixed with crushed 
ice, a solid dinitro-compound was obtained which on crystallisation 
from ethyl alcohol formed pale yellow needles, m. p. 86—87°. 
Judging from the results of mononitration (below), we believe this 
to be 4 : ^-dinitro-2-fluoroanisole, although no special proof of its 
constitution is here offered (Found : C, 38*7; H, 2-2. C 7 H 5 0 5 N 2 F 
requires C, 38*9; H, 2*3%). 

Mononitration .—o-Fluoroanisole (6*5 g.), mixed with acetic 
anhydride (25 g.), was treated at 0° with a mixture of fuming nitric 
acid (2*20 c.c.) and acetic anhydride (9 c.c.). The nitration pro¬ 
ceeded smoothly with evolution of heat, and the mixture was kept 
at the ordinary temperature for 3—4 hours and then poured into 
water. The oil which separated was collected and diluted with 
ether, the aqueous solution was extracted with ether, and the com¬ 
bined ethereal solutions were dried and evaporated. The residue, 
after (frying for a short time over potassium hydroxide, was dis¬ 
tilled, practically the whole boiling at 114—116°/2 mm. (Found : 
C, 49-2; H, 3*4. C 7 H 6 0 3 NF requires C, 49*1; H, 3*5%). 

3-Nitro~ and 5 - Nitro-o-jhcoroanisole .—These were estimated to¬ 
gether by taking advantage of the lability of their fluorine in the 
presence of boiling OSJV'-aqueous sodium carbonate, or dilute 
methyl-alcoholic sodium methoxide prepared from 2 g. of sodium 
and 200 c.c. of methyl alcohol. With the first of these reagents at 
its boiling point, and with the second at 60°, a quantity of fluoride 
ion corresponding with the decomposition of about 2-5—3*0% of 
nitrofluoroanisole was liberated rapidly, whilst prolonged treatment 
produced very little further action. After 3 hours' treatment with 
boiling sodium carbonate, the liberation of fluoride ion corresponded 
to 2*7% of decomposed nitrofluoroanisole (average of three concord¬ 
ant determinations) and almost the same figure, 2-8%, was obtained 
on using sodium methoxide. To ascertain if any correction was 
needed for the possible decomposition of the 4- and 6-nitro-deriv- 
atives, these two substances (see below) were treated for the same 
period under the same conditions. With 4-nitrofluoroamsole and 
sodium carbonate, the decomposition was zero (two determinations), 
and the same result was obtained with sodium ethoxide. Only a 
small quantity of 6-nitrofluoroanisole was available, but a single 
determination by the sodium carbonate method indicated the 
decomposition of 0-2%. From these results it is evident that the 
4- and 6-nitro-derivatives do not decompose appreciably under the 
conditions used. On the other hand, 4 - nitrofluoroanisole is decom¬ 
posed at a measurable velocity at 85° by sodium methoxide of the 
dilution stated above, and, in this connexion, reference may be 
- made to Holloman and Beekman’s experiment on the alcoholysis of 
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m-nitrofluorobenzene (Bee. trav. cJiim 1904, 23, 235). The mixed 
3- and 5-nitroguaiacols were isolated from the above decompositions 
with sodium, but the quantity was too small for the estimation of 
their relative proportions by the steam distillation method employed 
by Ingold and Ingold (preceding paper). A small quantity of pure 
5-nitroguaiaeol was isolated by taking advantage of the sparing 
solubility of its potassium salt in 4A r -aqueous potassium hydroxide. 

4-Nitro-o-ffocoroanisole .—The nitrofluoroanisoles recovered after 
decomposition of the 3- and 5-derivatives with sodium carbonate 
formed a mixture which was liquid at the ordinary temperature but, 
on cooling in an efficient freezing mixture, set to a paste of crystals. 
These were collected below —20°, and when freed from adhering oil, 
had m. p. 47—49°. By crystallisation from ligroin pale yellow 
prisms were obtained, m. p. 52—52*5°, which were identified by 
direct comparison and a mixed m. p. determination with a specimen 
synthesised as described below. The yield accounted for about 10% 
of the nitration product. 

Synthesis of 4-Niiro-o-ftuoroanisole .—4-Nitro-o-anisidine (25 g.) 
prepared from 2 : 4-dinitrochlorobenzene, via 2 : 4-dinitroanisole, 
was dissolved in 50 c.c. of boiling 20% hydrochloric acid, and the 
solution cooled with rapid stirring to ensure fine division of the solid. 
Diazotisation was effected in the usual way with 11 g. of sodium 
nitrite, and the mixture poured into a solution of 30 g. of potassium 
hydroxide and 13 g. of piperidine in 150 c.c. of water with the addition 
of sufficient ice to maintain the temperature at 0°. The oily pre- 
cipitate*soon solidified (yield, 35 g.), and crystallisation from ethyl 
alcohol gave buff needles, m. p. 95—96° (Found : 0, 54-5; H, 6*0. 
C 12 H 3 requires C, 54-2; H, 5*9%). This diazopiperidide 
(35 g.) was warmed on the steam-bath for 1 hour with 175 c.c. of 
concentrated hydrofluoric acid, the mixture being rapidly stirred 
at the commencement of the process. After the addition of ice the 
mixture was poured into 1*51. of 30% sodium hydroxide kept at 0°, 
and after complete neutralisation the mixture, which contained a 
brown precipitate of unknown constitution, was distilled in a 
current of steam. The nitrofluoroanisole crystallised in the receiver, 
but it was found convenient to extract it with ether. It melted at 
45—49° in the crude condition and at 52—53° after crystallisation 
from ligroin (Found : C, 49*3; H, 3*5. C 7 H 6 0 3 NF requires C, 49*1; 
H, 3*5%). The yield was 1*3 g., that is, 7% of the theoretical. 

On reduction by boiling for 15 minutes with stannous chloride 
and hydrochloric acid it was converted smoothly into p-anisidine, 
the elimination of fluorine being quantitative. The anisidine thus 
obtained melted at 56—57°, alone and when mixed with a genuine 
specimen (Found: C, 68*8; H, 7*5. Calc.: C, 68-9; H, 7*4%. 
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Calc, for C 7 H 8 ONF : C, 59*6; H, 5*7%}. An application of this 
reaction is described below. 

Synthesis of 6-Nitro -o -fiuoroanisole .—The silver salt of 2:6- 
dinitrophenol was boiled with a benzene solution of methyl iodide, 
and the dinitroanisole so obtained was reduced by hydrogen sulphide 
in methyl-alcoholic ammonia solution to 6-nitro-o-anisidine (yield 
35%). The hydrochloride of this base separated from hydrochloric 
acid in clusters of pale yellow needles, m. p. 198°. 

The base was converted into its diazopiperidide by the method 
described in the preceding paragraph. The diazopiperidide, after 
dra in i n g on porous porcelain, but without further purification, was 
decomposed with hydrofluoric acid, and the §-nitro-o-fluoroanisole 
isolated by distillation in steam. After redistillation it was obtained 
as a pale yellow oil, b. p. 110°/1 mm. (Found: C, 49-6; H, 3*7. 
C 7 H 8 0 3 NF requires C, 49-1; H, 3*5%). 

On reduction by stannous chloride and hydrochloric acid o- 
ardsidine was obtained unaccompanied by any fluoro-base. 

Estimation of the Proportions of 4- and 6- Nitro-o-fluoroanisoles 
obtained by Nitration .—The mixture of 4- and 6-nitrofluoroanisoles 
obtained after decomposition of the 3- and 5-nitro-isomerides by 
sodium carbonate was reduced with stannous chloride as described 
above. The yield of distilled bases was 90% of the theoretical, 
and analysis showed that the whole of the fluorine had been elimin¬ 
ated (Found : C, 69-1; H, 7-2%). 

A weighed portion of these mixed bases was treated with hydro¬ 
chloric acid; o-anisidine hydrochloride (m. p. 225°, alone and mixed 
with an authentic specimen; a mixture with p-anisidine hydro¬ 
chloride, m. p. 215°, melted at 170—180°) was thus obtained. The 
yield corresponded with 48% of 6-nitrofluoroanisole in the original 
mixture. 

In order to estimate the relative proportions of o- and jp-anisidine 
in the mixture of these bases, a series of artificial mixtures, in the 
proportions 20 : 80, 40 : 60, 60 : 40, and 80 : 20, was prepared in the 
form of 1% solutions in ethyl alcohol. Each of these was tested in 
turn against a 1% solution of the experimental mixture, equal 
volumes of the solutions under comparison being added to equal 
portions of a solution of ferric chloride in similar colorimeter tubes. 
By comparing the colours, it was found that the proportion of p- 
isomeride in the experimental mixture lay between 20% and 40%. 
The process was repeated with three more standards, containing 
25% 30%, and 35%, respectively, of ^-compound. As these tests 
indicated that the proportion of p-isomeride lay between 30% and 
> 35%, an additional standard, containing 32*5% of p-anisidine and 
4 W'5% o-anisMine, was made. This agreed as exactly as could be 



A METHOD FOB DETEBMXNTNG THE SOLUBILITY, ETC. 1333 


ascertained with the experimental mixture, both as regards rate 
of development of the colour and its maximum intensity. The 
conditions being so adjusted that about 2—4 minutes were required 
for the colour to reach its maximum intensity, it was found that the 
rate of development of colour was more sensitive than maximum 
intensity to changes of composition and served as a better means of 
comparison. In the final experiments, therefore, all solutions were 
immersed in the same bath before mixing, and to avoid differences 
of temperature during the readings the two tubes were surrounded 
by a metal screen and symmetrically illuminated. The results are 
believed to be correct to 2%. 

On acetylation of the experimental mixture of bases, a mixture of 
acetyl derivatives was obtained which set at 59°, and admixture with 
small amounts of either aceto-o-anisidide or aceto-p-anisidide raised 
this setting point, whence it appears that the proportion in which 
the two substances were present in the acetylation product corre¬ 
sponds approximately with the eutectic composition. The follow¬ 
ing approximate setting points of mixtures of aceto-o-anisidide and 
aceto-p-anisidide indicate that the eutectic contains about 31% of 
the p-compound and sets at 60°, and this supplies confirmation of 
the figure obtained colorimetrically : 


Proportion of para- ... 
Setting point.-. 


17*3% 

71° 


21*4% 

67-5° 


24*4% 

64° 


SO* 6% 
60° 


35*0® 

63*5° 


39*1% 

67° 


These values were determined by the cooling curve method. 


We wish to thank the Chemical Society and the Royal Society 
for grants with the aid of which the expenses of this investigation 
have been met. 

The University, Leeds. [Received, February IQth, 1026.] 


CLXXI .—A Method for Determining the Solubility of 
Sparingly Soluble Substances . 

By Stotherd Mitchell. 

The methods available for determining the solubility of sparingly 
soluble substances are of limited application. Electrical measure¬ 
ments are restricted to electrolytes, and chemical analysis is useful 
for only a few substances. The optical method now described can, 
however, be employed more generally. 

For this work, an interferometer of the type described by Jamin 
{Ann, Chim. Phys,, 1858, 52, 171) was constructed. Mercury green 

zz2 
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light (X = 5461) was used throughout as the source of illumination. 
A special form of double cell was required in which liquids could be 
circulated through each compartment (Fig. 1). It was cut from a 
rectangular block of brass (2*5 cm. broad), and was fitted with inlet 
and outlet tubes of the same metal. The sides were made of 
the best quality optical glass cemented in position. Both com¬ 
partments of the cell were first filled with water, and the com¬ 
pensator was adjusted so that the cross wires of the observing 
telescope coincided with one of the interference bands. When a 


Fig. I. 



dilute aqueous solution was gradually allowed 
to displace the water in one half of the cell, 
there was a movement of the bands. By 
means of a fine adjustment on the com¬ 
pensator the same band could be kept on 
the telescope cross wires. 

Over the range considered, the compensator 
readings increased in proportion to the 
number of bands displaced, and therefore 


to the difference in refractive index between 


the contents of the two compartments of the cell (Table I). 


Table I. 

Bands. % 0. 2. 4. 6. 8. 10. 12. 14. 16. 18. 20. 

Compensator 

readings ... 10 13-6 170 20-5 240 27-7 31-5 35-0 39-0 43-0 46-5 

As a preliminary it was necessary to investigate the nature of 
the curves correlating compensator readings and concentration. 
To do this, a number of saturated solutions of substances slightly 
soluble in water were prepared at room temperature. A series of 
dilutions of each was made, and these together with a quantity of 
water were allowed to stand until all were at the same temperature. 
Both divisions of the cell were then filled with water, and the 
zero-reading was taken. Water was allowed to circulate through 
one compartment, and the most dilute solution through the other. 
When no further movement of the bands took place, the reading was 
noted. The next solution was then allowed to displace the more 
dilute, and so on till the saturated solution was reached. A number 
of results are shown in Table II and Fig. 2. All substances so 
far investigated give straight lines with the exception of benzene. 
In view of this exception, it will always be necessary to plot a graph 
of % saturation against compensator readings as a preliminary to a 
solubility determination by this method. When the graph is a 
straight Kne, only one weighing is necessary to calibrate the con- 
eeutmtkm scale, and if the reading for the saturated solution is 
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Table II. 

Compensator readings for % saturation. 


Substance. 0. 10. 20. 30. 40. 50. 60. 70. 80. 90. 100. 

Benzene . 10-0 12-0 14-3 16-2 18-5 20-8 23-5 26-5 32-0 38-5 45-0 

Camphor . 10-0 12-8 16-3 19-8 23-6 26-7 29-0 32-2 35-6 38-7 43-2 

aec.-Octyl alcohol 10-0 12-4 14-0 15-5 16-8 18-8 20-0 21-5 22-4 24-5 26-0 

Bomeol . 10-0 11-5 12-8 14-1 15-3 16-7 18-3 19-4 20-8 22-3 24-0 

Methyl 

salicylate. 10-0 11-0 12-2 13-5 15-0 16-4 17-9 19-1 20-3 21-6 23-0 

Naphthalene.10-0 11-0 11-5 12-0 12-6 13-7 14-3 14-8 15-5 16-8 18-1 


determined the weight of the solute present in it can be found 
graphically by extrapolation. In practice, it is advisable to prepare 
one or more dilutions from the solution of known concentration 
so that there may be a gradual movement of the bands without 


Fig. 2. 



A. Benzene. B. Camphor. C. s ee.-Octyl alcohol. D. Bomeol. 

E. Methyl salicylate. F. Naphthalene. 

blurring. Should the graph not be a straight line, a number of 
weighings would be necessary and the method would lose its merit of 
simplicity. 

When a solubility is required at a temperature other than room 
temperature, a saturated solution is prepared at that temperature 
and separated off; then, if necessary, a known quantity of water is 
added so that the solute will remain completely in solution at the 
temperature of the room in which the readings are taken. The 
saturated solutions were prepared in stoppered bottles which were 
rotated in a thermostat with excess of solute for several hours 
at the required temperature. Table III shows a number of results. 

As an indication of the accuracy with which these results could be 
reproduced, it may be mentioned that a duplicate determination 
with lead sulphate gave the same value as shown, i.e., 0*032 at 15°, 
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Table III. 

[In each case. Solution A x was made up as shown in column 2, and 
Solution A 2 was a two-fold dilution of A v These were used for the standardis¬ 
ation, by means of which the concentrations of B x (saturated) and B 2 (half- 
saturated) were deduced from their compensator readings.] 

G. of Compensator readings. Solubility 



substance 

^_ 

-. 


_ N 

(g. per 


in 1000 c.c. 

Soln. 

Soln. 

Soln. 

Soln. 

1000 c.c. 

Substance. 

of water. 

A i- 

A 2 . 

Bj. 

B 2 . Temp, of water). 

Naphthalene .. 

. 0-0200 

14-0 

12-0 

14-5 

15° 

0*022 






14-0 25 

0*040 

Lead sulphate 

0-0250 

11-4 

10-7 

11-8 

15 

0*032 

Borneol . 

. 0-5000 

18-3 

14-3 

21-4 

15 

0-693 






16-2 25 

0-740 

fifc.-Oetyl alcohol 1-0407 

19-0 

14-5 

23-5 

15 

1-508 





21-5 

25 

1-280 


and two additional experiments with borneol gave the following 
results : 0*697, 0*697 at 15°; 0*740, 0*734 at 25°. 

Water has been used as solvent in these experiments, but the 
method could be extended to other solvents if they are not too 
volatile. 

The author desires to thank Miss Janet M. Henderson for assistance 
with the experimental work. 

University of Glasgow. [ Received , February 1 5th, 1926.] 


OLXXII .—The Inhibition of the Glow of Phosphorus. 

By Hakry Julius Emeleus. 


The slow luminous oxidation of phosphorus is influenced by the 
addition of a gas or vapour in one of two ways. Gases such as 
hydrogen, nitrogen, and carbon dioxide effect a dilution, and the 
kinetics of the reaction continue to obey the law of mass action. 
In other cases, however, many organic vapours) a small con¬ 
centration of the added substance stops the reaction and the accom¬ 
panying phenomena of ionisation and formation of ozone. Phos¬ 
phorus has, moreover, the remarkable property of oxidising much 
more slowly, and without luminescence, in pure oxygen when the 


partial pressure of this gas exceeds a limiting value determined by 
the temperature. The existence of such a pressure is readily 
demonstrated by gradually evacuating a vessel containing phosphorus 
and oxygen. At atmospheric pressure, the reaction is imperceptible, 
but when the “ glow pressure 55 is reached the phosphorus surface 
|ky lights up suddenly as the normal oxidation begins. Apparently in 
ease the oxidation is inhibited by oxygen itself. 
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Various suggestions have been made to account for these 
anomalies. One of the earliest was that the ozone formed during the 
reaction was an essential catalyst, and that it was destroyed by 
the poisons (Sehonbein, J. pr. Chern., 1845, 36, 246). It is remark¬ 
able how often such a reaction is found to be possible. For example, 
turpentine, ethylene, and benzene can all act as inhibitors, and all 
react readily with ozone, yet in other cases any such action is very 
much feebler. Qualitative tests were made to examine the action 
of ozone on acetone, methyl ethyl ketone, hexane, chlorobenzene, 
and ethyl iodide. The first three gave definite evidence of a slow 
reaction, whilst the last two were more readily attacked. It is 
evidently wrong to assert that any of these substances is quite 
inert. If this were the true explanation of inhibition, however, the 
relative activity of different poisons would presumably be that of 
their reactivity towards ozone, and in some cases this is not so; 
e.g., acetone is a stronger poison than benzene, but is less readily 
attacked by ozone. 

The alternative suggestion that poisons form protective surface 
films on the solid phosphorus is unlikely, for Centnerszwer has shown 
that phosphorus exerts its normal vapour pressure in presence of 
inhibitors ( Z . physical. Ghem ., 1913, 85, 99). 

The view now generally held is that the propagation of the glow 
is a process analogous to the passage of a flame through a combustible 
gas mixture, and that poisons prevent this from occurring. Lord 
Rayleigh has, in fact, shown that this is probably correct in the 
particular case of inhibition by excess of oxygen (Proc. Roy. Soc ., 
1923, A, 104, 322). Extending the earlier experiments of Bloch 
(Compt. rend., 1908,147, 842), he measured the blast of gas necessary 
to blow the glow from a given phosphorus surface in various oxygen- 
nitrogen mixtures, and found that it became less as the percentage 
of oxygen was increased. Assuming that the blast required to 
maintain the glow in a stationary position downstream is a measure 
of the virtual rate of propagation upstream, it follows that 
successive increases in the oxygen concentration decrease the rate 
of propagation. 

The position of oxygen is unique, since it both supports and 
inhibits combustion, and it cannot be assumed a priori that the 
more active poisons act in the same way. In the experiments to 
be described, this point has been studied by applying Lord Rayleigh’s 
method of investigation to the propagation of the glow in presence 
of the strong inhibitors ethylene, benzene, chloroform, and aniline, 
and results similar to those for oxygen have been obtained. 
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The Propagation of the Glow of Phosphorus in the Presence of 
Inhibiting Substances . 

The phosphorus used throughout was purified by an acid dichro¬ 
mate solution, as described by Downey (J., 1924,125,347). Oxygen 
was obtained from a cylinder. 

The apparatus consisted of a large bottle, A (Pig. 1), into which 
water was run from the tap. The gas stream so produced was 
passed through the metal coil, B, where it attained the temperature 
of the bath, C, and then over a flat phosphorus surface cast in the 
cylindrical tube, E (14 cm. long, 1 cm. internal diameter). Bound 


To Water Pump Fig. 1. 



E, about half-way along, a narrow black band was fixed, and in all 
the experiments the gas stream was adjusted so as to blow the glow 
from the phosphorus surface up to this mark. From a direct 
measurement of the rate at which water was flowing into A, the 
velocity of the blast through E could be calculated. 

Dependence of the Blast upon the Percentage of Ethylene added to 
the Air .—To obtain the low concentrations of ethylene (less than 
a mixture of ethylene and air in known proportions was pre- 
, pared in a gas holder connected to F (Fig. 1). A was then evacuated, 
and the ethylene-air mixture and air were admitted in the desired 
proportions as indicated by the mercury manometer. The solubility 
of the ethylene in the water during the short time of contact was 
fleeted as being within the limits of experimental error. The 

throughout. Measurements of the 
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gas stream needed to blow the glow to the mark were made for 
different ethylene concentrations at a temperature of 20°. In this 
way, a series of relative values was obtained, showing the influence 
of the admixed gas on the propagation of the glow : 

Velocity of gas stream (cm./sec.) 140 31 24 17 8 1 1 

% Ethylene (by volume) . 0*16 0*26 0*28 0*36 0*38 0*43 0*46 

With less than 0-15% of ethylene the greatest gas stream obtainable 
was insufficient to blow the glow off the phosphorus surface. As the 


Fig. 2. 



Air saturated ( I) with benzene ; (H) with chloroform ; (III) with aniline . 

ethylene concentration was increased it became easier to blow the 
glow away, and complete inhibition occurred at a concentration of 
0*45%. 

Dependence of the Blast upon the Temperature , in the Presence of a 
Constant Concentration of Inhibiting Substance. —Three typical 
poisons, benzene, chloroform, and aniline, were introduced in large 
excess into A (Fig. 1) in successive series of experiments, and the air 
was allowed to become saturated with the vapour at room temper¬ 
ature (16°). The blast of saturated gas which just sufficed to clear 
the phosphorus surface of luminosity was then determined as 
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already described for various temperatures of the bath, C. The 
results are reproduced in Fig. 2, In each ease the glow was inhibited 
below a certain temperature, and above this it became increasingly 
difficult to blow it away. 

If Lord Eayleigh's assumption be adopted, it follows from these 
results that the typical poisons studied act by reducing the rate of 
propagation of the glow in the gas mixture. Complete inhibition 
of the luminous oxidation marks the limit of this effect with increas¬ 
ing concentration of inhibitor. It is very probable, therefore, that 
oxygen acts in the same way as the more active poisons. A dis¬ 
cussion of the possible mechanism of inhibition is given later. 
These considerations might seem inapplicable to the conditions 
under which the glow of phosphorus is generally seen, viz., as a 
surface luminosity. The establishment of this intense surface 
oxidation is, however, often preceded by the passage of a luminous 
pulse through the gas mixture, resulting in the production of ozone, 
which tends to localise the reaction. 

The Influence of Temperature on the Action of Inhibiting Substances . 

The effect of “ poisons ” depends both on the pressure and on 
the temperature. The influence of pressure was investigated by 
Centnerszwer { Z . physikal. Chem ., 1898, 26, 1). Phosphorus was 
introduced into a mixture of oxygen with the inhibiting vapour, 
and the pressure was reduced until the glow appeared. In every 
case the limit was lower the greater the concentration of the 
inhibitor. The present experiments represent an attempt to make a 
similar systematic study of the influence of temperature. Ethylene 
has been used, since it is not only a strong poison, but is inert towards 
phosphorus. Probably it is typical, however, for experiments made 
with carbon disulphide and ethyl iodide gave similar although less 
consistent results. 

The apparatus used is shown in Fig. 3. Ethylene was prepared 
from phosphoric acid and absolute alcohol, washed by water and 
sulphuric acid, and collected over water in A. Between 2 —5 g. 
of purified phosphorus were sealed up in the tube B of 30 c.c. 
capacity, which was immersed in a freezing mixture and evacuated, 
with the tap T' closed and the space below it filled with mercury. 
B was then put in melting ice, and ethylene was admitted from A. 
After allowing time for diffusion, moist air or oxygen was passed 
in from G until the total pressure was that of the atmosphere. 
The tap T" was then closed and T' opened. B was heated gradually 
on a water-bath over a resistance mat, and the temperature at which 
the glow appeared was recorded. During heating, the pressure 
||p:|h©^apparatus was kept constant by adjusting the levelling tube, 
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L. Between successive experiments with different ethylene-air 
mixtures, the space below T' was filled with mercury, T' was closed, 
B was cooled, and the apparatus was alternately evacuated and filled 
with air a number of times. Some consecutive pairs of observations 
were made with the same phosphorus, in which a definite partial 
pressure of ethylene was established first in air and then in oxygen* 
Such readings were strictly comparable, and differed by less than 3°. 
The oxygen-ethylene mixtures frequently detonated shortly after 
the phosphorus had begun to glow. 

Experiments were made at constant volume by raising the 
tube L (Fig. 3). The resulting increase in pressure amounted at the 

Fig. 3. 



highest temperature employed to approximately half an atmosphere, 
and a corresponding increase in the glow temperature of 5—10° was 
recorded. The results are shown graphically in Fig. 4. 

The main source of error in these experiments was in the observ¬ 
ation of the glow. Even with thoroughly rested eyes it was difficult 
to determine in some cakes whether a glow was occurring or not," 
especially with the high ethylene concentrations. 

Two points of special interest are brought out by these results. 
The temperature at which the glow first occurred appeared to be 
detennined by the concentration of the ethylene, irrespective of 
whether it was mixed with air or oxygen; also the luminous oxidation 
was inhibited at temperatures well above the normal ignition-point 
of phosphorus, which is about 60°. 

Although these experiments leave little doubt as to the absence 

zz*2 
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of luminous oxidation below a definite temperature, a number of 
tests were made to determine if any non-luminous oxidation occurred. 
Purified phosphorus (1—2 g.) was sealed in tubes of 40 c.c. capacity 
(1-5 cm. diameter), having a quill tube fused to one end and drawn 
down to a capillary about 20 cm. from the wider tube. The whole 
tube up to the capillary was cooled in a freezing mixture and 
evacuated; the freezing mixture was replaced by melting ice, moist 
ethylene and air were admitted in the desired proportions, as 
indicated by the pressure, and the tube was sealed at the capillary. 
Two series of bulbs, containing 8% and 26%, respectively, of 


Fig. 4. 



12*5 25 37-5 50 


% °J ethylene (by volume). 

0 Ethylene-air mixtures at constant volume. X Ethylene-oxygen mixtures at 
constant pressure. 0 Ethylene-air mixtures at constant pressure. 

ethylene were heated in the dark in a thermostat at 48° for 2 months, 
when they were opened by breaking the capillary under mercury, the 
bulb being inverted and cooled in ice. Any oxidation would be 
indicated by a rise of mercury in the stem, correction being made for 
change in barometric height. The bulbs containing 8% of ethylene - 
exhibited a decrease in pressure of 2—12 cm. of mercury, whilst for 
those with 26% the decrease varied between 2—6 cm. Control 
tubes containing no phosphorus were unaltered. [Further experi- 
; mentis are being made to verify that this slow rate of oxidation is 
C f maintained. 

,' f These results show that absorption of oxygen occurs when the 
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luminous oxidation is inhibited, which is analogous to Lord 
Kayleigh’s observation of a slow non-Iuminous oxidation in moist 
oxygen at atmospheric pressure ( Proc. Boy. Soc. } 1924, A, 106, 1). 

Discussion. 

Any account of the mechanism of inhibition must explain why 
either an increase in temperature or a decrease in pressure tends to 
produce the glow. The former involves at least two factors, since 
both the vapour pressure of the phosphorus and the potential rate 
of reaction increase. The experiments described have shown that 
inhibition can extend to 90°, which is much above the normal 
ignition temperature of phosphorus. Moreover, the “ glow temper¬ 
ature ” does not depend on whether air or oxygen is used as a 
diluent for the ethylene. When the glow is prevented, the tendency 
for the reaction to occur is demonstrated by the slow non-luminous 
oxidation which was observed at 48°. At some stage, depending on 
the ethylene concentration, the impediment is overcome and a wave 
of luminosity passes through the mixture, the subsequent oxidation 
being accelerated by the formation of ozone. Again, on slowly 
decreasing the pressure in a mixture of ethylene and oxygen, the 
partial pressure of the phosphorus will remain constant in the 
presence of the solid. In effect, therefore, the proportion of com¬ 
bustible vapour in the mixture is being increased, which in itself 
would be expected to favour flame propagation. 

Several analogous cases have been recorded. White found that 
the vapours of benzene, acetaldehyde, acetone, and ether had e£ a 
powerful inhibitory effect on the propagation of flame in carbon 
disulphide-air mixtures” (J., 1922, 121, 2561). The addition of 
0025% of ether, for example, necessitated the use of 25% more 
carbon disulphide if the mixture was to propagate flame. In 
Dixon’s experiments on the phosphorescent flame of carbon disul¬ 
phide, a very much higher temperature was required to produce 
ignition when a small amount of ethylene was added {Bee. trav. chim 
1925, 44, 305). Further examples are furnished by the many 
organic sulphur compounds studied by Delepine {Bull. Soc. chim., 
1922, 31, 762). These contain the group C—S, or P—S, and under¬ 
go a luminous oxidation at room temperatures, which is inhibited 
by ether, acetone, and pyridine. Here also a decrease of pressure 
or an increase of temperature will restart the luminescent reaction 
after it has been arrested. 

The experiments described have shown that the addition to air 
of typical inhibitors renders it easier to blow the glow from a 
phosphorus surface, and that increase in temperature diminishes 
this action. An analogy is thus established between the action of 
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excess of oxygen and that of stronger poisons, in that both prevent 
the propagation of the glow in the gas. A tentative explanation of 
the mechanism was put forward by Lord Rayleigh, who suggested 
that in the propagation of the glow the products of the reaction in 
one layer acted as catalysts in the next. These catalytic particles 
are supposed to be rendered inactive by the adsorption of the 
inhibiting molecules, when the reaction stops. A similar view has 
been adopted by Dixon to explain the inhibition of the phosphorescent 
flame of carbon disulphide. 

The author wishes to thank Professor H. B. Baker, F.R.S., for 
his kind interest and advice throughout this research. He is 
indebted to the Department of Scientific and Industrial Research 
for a maintenance grant, and to the Trustees of the Dixon Fund for 
a grant for the purchase of apparatus. 

Imperial College of Science and Technology, 

London, S.W. 7. [Received, February 12th , 1926.] 


CLXXIII .—An Improved Hydrogen Sulphide 
Generator . 

By Henry George Denham and John Packer. 

An automatic hydrogen sulphide generator for laboratory install¬ 
ation has been described by Steele and Denham (J., 1920, 117, 
527). Since then the present authors have redesigned certain 
portions of the apparatus and the modified generator has given 
such highly satisfactory results during constant use for the last 
two years that a description of it is considered justified. A 
laboratory fitted with one of these generators would have a potential 
and practically unlimited supply of hydrogen sulphide always at 
hand at the negligible cost of the electric current needed to keep 
the generator heated. 

The following is a description of the apparatus. A is the acid- 
holder of about 6 litres capacity; B a tap-funnel for use in filling 
A; C a two-way tap so that A can be connected either to the tube 
D which leads to an outside flue, or to E; F is a large-bore tap 
situated at a higher level than the acid in A; H is a reservoir of 
600—700 c.e. capacity for retaining hydrogen sulphide generated, 
but not withdrawn from the apparatus; J is a bulb of about 150 c.c. 
capacity, situated a few cm. above the highest level of acid in A ; 
K is a 100 c.c, bulb; L is a piece of capillary tubing of 2 mm. bore 
and of about 8 cm. total length, used to prevent a too rapid flow 
of acid into V, connected to the reservoir H by a piece of pressure 
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tubing I (wired on); M is a small 10 c.c. bulb, "N and P are taps, 
R is thick-walled rubber tubing, inserted for flexibility so that the 
rubber stopper S can be easily removed; T is a wash-bottle con¬ 
taining water, through which the hydrogen sulphide is supplied 
to the distributing taps and mains; V is a tube of fused silica, 
the upper portion of which is about 50 cm. long and 5 cm. internal 
diameter whilst,the lower part is of 2 cm. internal diameter, fitted 
by a tight rubber stopper into the reservoir, W, of 6 litres capacity, 
which receives the spent acid; Y is a tap through which the spent 


Pig. I. 



acid is withdrawn, connected to a waste drain. The tube Y is 
heated electrically to a temperature of approximately 80°. The 
winding (total resistance 100 ohms) is made over a thin piece of 
asbestos paper with mcirrome wire of 1 ohm per foot resistance, 
and is well covered with many thicknesses of asbestos paper. In 
the authors’ generator, this winding * is connected through an 
ammeter and adjustable resistance to a storage battery in such a 
way that it can be connected either with the full battery of 110 
volts or a portion of it giving 60 volts. A current of just over 
1 amp. is sufficient to heat the tube V up to the working tem- 
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perature in from 10 to 15 minutes, whilst a current of 0*6 amp. 
will maintain this temperature. 

Mode of Operation .—The tube V is packed with lumps of iron 
sulphide. The acid-holder is filled by means of the funnel B with 
commercial hydrochloric acid diluted with an equal volume of 
water, and the funnel tap turned off. The taps F and N are turned 
on and the tap C is turned so as to connect the acid-holder to E, 
through which air is blown until the siphon, G, fills. Tap N is 
then turned off and tap E turned so as to connect the acid-holder 
with the tube D. The reservoir H fills to the side-tube level with 
acid which then runs over into V and, provided the tube V has 
been sufficiently heated, hydrogen sulphide is generated as soon 
as a few drops run over, and drives the acid back into H, where the 
gas is stored until drawn off through the tap P and wash-bottle T. 
The acid is completely neutralised long before it has percolated 
through the heated column of sulphide. The side-tube Z and 
bulbs J and K are provided as an escape for hydrogen sulphide 
should an excessive amount be generated owing to some abnormal 
cause. This prevents hydrogen sulphide from getting into the siphon 
and putting the generator out of action. When the generator is not 
in operation and the tube V not heated, tap F is kept turned off. 

General ’Remarks .—The capacity of this generator is practically the 
same as that of the one formerly described, whilst almost theoretical 
yields of hydrogen sulphide are always available at a steady and 
convenient pressure. It has the following advantages over the 
older form : (1) It is completely automatic in operation. From 
this point of view electrical heating is a great advantage over 
steam heating, whilst the use of silica instead of glass for the 
tube V overcomes the trouble formerly experienced of cracking, 
due to alternate heating and cooling. (2) There is no leakage of 
acid, as it never comes into contact with the rubber stoppers or 
connexions (except at I during a portion of the cycle of operations). 
(3) Provided the tube D is carried to a suitable flue, there is no 
smell of hydrogen sulphide. 

The hydrogen sulphide is distributed throughout this building 
in composition (lead) gas-pipes of £ in. internal diameter without 
any serious loss of pressure. After 3 years the attack on these 
pipes appears scarcely to have penetrated beyond the inner surface, 
although in the experience of one of the authors in the sub-tropical 
climate of Brisbane these' pipes were seriously attacked, but this 
could probably be overcome by the use of drawn copper tube. 


Canterbury College, University of New Zealand, 

Christchurch. [Received, March 22nd, 1926.] 

;• _ - __ 




POLLARD : THE DOUBTFUL EXISTENCE OF AUROUS OXIDE. 1347 


CLXXIV .—The Doubtful Existence of Aurous Oxide . 

By William Branch Pollard. 

It has been found that mercurous nitrate and chloroauric acid 
react to form gold and a basic auric compound (this vol., p. 529), 
and not “ aurous oxide 55 as claimed by Figuier (Ann. Chim. Phys ., 
1844, 11, 339) and Kriiss ( Annalen , 1887, 237, 276). In conse¬ 
quence of this, “ aurous oxide/ 5 prepared in other ways, has been 
examined to see if it might not consist of colloidal gold and auric 
hydroxide. Analogous substances are known, such as Purple of 
Cassius, in which metallic hydroxides function as protective colloids. 

From the equation 3Au 2 0 = 4Au + Au 2 0 3 it is clear that the 
determination of gold and oxygen cannot show whether the sub¬ 
stance is aurous oxide or a mixture of gold and auric oxide in 
these proportions. This possibility was overlooked by Kriiss, 
whose analyses are therefore inconclusive. Kriiss's claim is, 
moreover, unsupported by any chemical evidence showing that 
aurous compounds can be formed from ee aurous oxide. 55 

Experimental. 

In attempts to prepare cc aurous oxide 55 from potassium bromo- 
aurate by Kriiss ? s method, if an excess of potassium bromide 
was present, only metallic gold resulted. “ Aurous oxide 55 was 
decomposed when heated with solutions of potassium bromide, but 
was much less decomposed by solutions of sodium chloride. As 
potassium bromide is a by-product in the formation of “ aurous 
oxide, 55 it is surprising that Kriiss was able to obtain his substance 
in the proportions required by theory. 

By the following slight modification it was found possible to 
work at room temperature. Gold (1*0 g.) was converted into 
chloroauric acid, made up to 1 litre with saturated sodium chloride 
solution, and reduced to the aurous state with sulphurous acid. 
The solution, now colourless, was made slightly alkaline with 
caustic soda. Very little precipitation occurred at first, but a 
black, colloidal substance separated on standing. Heat caused 
the precipitation to occur rapidly. The formation of the substance 
is therefore quite unlike that of metallic hydroxides, but is highly 
suggestive of the decomposition of aurous compounds. 

The substance formed a dark blue, colloidal suspension when 
washed with cold water, but could generally be washed with hot 
water. With hydrochloric or hydrobromic acid it instantly formed 
metallic gold and chloroauric or bromoauric acid; the reaction did 
not suggest the slow decomposition which takes place in aurous 
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compounds. The addition of alkali metal chlorides or bromides 
to the corresponding acids failed to produce, aurous compounds 
(Lenher, J. A?ner. Chem. Soc ., 1913, 35, 547). Hydriodic acid gave 
gold, aurous iodide, and iodine; with excess of the reagent, aurous 
iodide passed into solution. This reaction resembles that of 
hydriodic acid and auric oxide : 

Au 2 0 3 + 6HI = 2AuI + 3B^0 + 2L>. 

Although these reactions were known to earlier workers, no 
reason has been given to explain why iodine should be liberated 
by u aurous oxide. 5 ’ 

With a solution of sodium sulphite, the substance formed sodium 
aurosulphite and left a residue of gold which had the same black 
colour as the original substance. With sodium thiosulphate, it 
formed sodium aurothiosulphate and left a residue of black gold. 
In both these cases an aurous compound is formed, but only a third 
of the gold takes part in the reaction and this has to undergo 
reduction. 

When the substance was heated with strong nitric acid a residue 
of gold was left and a yellow solution was formed which, on dilution, 
hydrolysed with the separation of auric hydroxide. 

When heated with potassium bromoaurate solution, gold dissolved 
and was deposited, on cooling, in shining crystals according to the 
equation AuBr 3 + 2Au — 3AuBr. 

When the substance was heated with potassium bromide solution, 
a residue of brown gold was left and gold passed into the solution, 
which then became strongly alkaline. Potassium iodide behaved 
in the same way, but was more energetic in its action. Sodium 
chloride solutions were much less reactive. Although no previous 
reference could he found, auric hydroxide was shown to behave 
in exactly the same way, dissolving even in strong sodium chloride 
solution which thus became alkaline. The reaction, however, was 
most marked in the case of potassium iodide. 

The substance was scarcely attacked by dilute caustic soda, but 
with strong solutions sodium aurate and metallic gold were formed. 
Auric oxide was slowly attacked by weak but rapidly attacked by 
strong solutions of caustic soda. This explains why Kriiss found 
it necessary to employ <£ very weak potash 53 in the formation of 
his ee aurous oxide, 55 strong alkali preventing its formation just as 
strong hydrochloric acid prevents the formation of Purple of 
Cassius. 

Although numerous reactions have been tried, in no case has 
any definite aurous reaction been discovered, the substance always 
behaving as a mixture of gold and auric hydroxide. As the sub- 
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stance is highly colloidal, any attempts at a mechanical separation 
into gold and auric hydroxide would present very great difficulty. 
Experiments were made, however, to see whether auric hydroxide 
could act as a protective colloid in the maimer suggested. 

Auric hydroxide prepared by the magnesia process was washed 
in a centrifuge with cold water until it began to pass into colloidal 
suspension just as Kriiss’s “ aurous oxide ” does. Portions were 
then taken, made alkaline with caustic soda, and partly reduced 
to gold by dilute solutions of various reducing agents. Little 
reaction occurred at first, but when the solutions were warmed or 
made more alkaline reduction set in. Further additions of reducing 
agent were made until the action was judged to have proceeded 
far enough; the precipitates were then separated in a centrifuge 
and washed. Black precipitates which appeared to be identical 
with Kriiss’s “ aurous oxide ” were thus obtained, with hydrazine, 
phenylhydrazine and formaldehyde as reducing agents. With 
sodium peroxide as reducing agent, a brown precipitate was obtained 
which transmitted red light but was otherwise identical with 
“ aurous oxide.” 

No evidence has therefore been obtained to show that aurous 
oxide exists; its chemical and physical properties are those of a 
mixture of gold and auric hydroxide. 

Royal School or Mines, 

South Kensington. [ Received , April 7 th , 1926.] 


CLXXV .—Studies with the Microbalance . Part IV. 
The Photochemical Decomposition of Silver Iodide . 

By Ernst Johannes Hartung. 

Experimental investigation of the action of light on silver iodide 
has hitherto furnished no definite result; when insolated in air, 
the substance slowly becomes greenish-grey, but the actual amount 
of chemical change appears to be very small and no free halogen 
has been detected. Koch and Schrader (Z. Physik, 1921, 6, 127) 
illuminated very minute particles of silver iodide, suspended between 
the charged plates of a condenser, but could find no changes in 
weight greater than 1—2%. Koch and Vogler (Ann. Physik , 1925, 
77, 495) examined the space lattice of silver iodide by X-ray 
methods; after exposure to sunlight for 4 months, no free silver 
could be detected, although this was readily found on illumination 
of silver chloride and bromide for much shorter periods. Various 
other methods have given negative or indefinite results, although 
the consensus of opinion appears to be that the change is different 
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in nature from the decomposition of the bromide and chloride. 
Some years ago, the author showed (J., 1922,121, 689) that very 
thin films of silver iodide deposited on vitreous silica lost weight 
appreciably when exposed in air to sunlight; the losses were very 
much smaller than those found for the bromide and chloride, but 
there was no doubt as to their reality. A thorough study of the 
question has now been made by means of the Steele-Grant micro- 
balance, on the general lines used successfully in the cases of the 
bromide and chloride (J., 1924, 125, 2198; 1925, 127, 2691) and 
it has been found that the photochemical decomposition of silver 
iodide is analogous to that of the other halides of silver; iodine is 
liberated and, under suitable conditions, the action may be made 
almost complete. The microbalance employed carried a load of 
105 mg. and weighed with precision to 10“ 4 mg.; it had been 
thoroughly tested for 2 years and was used in very favourable cir¬ 
cumstances. The general plan of the work was to iodinate thin films 
of chemically deposited silver until pure iodide had been formed. 
The films were then exposed to sunlight for various periods in 
oxygen, hydrogen, or nitrogen in the presence of a suitable iodine 
absorbent and subsequently reweighed. The insolated material 
was then treated in various ways in attempts to discover its nature. 
A series of experiments on the rate of iodination of silver, and of 
previously insolated silver iodide, was also made. 

Preparation of Films of Pure Silver Iodide .—light vitreous silica 
sheets were silvered in the well-known tartrate solution and ignited 
at 400° in a small electric furnace to drive off all occluded matter. 
After weighing, these films were hung over carefully purified iodine 
at room temperature; pearly-yellow iridescent silver iodide was 
rapidly formed and the films were then reweighed. Comparison of 
the weights with those calculated from the weight of silver taken 
showed an average discrepancy of 1 part in 1300 parts; the average 
weight was 0*34 mg. and the thickness about 0*0002 mm. Pre¬ 
cipitated silver iodide is known to adsorb iodine readily, but no 
evidence of adsorption, or of the formation of polyiodides, was 
obtained in these experiments. 

Photochemical Decomposition of Silver Iodide. —The glass apparatus 
in which the films were sealed, prior to insolation, was similar to 
that employed for silver bromide and has already been described 
(Zoc. ciU). Great care was necessary to prevent damage to the 
films by flame gases during sealing operations, but repeated tests 
showed that a good counter-current of purified air gave adequate 
protection. Before exhaustion, the vessel was filled with oxygen, 
hydrogen, or nitrogen, which had been specially purified and filtered. 
Experiments showed that at atmospheric pressure decomposition 
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of the silver iodide was very slow, even after prolonged exposure 
to strong sunlight, but was hastened by diminution of pressure. 
The apparatus was therefore exhausted either to 10 mm. pressure 
or as completely as possible. As heating of the glass walls was 
inadmissible owing to the sensitive nature of the films, adsorbed 
gas must have been released slowly during insolation; this is denoted 
by “ res. 5 ’ (i.e., “ residual ”) in Table I, to indicate that the pressure 
in the apparatus was less than 0*001 mm. at the time of sealing off 
from the pump. As absorbent for the liberated iodine, a roll of 
clean copper gauze was employed at first; this metal is particularly 
efficient in removing chlorine and bromine from a gas phase, but it 
was not successful with iodine. Inspection of the gauze after pro¬ 
longed irradiation of the iodide film showed only slight evidence of 
tarnish, and at the same time the decomposition of the silver iodide 
had been very slow. Thus, after more than 6 months’ exposure on 
the roof of the laboratory in an exhausted vessel containing copper 
gauze, a film of silver iodide weighing about 0*4 mg. had lost only 
16*6% of its total iodine. This tardiness of decomposition indicated 
that the partial pressure of iodine vapour above strongly illuminated 
silver iodide is very small, for copper tarnishes readily above solid 
iodine at room temperature (partial pressure of vapour 0*2 mm.). 
It was subsequently found that silver absorbs iodine vapour with 
extreme readiness, even when the partial pressure of the halogen is 
very small, and consequently the lower portion and side-tube of 
the apparatus were silvered internally before introduction of the 
photosensitive film. During insolation, this silver deposit was 
shielded from radiation by opaque wrappings and a marked increase 
in the rate of decomposition of the halide was observed at once. 
In all subsequent experiments, therefore, silvering was adopted in 
order to render the absorption of iodine as complete as possible. 
The amount of radiant energy absorbed during insolation could 
not be measured, owing to the progressive change in the colour, 
opacity, and reflecting power of the films, but a fair indication is 
given in each case by the length of exposure in days. After a 
definite period of insolation, during which the film became deep 
slate-grey, the apparatus was opened under exhaust and purified 
nitrogen gradually admitted. The film was then removed and 
weighed; subsequent treatment consisted usually of re-iodination, 
but attempts were also made to analyse the product of insolation. 
Table I summarises the results of the experiments, weights being 
given in mg., and the columns headed F x and F 2 denoting the 
weights of the films after exposure and after re-iodination, respect¬ 
ively. It is evident that decomposition of the silver iodide pro¬ 
ceeded very extensively, but only when the apparatus was exhausted; 
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Table I. 

Agl. 

Ignited , 

MICROBALANCE. 

0/ T 

/O A 

PART rv. 

Gas in 

Expt. 

Ag* 

Found. 

Calc. 

*V 

f 2 . 

lost. 

Days, apparatus. 

X 

0-1137 

0-2475 

0-2476 

0-1250 

0-2564 

91-6 

84 

H 2 res. 

2 

0-1814 

0-3954 

0-3948 

0-2102 

0-3966 

86-5 

42 

** t* 

3 

0-1120 

0-2439 

0*2438 

0*1300 

0*2452 

86*3 

52 

n 2 „ 

4 

0-1175 

0-2558 

0-2557 

0-1335 

0-2571 

88-4 

44 

99 » 

5 

0-0701 

0-1521 

0*1526 

0-0795 

0-1552 

88-5 

36 


6 

0-2622 

0-5705 

0-5707 

0-3355 

0-5721 

76-2 

83 

Air „ 

7 

0-1095 

0-2386 

0*2383 

0-1172 

0-2402 

94*0 

89 

0 2 „ 

S 

0-1SS4 

0-4101 

0-4100 

0*2548 

0-4116 

70-0 

81 


9 

0-1884 

0-4095 

0-4100 

0-4040 

0-4153 

2-5 

86 

0 2 10 mm. 

10 

0-1561 

0-3396 

0*3398 

0-3341 

0-3439 

3-0 

80 


11 

0*1797 

0-3907 

0-3911 

0-3686 

0-3905 

10-5 

90 

. 2 sr a „ 

12 

0-1775 

0-3863 

0-3863 

0-3775 

0-3869 

4-3 

40 

99 J» 

at 10 

mm. pressure, 

the change was hindered in a 

remarkable 


manner. The nature of the residual gas in the apparatus seems 
to exert little influence and, in particular, the claim that oxygen 
is necessary is seen to be unfounded. Moreover, the extent of 
decomposition depends less on the period of exposure than on the 
thickness of the film, this being approximately proportional to the 
weight in each case. When all the factors are favourable, as in 
Expt. 7, decomposition is nearly complete. Certain minor irregu¬ 
larities in the results find a ready explanation in small variations 
in shape of the apparatus, which affect the ease of diffusion of the 
liberated iodine to the absorbing silver surface. There can be no 
doubt, however, that the products of insolation of silver iodide are 
silver and iodine, and the reason why extensive change is found 
only in very thin films is because of the opacity of the liberated 
silver and its very powerful attraction for iodine vapour. There 
is no evidence of the formation of any sub-iodide. 

On re-iodinating the product of insolation, rapid restoration of 
the former yellow colour of the film took place and the weight was 
then usually rather greater than that of the original silver iodide. 
This behaviour was found with the chloride and bromide also and 
is believed to be due to slight oxidation of the insolated film during 
manipulation; the discrepancies are usually slight and, except for 
Expt. 1, are largest when oxygen in appreciable amount has been 
present in the exposing vessel (Expts. 9 and 10). Many attempts 
were made to analyse the product of insolation by methods which 
were devised for the filtration of very small amounts of material 
(this voL, p. 840)* but no procedure for the accurate estimation of 
silver, or of silver iodide, in less than 0*5 mg. of a mixture of the 
two could be found. It was hoped to effect separation by suitable 
reagents, but solvents for silver (e.g., nitric acid) removed the, 
metal imperfectly from the iodide, whilst solvents for silver iodide 
(e.g., silver nitrate, thiosulphates, cyanides) all attacked thin films 
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of silver rapidly in the presence of oxygen. Solution of both 
silver and silver iodide was easily effected by ammonium cyanide, 
which was then treated with acetic or hydrochloric acid; this 
precipitated all the iodide, and the remainder of the silver as either 
cyanide or chloride, but in each case the ammonium salt left in 
solution increased the solubility of the silver salts so markedly 
that no accurate results could be obtained. Also, estimation by 
simple evaporation of the ammonium cyanide solution to dryness 
was rendered useless by the formation of ammonium formate. 
Another attempted method consisted in evaporating the product 
of insolation with hydrochloric acid; the iodide was not affected 
by this treatment, but conversion of the silver presumably present 
into the chloride was so slow and imperfect that success was impos¬ 
sible. Finally, the attempts at analysis had to be abandoned, 
after showing that treatment of the product of insolation with 
silver iodide solvents left a residue of practically pure silver. 

Rate of Iodination of Silver Films .—Further evidence as to the 
nature of the product of insolation of silver iodide was obtained 
by comparing its rates of re-iodination with those of pure silver. 
The apparatus and method have been described previously for the 
case of silver bromide (J., 1924, 125, 2204); the experiments were 
carried out in a thermostat at 25° (regulated to 0*1°) and at first 
solid iodine was placed in the iodinator, giving a partial pressure 
in the vapour phase of 0-3 mm. However, silver films were attacked 
so rapidly that conversion into iodide was complete in less than 
2 minutes and accurate measurements were impossible. Solutions 
of iodine from NjlO to Nj 100 were therefore made in A T -aqueous 
potassium iodide, and the partial pressures of the halogen above 
these solutions (not measured) were sufficiently small to give con¬ 
venient rates of iodination. The results obtained are shown in 
Fig. 1, in which the iodine absorbed, as percentage of that necessary 
to form pure silver iodide, is plotted against the total time of 
iodination in minutes. The continuous curves indicate iodination 
of pure silver, and the broken curves iodination of the product of 
insolation of silver iodide, which contained an average of 14% of 
the total original iodine at the start. In each case, the total area 
of the film was 146 sq. mm. and the thickness about 0-00015 mm., 
so that the curves are fairly comparable. The rapid increase in 
the speed of addition of the halogen as the solution increases in 
concentration is shown, as well as the striking similarity in speed 
between silver and insolated silver iodide for the same concentration 
of iodine which is evident from the approximate parallelism of each 
pair of curves. This is strong presumptive evidence that one of 
the products of insolation is silver itself, although, of course, differ- 
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ences in the physical state of the liberated metal may be expected 
to alter the rates of iodination very considerably, and indeed do 
so in the cases of the chloride and bromide. The peculiar pheno¬ 
menon of an optimum halogen concentration which was discovered 
in the case of chlorine (J., 1925, 127, 2696) has no parallel with 
iodine, where the rate of addition of the halogen steadily increases 
as the concentration in the gas phase rises. No evidence of the 
formation of sub-iodides or poly-iodides is indicated. 


Fig. 1. 



Summary. 

1. The photochemical decomposition of silver iodide has been 
studied by means of the microbalance. 

2* The maximu m percentage loss of total iodine in thin films of 
silver iodide when suitably insolated was: in hydrogen 91*6%, in 
nitrogen 88-5%, and in oxygen 94*0%. 

3. Evidence is adduced to show that the photochemical decom¬ 
position products are silver and iodine, that oxygen is not necessary 
for the change, and that extensive action is found only with 
extremely thin films at low gas-pressure in the presence of silver as 
iodine absorbent. 

4. The rates of iodination of silver and of previously insolated 
silver iodide have been studied; close agreement exists between 
them for similar concentrations of iodine vapour. 

5. No evidence of the formation of silver sub- or poly-iodides has 
been found. 

ITiuvnRsmr of Melbourne. [Received, April lth 9 1926.] 
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CLXXVI.— Trypanocidal Action and Chemical Con¬ 
stitution . Part V . Arylsulphonamides of some 

Phenylarsinic Acids. 

By Leslie Frank Hewitt, Harold King, and William Owen 

Mijrch. 

Parts I to IV in this series were almost solely devoted to the pre¬ 
paration, properties, and trypanocidal activity of arylamides of 
phenylarsinic acids, the common feature of the compounds described 
being the amide link, -CO*NH-. The present communication is 
designed to fill the gap in our knowledge of some of the corresponding 
sulphonamides, with the common link, -S0 2 *NH-, a group of which 
only two representatives, both non-amphoteric, have hitherto been 
described. 

m-Hitrobenzenesulphonyl and m-nitr o -p - toluenesulphonyl radicals 
have now been introduced into the amino-group of 4-aminophenyl- 
arsinic acid (I), and the former radical into the amino-groups of 
3-amino-4-hydroxyphenylarsinic acid (II) and 4-amino-2-hydroxy- 
phenylarsinic acid (III). 

0H<3>As0 3 H 2 NHa^^AsOgHj, 

V—/ nh 2 x ~oh 

(I.) (II.) (in.) 

For this purpose, the most convenient and by far the most 
effective method is a modification of the Schotten-Baumann method 
devised by Fischer and Bergell ( Ber ., 1902, 35, 3779) for the prepar¬ 
ation of the p-naphthalenesulphonyl derivatives of amino-acids. 
The reaction with 3-amino-4-hydroxyphenylarsinic acid (H), an 
acid which is sensitive to caustic alkali, necessitates the use of 
sodium carbonate, and under these conditions a complex mixture 
results containing in all probability 0-sulphonic esters and di- 
sulphonamides. 

S' -Nitrobenzenesulphonyl- (IV; R = H) and S'-nitro-i:'-toluene- 
sulphonyl-4z-aminophenylarsinic acid (IV; R = Me) on further 
nitration yield exclusively one dinitro-acid (V), the constitution 
following from the products of hydrolysis. 

no 2 no 2 no 2 

R'<^^S0 a -NH<^^As0 3 H 2 -»■ R<^^S0 2 -m<^)As0 3 H 2 
(IV.) (V.) — 

S'-Nitro-4z'-toluenesulphonylA-?nethylaminophenylarsi7iic acid (VT), 
,which is the methylation product of (IV; R = Me), was obtained by 
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the action of methyl sulphate and alkali at 100°. It was unobtain¬ 
able by methylation at room temperature, although 4'-toluene- 
sulphmyl-4-methylaminophenylarsinic acid (VII) was readily formed 
under these conditions. The latter acid on solution in sulphuric 
acid at room temperature was completely hydrolysed and gave an 

N0 2 

Me<^^S0 2 *NMe<^^ Me/^/SOa-me/^AsOgHa 

~~ (VL) (VII.) ~ 

80% yield of 4-methylaminophenylarsinic acid, an acid which is not 
new. This is, however, the best method for its preparation. 

The seven nitro- and dinitro-arsinic acids aforementioned on 
reduction with ferrous chloride and alkali gave the corresponding 
amino-compounds quite smoothly and in good yield. When tested 
for trypanocidal activity on mice infected with Trypanosoma 
equiperdum , they were found to be without exception completely 
inactive on any dope, including the maximum tolerated, although in 
structure they differ from the active amides of previous com¬ 
munications only in the replacement of -CO-NH- by -S0 2 *NH-. 
This is a surprising result. It might be ascribed to the presence 
of the strongly acidic hydrogen atom of the group in 

comparison with that contained in the -CONH- group, but this 
was negatived by the inactivity of S'-amino-4'-toluenesulphonyl-4- 
methylaminophenylarsinic acid derived from (VI) by reduction. It 
is, however, possible to proceed a step further in the analysis of this 
anomaly, 

Ehrlich first advanced the theory that the real active trypanocidal 
agent in arsenicals is the tervalent arsenic stage, basing it on 
the two groups of observations, that cures of small animals 
artificially infected with trypanosomes could be effected by primary 
quinquevalent arsinic acids and by the corresponding tervalent 
arseno-compounds and arsenious oxides, but in vitro , i.e. } outside 
the animal body, arsinic acids and arseno-compounds had negligible 
action on trypanosomes, whereas the oxides were very highly active. 
The view of the importance of the tervalent arsenious oxide has 
received further support from the experiments of Voegtlin and his 
associates in Washington, who show that animal tissues are able to 
reduce the arsinic acids and oxidise the arseno-compounds to the 
arsenious oxide stage: 

R*As0 3 H 2 —> R*AsO <— jR/As— As*R. 

It was therefore of importance to test whether the oxides corre- 
t; sponding to the above-described inactive acids containing the 
^ sulphonamide group were trypanocidally active. S'-Amino-4'- 
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toluenesulphonyl- and 3 : Z'-diaminoA'-ioluenesulphonylA-amino- 
pkenylarsenious oxides were prepared by reduction of the corre¬ 
sponding acids with sulphur dioxide and hydriodic acid, and the 
former oxide was examined in detail. It had a maximum tolerated 
dose of 0*01 mg. per g. of mouse, was thus twenty times as toxic 
as its parent acid and was completely devoid of trypanocidal activity 
on the infected animal, but at a dilution of 1 in 10,000 in vitro and 
30 minutes’ exposure, it rendered trypanosomes non-infective to the 
normal animal. As it can be calculated that this is just one-half the 
concentration which should obtain in the blood-stream of infected 
mice when injected intravenously with the maximum tolerated 
dose, it seems clear that the injected oxide must be de-activated by* 
some body mechanism. Whatever be the ultimate chemical 
processes involved in the tissues which determine the distribution 
and fate of these acids or oxides before final excretion, it seems also 
certain that the sulphonamide linking must confer a general 
character on these molecules, independent of its orientation with 
respect to the arsinic acid group, which prevents the oxides from 
ever attaining a concentration inimical to the continued reproduction 
of the trypanosomes. Since the toxiphoric grouping is undoubtedly 
the group containing arsenic, the presence of the -S0 2 *NH- group is 
reflected in an altered distribution of affinities ^around the arsenic 
atom. Some light might be thrown on this by precision measure¬ 
ments of the relative reduction potentials of arsinic acids containing 
the amide link and their analogues with the sulphonamide link. 

The arsewo-compounds of Z'-amiTiobenzenesulphonylA-amino- 
phenylarsinic acid and Z'-aminoA'-ioluenesvIphonylA-aminophenyl- 
arsinic acid are white, whereas the arseno-compounds of their 
benzamide analogues are orange and almost all previously recorded 
arseno-compounds are yellow or orange. The colour of arseno- 
compounds is usually ascribed to the presence of the chromophoric 
grouping -As—As- analogous to the azo-chromophore, -N—N-. 
The view might therefore be advanced that the loss of colour in 
the white arsenobenzenes is due to formation of a bimolecular 
complex. 

R*As—As'R ^ R*As—Asdft 

E*As—As-It K*As—As’R 

Miehaelis and Schafer {Ber., 1913, 46, 1742) had found that the 
molecular weight of crystalline arsenobenzene and arsenotoluene 
in phenol as cryoscopic solvent agreed with the simple molecular 
weight. In the present instances, however, the experimental 
difficulties due to the peculiar properties of the substances have 
proved insurmountable. 
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In connexion with some of the compounds described in this 
communication, the observation has been made that compounds 
containing a hydroxyl group ortho to a sulphonamide group give a 
striking series of colour reactions with iron, nickel, cobalt, and 
copper salts in sodium hydrogen carbonate solution, which are 
destroyed by excess of caustic alkali or free mineral acid. The cobalt 
solutions show an absorption band in the yellow-green parts of the 
spectrum. If a purple alkaline solution of the iron complex of 
W-aminobenzeriesul'phonyl-Z-amiTioA-hydroxyphmylarsinic acid , for 
instance, be made neutral or weakly acid to litmus, a grey-black 
precipitate is formed, free from the anion of the precipitating acid, 
but with an iron-sulphur atomic ratio of approximately 1:1 and 
re-soluble in sodium hydrogen carbonate solution at least in part, 
with production of the original purple colour. The most reasonable 
view of the nature of the constituents of the coloured alkaline 
solutions is that a series of complex anions is formed analogous to 
the catechol complexes described by Weinland and Binder {Ber,, 
1912, 45, 148) and based, at least in the case of iron, on the ferri- 
cyanide or ferrioxalate model; hut whereas the iron-catechol com¬ 
plexes are of a stability to alkali comparable with that of potassium 
ferricyanide, the iron-o-hydroxysulphonamide complexes seem to 
be of a stability probably inferior to that of the ferrioxalates. 

On this view, the acidic hydrogen atoms of the -S0 2 *NH~ and 
-OH groups enter into the co-ordination complex. 

H 3 Fe(CN) 6 H 3 [Fe(:glC 6 H 4 ) 3 ] 

Ferricyanide. Catechol complex. o-OH sulphonamides. 

In support of this it is found that the benzamide analogues described 
in Part IV do not give these colour reactions, that jV-p-toluene- 
sulphonyl-o-aminophenol (VIII; R = H) and tohcenesviphonyl- 3- 
amirio-i-hydroxybenzoic acid (VIII; R = C0 2 H) give the colour 
reactions, but that N-p -tolice7ie^phonyl-o-methy!ami7iophenol (IX) 
does not. 

HO_ HO_ 

(Vin.) C 7 H 7 -S0 2 *NH<^J) C 7 H 7 "S0 2 *NMe<^~^> (IX.) 

II 

Incidentally Reverdin’s so-called 0-toluenesulphonyl-iV"-^-methyl- 
aminophenol ( Ber 1909, 42, 1523) has been shown to be IVtoluene- 
sulphonyl-V-^-methylaminophenol. The greyish-black precipitate 
previously mentioned as being obtained on acidification of the purple 
iron solutions possibly has the constitution (X) analogous to the 
ferric oxalohydroxamate (XI) of Hantzsch and Desch (Annalen, 
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1902, 323, 24), but development of the purple colour by solution of 
(X) in alkali cannot be mere formation of a soluble salt of the arsinic 

0—,Fe-OH NH 2 

(X.) < C^' S ° 2 \__/ > HO ' Fe< 0*(SoH (XL) 

H 2 0 3 As 

acid grouping, because the same colour is obtained from (VIII; 
R = H), where the salt-forming group is absent. 

4-Amino-2-hydxoxyphenylarsinic acid (III), its 3 '-nitrobenzene- 
sulphonyl- and 3 r -aminobenzenesulphonyl- derivatives also give colour 
reactions with ferric and cupric salts in sodium hydrogen carbonate 
solution. It is possible that in these cases also co-ordination com¬ 
pounds, involving the arsinic acid and adjacent hydroxyl groups, are 
formed. 

In this communication it is convenient to incorporate some 
observations on one of the simplest aromatic arsinic acids containing 
the sulpho-group, namely, p -sulphophenylarsinic acid. In 1919, 
one of the authors (K.) made an unsuccessful attempt to prepare the 
thiol analogue of salvarsan, and the experiments which follow arose 
out of that attempt, p -Aminophenylarsinic acid was converted 
into p -xanthylphenylarsinic acid (XII) by Leuckardt’s method (J. pr. 
Chem 1890, 41, 179) and this on oxidation on the boiling water- 
bath with 3iV'-nitric acid gave a mixture of the sparingly soluble 
diphenyl disulphide pp' -diarsinic acid (XIII) and the extremely 
soluble p-sulphophenylarsinic acid (XIV). 

AsOgH^ ^>S-CS*OEt —»■ [as0 3 H 2 <^^)S-] 2 -> 
lXH.) (XIII.) 2 

As0 3 H 2 <( >S0 3 H (XIV.) 

The latter acid is, however, more readily obtained by ‘oxidation 
of the disulphide by boiling 6JV-nitric acid. The disulphide and the 
sulpho-acid proved to be devoid of trypanocidal action. The 
sulpho-acid was converted into the corresponding arseno-acid by 
reduction with hypophosphorous acid, but owing to its very ready 
solubility in water this could not be isolated sufficiently pure for 
physiological testing. Dr. Voegtlin has also prepared this sulpho- 
acid and its arseno-derivative (Physiological Reviews, 1925, 5, 91), 
but he informed us verbally that his method for the preparation 
was different from ours. 

We are indebted to Miss F. M. Durham and Miss J. Marchal of 
this department for the painstaking care with which they have 
determined the toxieities and trypanocidal action of the compounds 
described in this paper. 
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Experimental. 

4' - Toluenesvlphonyl - 4 - aminophenylarsinic Acid .—This acid, 
briefly described by Little, Cahen, and Morgan (J., 1909, 95, 1482) 
as being obtained by the Schotten-Baumann reaction, may be 
obtained in 74% yield by the Fischer-Bergell method of aryl- 
sulphonylation. Sodium p - aminophenylarsinate pentahydrate 
(1 mol.) dissolved in 5 parts of water was shaken with finely-powdered 
p-toluenesulphonyl chloride (2 mols.) and a few drops of ether for 
30 minutes. iV'-Sodium hydroxide (1 mol.) was then added, and the 
mixture again shaken for 30 minutes. This sequence was repeated 
until 3 molecular proportions of A 7 -alkali had been added. The 
arsinic acid obtained on acidification was sparingly soluble in boiling 
water, crystallising in microscopic rectangular plates, but readily 
soluble in boiling 90% formic acid, crystallising therefrom in needles 
and diamond-shaped plates. 

4' - Tolu enesulpkonylA-methylaminophenylarsinic Acid (VII).—4'- 
Toluenesulphonyl-4-aminophenylarsinic acid (1 mol.) was dissolved 
in 2V-sodium hydroxide (2 mols.) and heated in the boiling water- 
bath with vigorous stirring while methyl sulphate (16 mols.) and an 
equivalent quantity of 2A 7 -sodium hydroxide were run in simultane¬ 
ously, the reaction of the fluid being faintly alkaline throughout. 
On acidification a 90% yield of the methylated acid was obtained. 
It is readily soluble in boiling water and crystallises in needles which 
are unstable and pass readily into large, hexagonal plates. From 
alcohol it crystallises in needles and from 90% formic acid, in which 
it is extremely readily soluble, in microscopic, rectangular plates 
(Found : S, 8*0. C 14 H 16 0 5 NSAs requires S, 8*3%). This acid can 
also be obtained by methylation at room temperature. 

4 - Mcthylaminophmylarsinic A cid. — p' - Toluenesulphonyl - 4 - 
methylaminophenylarsinic acid was dissolved in 3| volumes of 
concentrated sulphuric acid at room temperature, kept for 30 
minutes, and then poured on to ice. The mixture having been 
made neutral to ’Congo paper, an 80% yield of N -methylamino- 
phenylarsinic acid was obtained (Found: As, 32*6. Calc.: As, 
32*4%), It is very soluble in A-hydrochloric acid and with nitrite 
gives an instant precipitate of fine needles of the nitroso-compoxmd. 
On slight dilution, these rapidly transform into six-sided plates 
which give the liebermann nitroso-reaction. This acid had a 
tolerated dose of 0*05 mg. per g. of mouse, and on this dose mice 
infected with T . equiperdum relapsed in the most favourable oases 
within 7 days. 

; Sodium 3-V UroA^iohi£,m3idphonate .—The following process is 
! an imprOvement on that of Otto and Gruber {Aimeden, 1868,145, 23) 
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and of Fichter and Bernouilli (Ber., 1909, 42, 4309). p-Toluene- 
sulphonic acid (100 g.) was heated with 380 c.c. of nitric acid (d 1*42) 
in the boiling water-bath for 30 minutes. The solution was poured 
into a litre of water and rapidly evaporated to dryness under reduced 
pressure. The residue, which crystallised in envelope-shaped 
plates, was re-evaporated with small quantities of water to remove 
all nitric acid, and the solution then neutralised with sodium car¬ 
bonate. On concentration, a 72% yield of the monohydrated sodium 
salt was obtained (Found: Loss at 100°, 7*3. C 7 H 6 0 5 NSNa,H 2 0 
requires H 2 0, 7*0%. Found on dried salt: Na, 9*9. C 7 H 6 0 5 NSNa 
requires ISTa, 9*6%). The barium salt, which is less soluble than the 
sodium salt and crystallises in creamy, glistening leaflets, was 
prepared by addition of barium chloride to a solution of the sodium 
salt (Found : Loss at 100°, 6*2. C 14 H 12 O 10 lSr 2 S 2 Ba,2H 2 O requires 
H 2 0, 6*0%. Found on dried salt: Ba, 24*3. C 14 H 12 O 10 N 2 S 2 Ba 
requires Ba, 24*1%). 

In another experiment using 15 g. of acid and 50 c.c. of nitric 
acid, the solution obtained on pouring the product into water was 
extracted thrice with ether. The ethereal extract was freed from 
acids by extraction with alkali and on evaporation gave 0*75 g., 
a 6*3% yield, of ^-nitrotoluene. The main bulk melted at 54°, as 
did a mixture with pure p-nitrotoluene, but a trace melted 10° 
higher, suggesting the presence of 2 : 4-dinitrotoluene. 

3'-NitroA'-ioliwnesulphonylA-aminophenylarsinic Acid (IV; 
R = Me).—Sodium p-aminophenylarsinate was submitted to the 
action of m-nitro-p-toluenesulphonyl chloride (2 mols.) by the 
Fischer-Bergell process described above. The yield of required 
acid was 77%. It is sparingly soluble in boiling water and crystal¬ 
lises therefrom in minute, rectangular plates (Found: S, 7*8. 
C 13 Hi 3 0 7 N 2 AsS requires S, 7*7%). The maximum tolerated dose 
for mice is 0*3 mg. per g. of mouse and subsequent toxicities are 
expressed on the same basis. 

-NitroA'-tolwrw^phonylA-methylaminoplienylarsinic Acid (VI). 
—This acid was obtained in 93% yield by methylation of the pre¬ 
ceding acid by the process described for its analogue without the 
nitre-group. It is not formed in recognisable quantity by methyl¬ 
ation at room temperature, using a large excess of methyl sulphate 
and a variety of concentrations of potassium or sodium hydroxide. 
It is soluble in 200 parts of boiling water and crystallises in feathery 
needles, but from alcohol in large, hexagonal plates and from 90% 
formic acidin diamond-shapedplates (Found: S, 7*3. C 14 H 15 0 7 N 2 SAs 
requires S, 7*4%). The maximum tolerated dose is 0*03 mg. 

Z f -AmirwA'-toluenesulphonylA-aminophenyiarsinic Acid .—The 

nitro-acid (8*3 g.) was reduced with ferrous chloride and alkali as 
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described in previous papers of this series. The alkaline extracts 
(O'&^-NaOH) of the ferric hydroxide precipitate were neutralised to 
Congo-paper, and the crystalline amino-acid which separated was 
kept over-night. It was collected, dissolved in 140 c.c. of ^-hydro¬ 
chloric acid at 50°, and when precipitated by careful addition of 
saturated sodium acetate separated in small, prismatic needles. 
The first precipitation mother-liquors treated at 100° with ammonia 
and magnesium chloride gave a small quantity of magnesium salt 
which gave a further small proportion of the required amino-acid. 
The total yield was 73% (Found: S, 8-3. C 13 H 15 0 5 N 2 SAs requires 
S, 8*3%). This amino-acid is readily soluble in 2N- or 3iV'-rnineral 
acids, the hydrochloride being precipitated in small, oblique rhombs 
by concentrated hydrochloric acid. The maximum tolerated dose 
is 0*2 mg. 

S'-AminoA'-toluenesulphonylA-aminophenylarsenious Oxide .— 

The foregoing acid (1*8 g.) was dissolved in 10*8 c.c. of water with the 
aid of 8*2 c.c. of concentrated hydrochloric acid. On addition of 
0*45 g. of potassium iodide in a few drops of water there was rapid 
separation of iodine and a brown gum, but on passing sulphur 
dioxide for successive i-hour intervals with intermediate kneading 
of the now pale yellow gum, it eventually crystallised completely 
in almost quantitative yield. It was titrated by Ehrlich and 
Bertheim’s method for _p-aminophenylarsenious oxide (Ber., 1910, 
43, 917) (Found : 0*2185 g., dry, required 9*02 c.c. of JV'/lO-iodine. 
Calc, for CjaH^OgNgSAs : 9*06 c.c.). The agreement is fortuitous, 
as the product contained hydrochloride. It was dissolved in water, 
and the free oxide precipitated as a white, amorphous powder by 
addition of sodium hydrogen carbonate (Found: 0*2132 g. equiv. 
to 11*53 c.c. of Nj 10-iodine. Calc.: 12*04 c.c. Whence the 
purity was 96%). This arsenious oxide reduces ammoniacal silver 
solution only on wanning. It is readily soluble in ^hydrochloric 
acid and diazotises and couples in the usual way. It is also readily 
soluble in 0*5^-sodium carbonate and 2J\ r -ammonia but not in 
sodium hydrogen carbonate. 

$'-Amimtduenesidphonyln4:-aminoarsenobenzerie. —The foregoing 
arsenious oxide (1*25 g.) was dissolved in water (6 c.c.) with addition 
of 6 c.c. of hypophosphorous acid (d 1*137) and a crystal of potassium 
iodide. The solution was stirred and the temperature slowly raised 
to 80°. The arsenobenzene separated in microscopic needles which 
were centrifuged off, washed first with water and then with sodium 
hydrogen carbonate solution, and finally with several changes of 
water. The crystalline character was retained throughout. The 
yield was 1*1 g. The same compound was also obtained in the 
crystalline state very readily by reduction of the corresponding acid 
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at 50—55° (Found : 0*1158 g. required 13*9 c.c. of N /10-iodine in the 
presence of sodium acetate. Calc. : 13-7 c.c. Found: As, as 
MggAsgO?, 22*6. CaeHsgO^NaAsaSg requires As, 22*3%). This 
arseno-compound is white or of a pale cream colour. It is readily 
soluble in molten phenol, but insoluble in acetic acid. It is insoluble 
in mineral acids, but dissolves on addition of nitrite and then 
couples in the usual way. It dissolves in an equivalent amount of 
sodium hydroxide, but is precipitated as the sodium salt by a 
slight excess. It is also slowly soluble in sodium carbonate solu¬ 
tion. The dried powder is very easily electrified and conse¬ 
quently very difficult to handle. The maximum tolerated dose 
is 0*1 mg. 

3'- AminoA'-toluenesulphonylA-methylaminophenylarsinic A cid .— 
This acid was obtained in 75*3% yield by reduction of the corre¬ 
sponding nitro-acid with ferrous chloride and alkali. It was purified 
by solution in ^-hydrochloric acid and precipitation by sodium 
acetate (Found: 3, 8*1. C 14 H 17 0 5 N 2 SAs requires S, 8*0%). This 
acid crystallises readily from boiling water in clusters of thin plates. 
It is readily soluble in warm iV-hydrochloric acid, the hydrochloride 
crystallising in prisms. The , sulphate and nitrate are sparingly 
soluble in their respective iV'-acids and both crystallise in fine 
needles. The maximum tolerated dose is 0*03 mg. 

3 : Z r -Dinitro-A-ioluenemlphonylA-aminophenylarsinic Acid (V; 
R = Me).—This acid was prepared in 73% yield from 8*3 g. of 
3 / -nitrotoluenesulphonyl-4-aminophenylarsinic acid, dissolved in 
25 c.c. of sulphuric acid and nitrated with 2 g. of nitric acid (d 1*42) 
in 2 g. of sulphuric acid. It crystallises from boiling water, in which 
it is sparingly soluble, in very small needles, and from glacial acetic 
acid, in which it is moderately soluble, in bunches of small, prismatic 
needles (Found : S, 6*9. C 13 H 12 0 9 N 3 SAs requires S, 6*9%). The 
maximum tolerated dose is 0*1 mg. 

3 : S'-DiaminoA'-toluenesulphcmylA-aminophenylarsinic Acid .— 
This acid was prepared by reduction of the preceding dinitro-acid 
(9*2 g.) with ferrpus chloride and alkali. The alkaline extracts of 
the ferric hydroxide gave 2*7 g. of acid by direct precipitation and 
2*0 g. by way of the magnesium salt in hot ammoniacal solution. 
The total yield was 60%. This diamino-acid, precipitated from acid 
solution by sodium acetate, separates in small, rhomb-shaped plates. 
It is very soluble in dilute mineral acids and diazotises and couples 
with alkaline p-naphthol with a blood-red colour (Found : As, 18*9. 
C 13 Hi 6 0 5 N 3 SAs requires As, 18*7%). The maximum tolerated 
dose is 0*5 mg. 

3 : S'-DiaminoA'-toluenesulphonylA-aminophenylarsenious Oxide . 
—One g. of the preceding acid was dissolved in 4*5 c.c. of con- 
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centrated hydrochloric acid and 6 c.c. of water. Potassium iodide 
(0-25 g.) was added and sulphur dioxide passed for an hour. A 
crystalline salt separated in long, yellow needles (Found for anhydrous 
material: 0*1138 g. equiv. to 3*57 c.c. of N/ 10-iodine. Calc, for 
the pure dihydriodide : 3*97 c.c.). The remainder was dissolved 
in water, and the oxide precipitated with sodium hydrogen car¬ 
bonate. The yield was 0*4 g. (Found for anhydrous oxide : 0*1623 g. 
equiv. to 8*41 c.c. of Nj 10-iodine. CjgH-^OgNgSAs requires 8*84 c.c. 
Hence the purity was 95%). 

S'-NitrobeiizenesuIphonylA-ammophenylarsinic Acid (IV; R = H). 
—This acid was prepared from sodium p-aminophenylarsinate 
(1 mol.) and finely powdered nitrobenzenesulphonyl chloride (2 mols.) 
by the Fischer-Bergell method. The yield was 69% (Found: 
S, 7*7. C 12 H 11 0 7 N 2 SAs requires S, 8*0%). It is soluble in boiling 
90% formic acid, and crystallises in short prisms, less readily in 
boiling acetic acid and very sparingly in boiling water. The 
maximum tolerated dose is 0*4 mg. 

3'-Aminobenze?iesulphonylA-amiru)phenylarsinic Acid. —The corre¬ 
sponding nitro-acid was reduced by ferrous chloride and alkali in 
the usual way at 0°, and the amino-acid isolated through its 
magnesium salt in hot ammoniacal solution. The yield was 70%. 
It is best purified as its hydrochloride , which is only moderately 
soluble in cold water and separates readily on addition of stronger 
acid in rhomb-shaped plates (Found : Cl, 8*5. C 12 H 13 0 5 N 2 SAs,HC 1 
requires Cl, 8*7 %). On addition of saturated sodium acetate solution 
to a warm concentrated solution of the hydrochloride, the amino - 
arsinic acid separates as a gum which rapidly crystallises, on rubbing, 
in long, narrow plates with sloping ends. It is moderately soluble 
in cold water. The maximum tolerated dose is 0*5 mg. 

3 f -Aminobenze7iemlphonylA-ami7warse?wbenzene. —This was pre¬ 
pared from the corresponding acid by means of hypophosphorous 
acid at 45—50° in the usual way (Found : As, 23*6. C^H^C^N^gAsg 
requires As, 23*3%). It is a white or creamy-white, amorphous 
powder when dry, soluble in sodium hydroxide, and slowly soluble 
in sodium carbonate solution. It dissolves in molten phenol, but 
the solution soon becomes turbid and finally fills with a finely- 
divided precipitate. 

3 : S'-DinitrobenzenesulphonylA-aminophenylarsinic Acid (V ; 
R = H).— 3 , -Mtrobenzenesulphonyl-4-aminophenylarsinic acid 
{10*0 g.) in 30 c.c. of sulphuric acid was slowly treated at 0° with 
nitric acid (1*75 c.c.; d 1*42) dissolved in a little sulphuric acid 
(5 c.c,}. After 30 minutes, the solution was poured on to ice. The 
yield was 93%. This dinitro-acid crystallises well from boiling 
water, in which it is sparingly soluble, in short needles and similarly 
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from boiling 90% formic acid, in which it is readily soluble (Found : 
S, 7*2. C 12 H 10 O 9 N 3 SAs requires S, 7-2%). On boiling with 32% 
hydrochloric acid for 8 hours, it was only partly hydrolysed, giving 
an 83% yield of 3-nitro-4-aminophenylarsinic acid. No 4-amino- 
phenylarsinic acid could be detected in the mother-liquors. The 
maximum tolerated dose is 0*1 mg. 

3:3'- Diaminobenzenesidphonyl - 4 - aminopkenylarsinic Acid .— 
Reduction of the corresponding dinitro-acid by ferrous chloride 
and alkali at 0° gave this diamino-acid in 70% yield. It was isolated 
through the magnesium salt in ammoniaeal solution (Found: 
As, 19*5. C 12 H 14 0 5 N 3 SAs requires As, 19*4%). When liberated 
from acid solution by addition of sodium acetate, it crystallises in 
slightly distorted, diamond-shaped plates. The maximum tolerated 
dose is 1*5 mg. 

S'-NitrobenzeyiesulpJionyl-S-aminoA-hydroxyphenylarsinic Acid .— 
3-Amino-4-hydroxyphenylarsinic acid (11*6 g.) was dissolved in 
water (60 c.c.) with the aid of 3*85 g. of anhydrous sodium carbonate. 
Nitrobenzenesulphonyl chloride (2 mols.; 22 g.) was added at once 
and a few drops of ether. The mixture was shaken for 30 minutes, 
and three successive portions of A-sodium carbonate (1 mol.) at 
30-minute intervals were then added with intermediate shaking. 
The solution, on being made definitely acid to Congo-paper, deposited 
a pale-coloured gum immediately and, after 12 hours in the cold 
room, a crystalline powder. These were collected and stirred with 
75 c.c. of A-hydrochloric acid in the boiling water-bath until the 
non-soluble portion had crystallised. This treatment was essential 
to remove aminohydroxyphenylarsinic acid carried down from acid 
solution with the gum. The crystalline, chalky solid obtained on 
cooling was a complex mixture probably containing O- and dkZV'- 
sulphonylated derivatives (Found: S, 9*0. A disulphonamide 
requires S, 10*6%). It was dissolved in 20 volumes of 0*5A-sodium 
hydroxide, boiled for 30 minutes, and while still hot treated with 
concentrated hydrochloric acid so long as an oily turbidity was 
produced. After brief stirring, the hot solution was freed from oil 
by filtration through a fluted paper. The filtrate showed no further 
tendency to deposit oil, but deposited the required nitro-acid in a 
crystalline state. The original mother-liquors on concentration 
under reduced pressure gave a succession of crops of the required 
nitro-acid and unchanged aminohydroxyphenylarsinic acid separable 
by extraction with A-hydroehloric acid. The total yield was 33%. 
If one molecular proportion of sulphonyl chloride was originally 
used instead of two, the same difficulties were encountered and the 
yield was 28%. For analysis, the acid was recrystallised from 
20 volumes of boiling water, from which it crystallised extremely well 
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as a dihydrate in large, straw-coloured prisms or rhombs (Found : 
Loss at 95°, 8*4. C 12 H n 0 8 N 2 SAs,2H 2 0 requires H^O, 7*9%. 
Found on anhydrous material: S, 8*0. C^H^Og^SAs requires S, 
7*7%). When dissolved in sodium hydrogen carbonate solution 
and treated with a drop of dilute ferric chloride, it gives an intense 
purple solution which on addition of caustic alkali becomes redder; 
the colour is discharged by excess of caustic alkali with separation 
of ferric hydroxide. On addition of acid, however, to neutrality to 
litmus, the colour is also discharged with precipitation of a grey, 
amorphous precipitate which, after separation, redissolves in sodium 
hydrogen carbonate solution with the same purple colour. In a 
similar way, cobalt nitrate gives a rose-coloured solution with an 
absorption band in the yellowish-green part of the spectrum. The 
reaction is more intense in sodium carbonate solution, but is dis¬ 
charged by excess of acid or caustic alkali. A nickel salt gives 
a clear yellowish-brown solution, whilst a copper salt gives an 
intense deep brown solution. The maximum tolerated dose is 
0*5 mg. 

S'-Aminobenzenesulphonyl-Z-aminoA-hydroxyphenylarsinic Acid .— 
The reduction of the foregoing nitro-acid was carried out with ferrous 
chloride and alkali. The isolation of the pure amino-acid was 
effected as follows. The filtrate from the ferric hydroxide together 
with the alkaline extracts (0*2iV'-sodium hydroxide) of the ferric 
hydroxide was of a deep purple colour, and on being made neutral to 
Congo-paper deposited, after standing for 12 hours, the required 
amino-acid mixed with an amorphous, grey complex of ferric hydr¬ 
oxide and the amino-acid. These were collected, dissolved in 2 N- 
sodium hydroxide, and filtered from the ferric hydroxide, which 
separated in part. The filtrate, on being made neutral to litmus, 
deposited the remainder of the bound iron as the complex, which 
could be removed, and thereafter the pure amino-acid was obtained 
on making the filtrate neutral to Congo-paper. The iron complex 
could be re-submitted to the same treatment with caustic alkali, 
when ferric hydroxide was again precipitated, but not quite com¬ 
pletely, and the filtrate gave a further small crop of iron complex 
and the pure amino-acid on being made neutral to litmus and Congo- 
paper, respectively. The original mother-liquors, on concentration 
under reduced pressure, yielded further crops of pure amino-acid. 
For physiological testing and analysis, the combined crops of ammo- 
acid were dissolved in N -hydrochloric acid and precipitated with 
saturated sodium acetate solution. The yield was 76% (Found: 
Loss at 95°, 7*5 ; S, 7*5. C 12 H 13 0 6 N 2 SAs,2H 2 0 requires H 2 0, 8-1; 
S, 7*6%). It crystallises from boiling water, in which it is fairly 
readily soluble, in glistening prisms. It is readily soluble in A-hydro- 
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chloric, nitric, or sulphuric acid. The hydrochloride crystallises in 
rectangular tablets, the sulphate in short needles, and the nitrate 
in prisms. In sodium hydrogen carbonate solution, the amino- 
acid gives a purple colour with ferric chloride and on neutralisation 
to litmus a complex containing iron is precipitated as a dove-grey 
powder. Some preparations, however, are almost black. This is 
free from chloride and dissolves in sodium hydrogen carbonate with 
restoration of the purple colour (Found on air-dried material: 
Fe, 10*4; S, 6*5, whence Fe : S = 1 :1-08). The rose-pink colour 
developed on similar addition of cobalt nitrate is very marked. 
There is an absorption band in the yellowish-green. A soluble 
nickel complex is similarly formed with a yellowish-brown colour, 
and with copper salts a very intense brownish-red solution is obtained 
showing considerable stability to caustic alkali. The maximum 
tolerated dose is 0*5 mg. 

Z'-NitrobenzenesulphomylA-amino-2-hydroxyphenylarsinic Acid .— 
4-Amino-2-hydroxyphenylarsinic acid (11*6 g.) was converted into 
the sulphonamide by the Fischer-Bergell process, nitrobenzene- 
sulphonyl chloride (2 mols.) being used. The solution, on being 
made acid to Congo-paper, deposited a gum and, on standing some 
hours, a crop of crystals. The total precipitate was collected and 
warmed on the water-bath with A-hydrochloric acid; it then became 
wholly crystalline. It was dissolved in 10 volumes of A-sodium 
hydroxide and heated on the water-bath for 30 minutes. The 
nitro-acid was obtained on acidification in colourless needles rapidly 
transforming to plates; yield 9* 1 g. The original mother-liquors con¬ 
tained additional acid, which was isolated by concentration. This 
acid is a dihydrate (Found : Loss at 95°, 8*4. C^H-uOgNgSAs^E^O 
requires H s O, 8*2%. Found on anhydrous material: S, 8*0, 7*6. 
CigHijOgN^As requires S, 7*7%). It is soluble in 32 parts of 
boiling water and separates in very pale bufi-coloured rhombs or 
prisms. (For its colour reactions, see next paragraph.) The 
maximum tolerated dose is 0*2 mg. 

3' -AminobenzenesulphonylA-amino - 2 - hydroxyphenylarsinic Acid .— 
This acid was prepared from the nitro-acid in 63% yield by means 
of ferrous chloride and alkali. It tends to form an iron complex in 
the alkaline extracts of the ferric hydroxide precipitate just as does 
its isomeride described above. It can be isolated, however, in exactly 
the same way (Found : S, 8*1. C 12 H 13 0 6 N 2 SAs requires S, 8*3%). 
It is readily soluble in boiling water and crystallises in tufts of 
fine needles. In -mineral acids it is very readily soluble. When 
dissolved in sodium hydrogen carbonate solution, it gives a clear 
deep yellowish-brown colour with ferric chloride and a bright 
emerald-green colour with copper sulphate. Under comparable 
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conditions, the parent nitro-acid gives with ferric chloride a clear 
reddish-brown solution and with copper salts an olive-green solution* 
The parent acid of this group, 4-amino-2-hydroxyphenylarsinic acid, 
gives a reddish-brown solution with ferric salts and an emerald- 
green solution with copper sulphate. The maximum tolerated dose 
is 0*025 mg. 

ISi-p-Toluenesulphonyl-o-aminophe'aol (VIII; B = H).—When 
prepared by the process described by Eeverdin and de Luc {Ber. y 
1914, 47, 1538) for the isomeric derivative of m-aminophenol, this 
sulphonamide was obtained in very good yield and agreed in 
properties with the description given by Troger and Ullmami (J. pr. 
Chem., 1895, 51, 441). It dissolves on warming with dilute aqueous 
sodium carbonate; the solution becomes turbid on cooling and gives 
a bright purple colour on addition of ferric chloride. With cobalt 
nitrate, it gives a pink colour with an absorption band in the yellow- 
green. 

JS-p-Toluenesulphonyl-o-methylaminophenol (IX) was prepared 
by extending Eeverdin and deXuc’s method to o-methylaminophenol. 
o-Methylaminophenol sulphate (“ Ortol,” 4*3 g.) and sodium acetate 
(6*8 g.; hydrated) were dissolved in 50% alcohol (100 c.c.) and 
heated for 30 minutes on the water-bath, p-toluenesulphonyl 
chloride (4*75 g.) being added in several portions from time to time. 
On cooling, N-pJohienemlphonyl-o-methytaminophenol (4*6 g.) 
separated in white needles. It was recrystallised from glacial acetic 
acid and showed m. p. 127—128° (Found: S, 11-3. C 14 H 15 0 3 NS 
requires S, 11-6%). It is readily soluble in caustic alkali but 
insoluble in dilute acids. It is unchanged by nitrous acid. Its 
solution in boiling dilute aqueous sodium carbonate becomes turbid 
on cooling, but gives no purple colour with ferric chloride and no 
pink colour with cobalt nitrate. 

ISA-Toluenmulphonyl-S-amino A-hydr oxybmzoic Acid (VIII; 
B = C0 2 H).—Aminohydroxybenzoic acid (1*5 g.) was dissolved in 
10 c.c. of pyridine and treated with 2*37 g. of toluenesulphonyl 
chloride. After 12 hours, the mixture was poured into A-hydro- 
chloric acid, the solid collected, and boiled for 30 minutes with 
^-sodium hydroxide. On acidification the sulphonamide separated 
straightway almost pure in 77% yield. For analysis it (2*3 g.) was 
reerystallised from the minimum volume (50 c.c.) of 50% (by vol.} 
acetic acid and separated in glistening, pale straw-coloured, wedge- 
shaped prisms, m. p. 250° (decomp.) (Found : S, 10*7. c u h 13 o 5 ns 
requires S 5 10*4%). In sodium hydrogen carbonate solution it gives 
an intense purple colour with ferric chloride and a bright pink colour 
witheobalt nitrate, the solution showing an absorption band in the 
yellowish-green part of the spectrum. 
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l$-p-Toluenesulphonyl-p-methylami7iophenol was prepared following 
Reverdin’s directions for his so-called O-tohienesulphonyl-A’-p- 
monomethylaminophenol. It melts at 136—137° (Reverdin gives 
135°) and crystallises in needles from dilute alcohol or benzene. It 
is insoluble in dilute acids and unchanged by nitrous acid, but is 
readily soluble in sodium hydroxide and in sodium carbonate 
solution on warming. When dissolved in sodium carbonate solution, 
it does not give a coloration with ferric chloride. 

p -Xanthylphenylarsinic Acid (XII).—Sodium -p-aminophenyl- 
arsinate pentahydrate (32*9 g.) was diazotised at 0° in 200 c.c. of 
water and 30 g. of concentrated hydrochloric acid, and the product 
run slowly into a rapidly stirred solution of 20 g. of potassium 
xanthate in 420 c.c. of a 10% solution of hydrated sodium carbonate, 
kept at 80°. After being stirred for 1 hour, the solution was cooled 
and acidified. The precipitated resin solidified after a few hours 
and was submitted to a partial purification by dissolution in sodium 
carbonate solution, filtration from insoluble by-products, and 
reprecipitation by acids. The yield of crude xanthate was 62% 
(Found: S, 18*8. C 9 H 11 0 4 S 2 As requires S, 19*9%). The acid 
could not be obtained crystalline nor of a higher sulphur content, 
but it behaved normally on oxidation. 

Oxidation of p -Xanthylphenylarsinic Acid .—Five g. of crude 
p-xanthylphenylarsinic acid were heated on the water-bath for 2 
hours with 100 c.c. of SA-nitric acid and finally to boiling for § hour. 
When cold, the crystalline acid was collected (yield 82%). Diphenyl 
disulphide pp '-diarsinic acid (XIII) dissolves in 900 parts of boiling 
water, from which it crystallises in narrow plates or needles. It 
crystallises much more readily from 200 parts of 2A T -nitric acid 
(Found: As, 32*2; S, 13*9. C 12 H 12 0 6 S2As 2 requires As, 32-2; 
S, 13-8%). A1 % solution in 0*2iV'-ammonia treated with 5% barium 
chloride solution gave, on heating, a barium salt crystallising in 
needles. On cooling, the barium salt rapidly re-dissolved, but was 
again precipitated on heating. The acid has a maximum tolerated 
dose of 0-002 mg. 

The nitric acid mother-liquors of the above oxidation were 
evaporated to a syrup with repeated additions of water to remove 
the excess of nitric acid. They were then diluted and treated with 
sufficient baryta to precipitate the sulphuric acid present. On 
evaporation the solution set to a crystalline magma of p -sulpho- 
phenylarsinic acid (XIV). This was redissolved in water, and the 
solution evaporated until a crust formed. On keeping, the acid 
separated in long prisms. These are extremely soluble in water, but 
can be freed from the mother-liquors by washing with glacial acetic 
acid. The whole of the p-xanthylphenylarsinic acid unaccounted 
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for as disulphide appears to be present as sulpho-acid. The sulpho- 
acid was, however, more readily obtained as follows. The disulphide 
(5 g.) was boiled with 50 c.c. of 6W-nitric acid for 4 hours. The 
clear solution was evaporated dry and left 6*0 g. of crude sulpho- 
arsinic acid. This was crystallised once from water and washed 
with glacial acetic acid (Found: Loss at 95°, 5*8. C 6 H 7 0 6 SAs,H 2 0 
requires H 2 0, 6*0%. Found on anhydrous material: S, 11*6- 
C 6 H 7 0 6 SAs requires S, 11*4%). This acid also crystallises occa¬ 
sionally in hexagonal plates, possibly an anhydrous form, as it 
frequently appears as a crust on the surface of hot saturated solutions. 
The maximum tolerated dose is 0*5 mg. 

The disulphide is reduced by hypophosphorous acid in the presence 
of a trace of iodide to an insoluble, yellow arseno-compound, probably 
thiolarsenobenzene, because it is insoluble in sodium hydrogen car¬ 
bonate but soluble in caustic alkali. Under similar conditions, at 
50—55° p-sulphophenylarsinic acid is reduced to p -sulphophenyl- 
arsenobenzene, which is very soluble in water and can be isolated in 
a crude condition as a yellow, gelatinous product by evaporation of 
the reduction liquors in a vacuum over sulphuric acid. 

The National Institute for Medical Research, 

Hampstead, N.W. 3. [ Received , February 24 th, 1926.] 


CLXXVII .—The Action of Phosphorus on Salts of Silver 
and Other Metals . 

By Oswald James Walker. 

It has long been known that yellow phosphorus is able to pre¬ 
cipitate many heavy metals from solutions of their salts, and 
attempts have been made to obtain quantitative information about 
the phenomenon by determining the ratio of metal deposited to 
phosphorus which had reacted. Using solutions of copper sulphate, 
Straub (Z. anorg. Chem 1903, 35, 460) investigated the ratio of 
the amount of copper deposited to the total amount of phosphorus 
which had reacted (i.e., phosphorus as phosphide and phosphoric 
acid), but he did not obtain any definite value. He concluded 
that the action proceeded in stages, and that when it was incom¬ 
plete or when atmospheric oxygen was rigorously excluded 1 atom 
of phosphorus precipitated 2 atoms of copper. Tauchert (Z. anorg. 
Chem*, 1913, 79, 350) obtained similar results, but stated that 
hypophosphoric acid was one of the products. Bird and Diggs 
(J. Amer. Chem. Soc., 1914, 36, 1382) also investigated the action 
of phosphorus on copper sulphate and concluded that the main 
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action consisted in the transfer of positive charges from the copper 
ions to the phosphorus, as follows : 

5Cu" + 2P=-2P.+ 5Cu, 

the positive phosphorus ions reacting immediately with water to 
form phosphoric acid. In support of their theory, Bird and Diggs 
found that the ratio of atoms of copper precipitated to phosphorus 
oxidised to phosphoric acid was approximately 5:2. In obtaining 
this ratio, however, they did not include the amount of phosphorus 
present as lower acids and as phosphide. They ascribed these 
products to secondary reactions. 

Experimental. 

In order to determine to what extent phosphorus reacts with 
solutions of salts of the heavy metals and to decide which metal 
would be most suitable for a more detailed investigation, sticks 
of phosphorus were kept in contact with solutions of salts of a 
large number of different metals. Deposits of metallic appearance 
were found on the surface of the phosphorus after varying intervals 
with neutral or slightly acid solutions of salts of the following 
metals—gold, platinum, palladium, silver, mercury, and copper. 
No action was observed, even after several weeks, with salts of 
metals below copper in the electrochemical series, provided that 
the solution was not alkaline. In ammoniacal solution, however, 
salts of the following metals also gave deposits on the surface of 
the phosphorus—lead, nickel, thallium, and, not quite so readily, 
tin, cobalt, cadmium, and zinc. An interesting point of con¬ 
siderable importance is revealed by comparing these results with 
the data which are available for the action of phosphine on metallic 
salt solutions in papers by Kulisch (. Annalen , 1885, 231, 327), 
Moser and Brukl (Z, anorg . Chem ., 1922, 121, 73), and Brukl 
(ibid., 1922, 125, 252). An examination of their results shows 
that those solutions which react with phosphine are exactly those 
which give deposits on phosphorus, and the metals may be divided 
into the same two groups mentioned above with respect to the 
action of phosphine on their salt solutions. Reference to this 
point will be made at a later stage. 

From the above experiments, the most suitable salts for a more 
detailed investigation seemed to be those of silver and copper. 
As silver salts had not been used previously in any quantitative 
study, it was decided to examine more closely the action of phos¬ 
phorus on them and especially on the nitrate. There is no possi¬ 
bility in this case of the metal being reduced to a lower stage of 
valency, and, as will be shown below, the complications due to the 
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formation of phosphide are not so great as with copper salts. In 
order to minimise any oxidising effect due to the free nitric acid 
formed, concentrations not greater than N/ 10 were used as a rule. 

Action of Yellow Phosphorus on Silver Salts . 

The phosphorus used throughout the course of this work was 
purified by warming with caustic soda solution, then with potass¬ 
ium dichromate and sulphuric acid, followed by thorough washing. 
It was cast into thin sticks and kept under water in the dark. 

When a stick of phosphorus was placed in a N /10-solution of 
silver nitrate, a black, shiny deposit was formed almost imme¬ 
diately on the surface of the phosphorus; bright crystalline silver 
was then slowly deposited which finally became grey and spongy 
when it was all out of solution. After complete deposition of the 
silver, the solution contained phosphoric, phosphorous, and nitric 
acids, and traces of nitrous acid. No hypophosphorous acid, 
hypophosphoric acid, or ammonia was detected. The deposit 
consisted almost entirely of metallic silver, but contained a small 
amount of phosphorus, due to a thin, darker layer next to the 
surface of the phosphorus stick. This thin layer appeared to be a 
phosphide of silver and was probably the same as the black deposit 
first formed when the phosphorus was placed in the silver nitrate 
solution. The amount of phosphorus present in the deposit was 
small compared with that in the solution as oxy-aeids. The ques¬ 
tion of phosphide formation will be considered later* 

With solutions of silver sulphate and of silver acetate the 
reaction proceeded in a similar way. When phosphorus was 
placed in an ammoniacal solution of silver nitrate, a black deposit 
was formed which was converted, after some time, into white, 
crystalline silver. With a solution of silver cyanide in potassium 
cyanide a black deposit was very slowly formed on the surface 
of the phosphorus. 

Quantitative Experiments with Silver Salts. —Experiments were 
made in the first place to determine whether any definite relation¬ 
ship existed between the amount of silver deposited and the total 
amount of phosphorus oxidised. Preliminary determinations 
showed that the ratio of the number of atoms of silver precipitated 
to the number of atoms of phosphorus oxidised, denoted hereafter 
as Ag: P, varied with the length of time during which the phos¬ 
phorus had remained in contact with the solution. Accordingly, 
the ratio Ag : P was determined before complete precipitation of 
the silver had taken place. 

Sticks of phosphorus were placed in solutions of silver nitrate, 
and portions withdrawn at intervals for the determination of the 
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amounts of silver salt and of phosphorus acids in the solution. 
The silver was determined in one portion by Volhard’s method. 
A second portion was evaporated to dryness with aqua regia in 
order to ensure complete oxidation of the phosphorous acid, and 
the phosphoric acid was determined gravimetrically as magnesium 
pyrophosphate. In later experiments, this method was replaced 
by the more convenient volumetric method of Wilkie (J. JSoc. 
Chem . Ind.y 1910, 29, 794), in which the phosphoric acid was pre¬ 
cipitated under given conditions as silver phosphate by means of 
standard silver nitrate solution, the excess of silver nitrate being 
titrated with thiocyanate solution after filtering. 


Table I. 




Time 

Ag pptd. 

P oxid. 

Ag : P 

a—ct 0 

Expt. 

AgN0 3 . 

(hrs.). 

(= a). 

(=&)* 

( = cs /&). 

b-b 

I 

0*1008 

19 

0*0279 

0*00588 

4*74 

— 



48 

0*0764 

0*01810 

4*22 

4*0 



55 

0*0904 

0*02207 

4*10 

3*9 



61 

0*1008 

0*02836 

3*55 

— 

2 

0*1000 

24 

0*0190 

0*00367 

5*18 

— 



48 

0*0704 

0*0156 

4*51 

4*3 



54 

0*0846 

0*0197 

4*29 

4*1 



59 

0*0975 

0*0236 

4*13 

3*9 



72 

0*1000 

0*0303 

3*29 

— 

3 

0*1000 

16*5 

0*0112 

0*00204 

5*49 

— 



24 

0*0210 

0*00428 

4*91 

(4*4) 



41 

0*0608 

0*01419 

4*29 

4*1 



65 

0*0996 

0*02686 

3*70 

3*6 

4 

0*1000 

16*5 

0*0120 

0*00243 

4*94 

— 



24 

0*0228 

0*00470 

4*85 

(4*8) 



41 

0*0624 

0*01472 

4*24 

4*1 



65 

0*1000 

0*02826 

3*54 

— 

5 

0*502 

— 

0*1060 

0*0187 

5*66 

_ 



— 

0*1555 

0*0305 

5*09 

4*2 


The results of several experiments with solutions of silver nitrate 
are in Table I, all concentrations being given in g.-atoms or g.-mols. 
per litre. The general conclusions may be summarised as follows : 

1. The ratio Ag; P varied during the deposition of the silver 
from a value of more than 5 : 1 near the beginning of the reaction 
to about 3-6:1 at the point corresponding to complete deposition 
of the silver. 

2. No appreciable oxidation of the phosphorus by the oxy-acid 
set free from the metallic salt took place. Experiments in which 
solutions of the sulphate were used, in order to avoid the form¬ 
ation of nitric acid, gave results similar to those obtained with 
the nitrate solutions. 

3. The phosphorus was not appreciably oxidised by atmospheric 
oxygen. Similar results were obtained whether air was bubbled 
through the solution (Expt. 3) or completely excluded (Expt. 4) 
during the deposition of the silver. 


3 a* 2 
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4. The oxygen necessary for the oxidation of the phosphorus 
must therefore come from the decomposition of the water. 

A further slow oxidation of the phosphorus took place even 
after complete precipitation of the silver. This is shown by the 
results in Table II. In these experiments equal quantities of a 
standard silver nitrate solution were sealed up with phosphorus 
sticks in small bulbs. After sufficient time had elapsed to allow 
all the silver to be deposited, the bulbs were opened at varying 
intervals and the total phosphorus acids were determined in the 
solution. It will be seen that the quantity of phosphorus oxidised 
increases with the time, and that the values of the ratio Ag : P 
are much lower than those obtained before complete precipitation 


of the silver. 


Table II. 



Expt. 

Time (days). 

Ag pptd. 

P oxid. 

Ag : P. 

1 

6 

0*00250 

0*000717 

3*49 


9 


0*000807 

3*10 


14 


0*000865 

2*89 

2 

7 

0*00277 

0*000857 

3 23 


17 


0*00120 

2*31 


The points obtained by plotting against one another the values 
of silver precipitated and phosphorus oxidised before complete 
precipitation of the silver lie approximately on a straight line 
which corresponds to a constant ratio of Ag: P of 4: 1 but which 
does not pass through the origin. The ratio Ag : P calculated from 
the actual values of silver precipitated and phosphorus oxidised 
has, on the other hand, been shown to decrease with time. If, 
however, the ratio Ag: P is calculated by taking, not the values 
of total silver precipitated and total phosphorus oxidised from 
the beginning of the reaction, but the differences between subse¬ 
quent values and the first value (a 0 or 6 0 ) in each experiment, a 
much more constant ratio Ag : P is obtained, as shown in the last 
column of Table I. The average value is 4*0:1, if the two values 
shown in brackets, which are obtained from small differences, are 
neglected. 

It would appear, therefore, that whilst at the beginning of the 
reaction the ratio Ag : P is higher than 4:1, after a certain time 
the main reaction taking place corresponds approximately to the 
precipitation of 4 atoms of silver for every atom of phosphorus 
oxidised. 

Formation of Phosphorous Acid .—It was thought desirable to 
examine whether any definite relationship existed between the 
amounts of silver deposited and of phosphorous acid formed. 
Bird and Diggs supposed that the formation of phosphorous acid 
was due to the reduction of the phosphoric acid by the excess of 
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phosphorus, but this is most improbable. The further reaction 
between the phosphorous acid formed and the silver nitrate still 
in solution would, of course, introduce a complication, but experi¬ 
ments made to test this reaction showed that it was negligible in 
the concentrations used. 

Phosphorus sticks were placed in solutions of silver nitrate and 
the amounts of phosphorous acid and of silver salt in the solution 
were determined at intervals. Phosphorous acid was estimated 
by the iodimetric method of Boyer and Bauzil (J. Pharm. Chim. t 
1918,18, 321), after the excess of silver salt had been precipitated 
with potassium iodide. The results of several experiments are 
in Table III. 

Table III. 




Ag pptd. 

% of total 

h 3 po 3 

Ag : H 3 PO 3 

a~a 0 

Expt. 

AgNO s . 

(= «)• 

Ag pptd. 

(=*>). 

(«*/&). 

b-b 0 

1 

0*10 

0*0704 

70 

0*01070 

6*6 

— 



0*0846 

85 

0*01286 

6*6 

6*6 



0*0975 

98 

0*01496 

6*5 

6*4 

2 

0*10 " 

0*0099 

9*9 

0*00124 

8*0 

— 



0*0323 

32 

0*00488 

6*6 

6*2 



0*0420 

42 

0*00654 

6*4 

6*1 



0*0492 

49 

0*00770 

6*4 

6*1 



0-09S8 

99 

0*01638 

6*0 

5*9 

3 

0*481 

0*0695 

14 

0*00804 

8*7 

— 



0*0850 

17 

0*01038 

8*2 

6*6 



0*1240 

25 

0*01618 

7*7 

6*7 



0*425 

85 

0*0619 

6*9 

6-4 

4 

0*502 

0*0755 

15 

0*00676 

11*2 

— 



0*0825 

16*5 

0*00794 

10*5 

5*9 



0*0910 

18*4 

0*00922 

10*0 

6*3 


With N /10-solutions, the ratio of silver precipitated to phos¬ 
phorous acid formed (Ag : H 3 P0 3 ) is fairly constant, with the 
exception of one determination which was made near the begin¬ 
ning of the reaction. In Expts. 3 and 4, iV72-silver nitrate was 
used and determinations of the ratio Ag : H 3 P0 3 were made before 
25% of the total silver had been precipitated. The results are 
higher and not constant. If, however, the values of silver pre¬ 
cipitated and phosphorous acid formed are plotted against one 
another, the points lie on straight lines having a slope corresponding 
to a constant ratio of Ag: H 3 P0 3 of 6*3: L By subtracting in 
each experiment the first values of silver deposited (a 0 ) and of 
phosphorous acid formed (b 0 ) from the subsequent values, and by 
using these differences to calculate the ratio Ag: H 3 P0 3 , fairly 
constant figures are obtained, as is shown in the last column of 
Table III. 

From the quantitative experiments already mentioned, it would 
appear that phosphorous and phosphoric acids are produced simul¬ 
taneously in constant proportion during the action of phosphorus 
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on silver nitrate, if we neglect the first stages of the reaction. In 
the following table are the results of an experiment in which the 
phosphorous acid and the total oxidised phosphorus (H 3 P0 3 + 
H 3 PO 4 ) were determined in a solution of silver nitrate in contact 
with phosphorus, at varying intervals before the silver was com¬ 
pletely precipitated. 

Table IV. 


H3PO3 (= a). 

h s po 3 + h 3 po 4 
(=6). 

a,jb. 

®-<*o 

o—b 0 

0-00318 (= a,) 

0-00367 (= &„) 

0-87 

— 

0-0107 

0-0156 

0-69 

0-63 

0-0129 

0-0197 

0-65 

0-60 

O-OloO 

0-0236 

0-63 

0-59 


The figures in the third column show, however, that near the 
beginning of the reaction phosphorous acid is the chief product 
formed. 

Electrochemical Nature of the Reaction between Phosphorus and 
Metallic Salt Solutions. 

Wohler ( Annalen , 1851, 79, 126) found that when phos¬ 
phorus was placed in a solution of copper sulphate, copper was 
deposited on a copper wire in contact with the phosphorus. Wicke 
{ibid., 1852, 82, 145) likewise noticed that silver was deposited 
on the surface of a silver wire in contact with phosphorus placed 
in silver nitrate solution; and Bird and Diggs (loc. cit.) described 
similar experiments which they regarded as evidence strongly in 
favour of their electrochemical theory. 

Experiments were made to determine whether deposition of 
metal would take place on any conducting surface in contact with 
the phosphorus. Platinum, gold, silver, and carbon were kept 
in contact with phosphorus sticks immersed in solutions of silver 
nitrate or of copper sulphate. In every case silver or copper 
was deposited on the conducting surface at points far removed 
from the phosphorus. No metal was deposited on non-conducting 
surfaces in contact with the phosphorus, such as glass, or on a 
conducting surface which did not touch the phosphorus. 

These experiments suggest that an action of an electrochemical 
nature is taking place and this is shown more clearly by the follow¬ 
ing experiment. A stick of phosphorus was fused on to a platinum 
wire and placed in a porous pot containing A/lO-silver nitrate 
and standing in a beaker filled with silver nitrate of the same con¬ 
centration. The free end of the platinum wire was bent over so 
as to make metallic connexion between the inner and outer solu¬ 
tions. Silver was deposited on the phosphorus and on the platinum 



ON SALTS OF SILVER AND OTHER METALS. 1377 

wire in the inner solution, and after some time the platinum wire 
dipping into the outer solution was covered with a bright deposit 
of crystalline silver. Silver was also deposited on the outer wall 
of the porous diaphragm at points which had apparently no metallic 
connexion with the platinum wire or with one another. In ex¬ 
periments in which no platinum wire was used, a stick of phos¬ 
phorus alone being placed in the inner solution, deposition of 
silver again took place on the outer wall of the porous cell. This 
was found to be due to silver being deposited in the pores of the 
diaphragm, thus establishing metallic connexion between the inner 
and outer solutions. Deposition of silver on the outer wall of the 
diaphragm took place only when the inner wall was in metallic 
connexion with the phosphorus. Similar results were obtained by 
using solutions of silver sulphate or silver acetate. 

In all these experiments metal ions were discharged and metal 
deposited—in some cases at a considerable distance from the 
surface of the phosphorus—only at such points as were in metallic 
connexion with the phosphorus surface, the contact being estab¬ 
lished either by the metal already deposited or by another con¬ 
ductor. The physical state of the silver and copper deposited by 
means of phosphorus in these experiments strongly resembled the 
state in which these metals are deposited from their salt solutions 
by an electric current. These facts favour the view that an action 
of an electrochemical nature takes place, i.e. } a direct discharge of 
ions to the metallic state. 

Formation of a Phosphide. 

The quantitative results show that owing to the formation of a 
phosphide in the early stages of the reaction the precipitation of 
the silver is not accompanied by the oxidation of an exactly 
equivalent amount of-phosphorus. It was not found possible to 
ascertain the constitution of the phosphide formed, but indirect 
evidence indicates the probability that it is the compound Ag 3 P. 
Moser and Brukl ( Z . anorg. Chem ., 1922, 121, 80) obtained this 
compound by the action of phosphine on silver nitrate solution 
and showed that it was an unstable substance capable of reacting 
with an excess of silver salt to give metallic silver and acids of 
phosphorus. The phosphide obtained by the action of phosphorus 
on silver nitrate was likewise decomposed by excess of silver salt. 
The deposit obtained by keeping a stick of phosphorus in silver 
nitrate solution for a short time was separated from the phos¬ 
phorus, washed, and placed in ^/10-silver nitrate. Ten c.c. of this 
solution, immediately after introduction of the silver deposit, were 
equivalent to 9-85 c.c. of a thiocyanate solution. After a few days, 
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10 c.c. required only 9-05 c.c. of the thiocyanate, and the solution 
gave a precipitate with ammonium molybdate, thus showing that 
silver had been precipitated and phosphorus oxidised. 

The work of Christomanos (Z. anorg . Chem., 1904, 41, 309) on 
the action of phosphorus dissolved in ether or in benzene on solu¬ 
tions of copper salts pointed to the formation of a phosphide having 
the formula Cu 5 P 2 . In the case of silver salts, a black phosphide 
was formed, but no definite compound was isolated. Experiments 
were made to determine the constitution of the phosphide obtained 
by shaking a solution of silver nitrate with solutions of phosphorus 
in ether, benzene, and carbon disulphide. The black precipitate 
so obtained became greyer in colour after standing in contact 
with excess of silver salt, and it gradually assumed the appearance 
of metallic silver. The proportion of silver to phosphorus in the 
black precipitate first formed varied considerably owing to the 
difficulty in washing it free from excess of phosphorus without 
causing decomposition. The values obtained for the ratio Ag :P 
in the washed, but damp, precipitate varied between 2*5 : 1 and 
3*9 :1. It seems probable that, in this case also, Ag 3 P is formed. 

After a solution of silver nitrate had been shaken with a solution 
of phosphorus, the aqueous layer always contained phosphorous 
and phosphoric acids. The ratio of silver precipitated to phos¬ 
phorus oxidised was determined. In the early stages, when the 
precipitate was quite black and consisted almost entirely of phos¬ 
phide, high values of the order of 10 : 1 were obtained for the ratio 
Ag: P. When the mixture had stood for several days until the 
precipitate appeared to consist wholly of metallic silver, the ratio 
Ag: P lay between 5 : 1 and 3:1, i.e., the values were of the same 
order as those obtained in the experiments with phosphorus sticks. 
The presence of phosphorous acid in the above experiments was 
due to the first reaction, viz., the formation of phosphide. Silver 
phosphide, prepared by the action of phosphine or of solutions of 
phosphorus in various solvents, was washed and placed in a fresh 
quantity of silver nitrate solution. The phosphide was slowly 
oxidised to silver and phosphoric acid, no phosphorous acid being 
produced. 

Action of Phosphorus on Solutions of Copper Salts . 

The amount of phosphide formed in the case of copper salts 
was quite appreciable. Experiments with A/10-copper sulphate 
showed that, at the point corresponding to complete precipitation 
of the copper, about 13% of the total phosphorus which had 
reacted was present as phosphide, the remainder being in thesolu¬ 
tion as phosphorous and phosphoric acids. In the case of silver 
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salts, practically all the phosphorus which had reacted was present 
in the solution as oxy-acids. 

If, however, the stick of phosphorus covered with the deposit 
of phosphide and copper was kept in contact with the solution 
for a long period, more phosphorus was oxidised, even if atmo¬ 
spheric oxygen was excluded, and eventually no phosphide was 
left in the deposit. This disposes of the suggestion of Bird and 
Diggs, who stated that the bright deposit of copper on remaining 
in contact with the phosphorus was gradually converted, as a 
secondary reaction, into the black phosphide. In the case of 
copper precipitated from a solution of the sulphate, the deposit 
was certainly found to turn black on standing, but it then con¬ 
tained no phosphorus. The deposit obtained from copper nitrate 
solutions retained its bright coppery colour for months. The 
experimental evidence shows that the phosphide formation takes 
place between phosphorus and metal ions, and not between phos¬ 
phorus and the metal. 

A determination was made of the ratio between the amounts of 
copper precipitated and of phosphorus oxidised before complete 
precipitation of the metal, the procedure being the same as in the 
case of silver nitrate. N /10- and N /2-Solutions of copper sulphate 
and copper nitrate were used. Copper was estimated in the solu¬ 
tion volumetrieally by means of thiosulphate solution. The values 
of copper precipitated and of phosphorus oxidised, expressed in 
g.-atoms per litre, are in Table V, the concentrations of copper 
salts being expressed in g.-mols. per litre. 





Table V. 






Time 

Cu pptd. 

P oxid. 

Cu : P 

a - (Zn 

— o x 
b—b o 

Expt. 

Cu salt. 

(hrs.). 

(=<*)• 

(=5). 

{= 2ajb). 

1 

005 

39 

0*0351 

0*0145 

4-8 

— 


CuS0 4 

47 

0*0394 

0*0170 

4*6 

3*8 



69 

0*0470 

0*0209 

4-5 

3*8 

o 

0-05 

39 

0*0319 

0*0135 

4-7 

_ 


Cu(N0 3 ) 3 . 

47 

0*0361 

0*0156 

4*6 

4-1 


69 

0*0445 

0*0199 

*4*5 

3*9 

3 

0*25 

48 

0*1523 

0*0622 

4*9 

— 


CuS0 4 

88 

0*2407 

0*1051 

>6 

4-i 

4 

0*25 

40 

0*1437 

0*0549 

5-2 

—, 


Cu(NO s ) a 

88 

0*2483 

0*1115 

4-5 

3*7 


The values of the ratio Cu: P have all been multiplied by 2 in 
order to make them comparable with the values of Ag: P, It 
will be seen that the value of Cu: P depends on the extent to 
which the reaction has proceeded. If, however, this ratio is calcu¬ 
lated as shown in the last column, the disturbing effect of phosphide 
formation near the beginning is avoided and more constant values 
are obtained. As in the case of silver nitrate, after the reaction 



1380 THE ACTION OF PHOSPHORUS ON SALTS OF SILVER, ETC. 

between phosphorus and the metallic salt has proceeded for some 
time, 1 atom of phosphorus is oxidised for every 4 equivalents of 
the metal deposited. 

Discussion and Summary, 

From the experiments with silver and copper salts it appears 
that when a stick of phosphorus is placed in a solution of the 
metallic salt solution a reaction proceeds in two distinct stages. 
The first process is the formation of a black phosphide on the 
surface of the phosphorus; at the same time, the solution is found 
to contain phosphorous acid. After a layer of the phosphide has 
been formed, metal begins to be deposited in a bright crystalline 
state, and phosphorus is oxidised to phosphorous and phosphoric 
acids. During this stage, approximately 4 equivalents of the 
metal are deposited for every atom of phosphorus oxidised. 

With regard to the formation of a phosphide, there can be little 
doubt that it is due to the prior production of phosphine by the 
action of phosphorus on water, another portion of the phosphorus 
being simultaneously oxidised to phosphorous acid. Strong evidence 
for this view is obtained from the exact parallelism which exists 
between the actions of phosphorus and phosphine on salt solutions 
of the heavy metals; only those metallic salt solutions which give 
phosphides by the action of phosphine are able to react with 
phosphorus. Cross and Higgins (J., 1879, 35, 255) found that 
boiling water was decomposed by phosphorus, which was partly 
reduced to phosphine and partly oxidised to oxy-acids, and that, 
in the absence of oxygen, decomposition of the water took place 
only in the presence of certain metallic salts. 

It is suggested, therefore, that the first stage in the action of 
phosphorus on the metallic salt takes place as follows (M and X 
representing an equivalent of the positive and negative radicals, 
respectively): 

2 P + 3H 2 0 = PH 3 + H 3 PCM 
PH 3 + 3MX = PM 3 + 3HX } . (1) 

The appearance of a deposit of the metal evidently depends on 
the preliminary formation of the phosphide. It has already been 
shown that the phosphides of silver and of other metals are capable 
of reacting with excess of the metallic salt to give the metal and 
phosphoric acid. The second stage, therefore, appears to be 

M^P + 5MX + 4^0 = 8M + 5HX + H 3 P0 4 . . (2) 

According to these equations, 4 equivalents of the metal should 
be deposited for every atom of phosphorus oxidised, and this was 
the ratio actually obtained with silver and copper salts. The 
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amount of phosphorous acid, however, was somewhat greater than 
that required by these equations. It is quite possible that this may 
be due to the following reaction proceeding to a small extent along 
with reaction ( 2 ) : 

M 3 P + 3MX + 3H 2 0 = 6 M + 3HX + H 3 PO 3 . . (3) 

As regards the phenomena which have been described as electro¬ 
chemical, it must be assumed that reaction ( 2 ) is responsible for 
their appearance. This reaction consists essentially in the dis¬ 
charge of positive metal ions while phosphorus becomes oxidised, 
i.e., loses electrons, the ionic process may be represented as 

M 3 P + 5M* = 8 M + P., the positive phosphorus ions reacting 

immediately with water to form phosphoric acid. According to 

this view, the P. ions constitute an intermediate stage in the 

transition from phosphide to phosphoric acid. The discharge of 

M* ions and the formation of P.ions may occur at points widely 

separated from one another, provided that a metallic conducting 
path be available for the passage of the necessary electrons. 

In conclusion, I wish to thank Professor Sir James Walker, F.R.S., 
for his interest and helpful advice during the course of this work. 

University of Edinburgh. [ Received , March 10th, 1926.] 


CLXXVIII .—Experiments on the Formation of Mother - 

of-Pearl. 

By Phani Bhttsan Ganguly. 

It is known that mother-of-pearl, like the substance of the pearl, 
consists of calcium carbonate associated with water and an organic 
substance (conehiolin). The following is a typical analysis of mother- 
of-pearl (G. and H. Harley, Proc. Roy . Soc., 1888,43,461): Calcium 
carbonate, 66 * 0 ; organic matter, 2*5; water, 31*0%; total 99*5%. 

As early as 1814, Brewster (Phil. Trans., 1814,104, 397) explained 
the iridescent colours of mother-of-pearl as being due to two factors— 
a grating effect on the surface, and an interference effect caused by 
a thin film of calcium carbonate. The grating effect on mother-of- 
pearl can be easily transferred to a film of gelatin dried on its 
surface, and the distance between the lines can be measured. In 
a recent paper, Lord Rayleigh {Proc. Roy. Soc., 1923, A , 102, 674) 
has shown that the second effect is not due to a single film, but is 
caused by alternate layers of calcium carbonate and conehiolin, 
forming a series of equally spaced thin parallel plates. He ascribes 
the surface effect to the edges of the closely packed alternate layers 
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of inorganic and organic matter. This alternating structure is 
suggestive of the periodic precipitations which occur in the well- 
known Liesegang phenomenon, and as a matter of fact both Liese- 
gang (Kolloid Z., 1913, 12, 181) and Clement and Riviere (Compt. 
rend., 19 22, 174, 1353) have tried to produce structures similar to 
mother-of-pearl by the periodic precipitation of calcium phosphate 
in gelatin. Thus Liesegang allowed sodium phosphate to diffuse 
from an aqueous solution into a gelatin jelly containing calcium 
nitrate. The periodic structures obtained in this way exhibit some 
iridescence, but after a time they lose their lustre and become dull 
and “ chalky. 59 In order to avoid effects due to foreign electrolytes, 
it was decided to study the precipitation of calcium carbonate from 
an aqueous solution of calcium bicarbonate containing a gelatinising 
organic colloid. 

Experimental. 

The solution of calcium bicarbonate was prepared by passing 
carbon dioxide into a saturated solution of lime water. In this way 
a stock solution could be prepared at room temperature containing 
0-0134 g.-mol. of calcium carbonate per litre. 

With organic colloids such as gum arabic, gum tragacanth, and 
fish glue, no iridescent structures could be obtained by the method 
employed in these experiments. The best results were obtained 
with commercial leaf gelatin (containing 10% of moisture and 
1-924% of ash). Iridescent deposits could not be obtained with a 
sample of highly purified and almost ash-free gelatin prepared in this 
laboratory. Liesegang (Z. physikal. Chem ., 1914, 88, 1) has found 
that the best rings of silver chromate are produced when the gelatin 
contains small quantities of “ gelatose 55 (a hydrolytic product of 
gelatin) as well as acid. All samples of commercial gelatin contain 
tc gelatose 95 and therefore are most suitable for the production of 
Liesegang periodic layers. 

The method of procedure was as follows. Varying amounts of 
gelatin were weighed into a series of test-tubes, to which measured 
volumes of water were added. The tubes were then stoppered and 
the gelatin was allowed to swell, after which it was dissolved by 
immersing the tubes in hot water. When the solutions had cooled 
to about 40°, measured volumes of the calcium bicarbonate solution 
were run in, the contents of each tube thoroughly mixed, and drops 
from each placed on clean glass plates. The thin layers of gelatin- 
bicarbonate solution thus produced were allowed to evaporate 
slowly at room temperature. More rapid evaporation either at 
higher temperatures {e.g., 50°) or in desiccators containing drying 
agents (or alkalis to absorb carbon dioxide) failed to give iridescent 
deposits of calcium carbonate. Another factor of importance in the 
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production of iridescence is the initial thickness of the layer of 
solution on the glass plate. The best results are obtained when this 
thickness lies between 1 and 3 mm. 

An examination of the dried layers showed that for a given initial 
concentration of calcium carbonate the result depended on the con¬ 
centration of gelatin. With any given initial calcium carbonate 
concentration and increasing gelatin concentrations, four types of 
product, corresponding to four fairly well demarcated regions, were 
in general obtained : 

Region 1.—If the gelatin concentration lies below a certain value, 
there is produced an irregular crystalline deposit, with a thicker 
aggregation of calcium carbonate crystals at the centre, but no 
iridescence. 

Eig. 1. 



Region 2.—If the gelatin concentration is somewhat higher, 
iridescent specks appear, generally in the centre, together with a 
visible deposit of calcium carbonate crystals all over the area. In 
this case the calcium carbonate usually formed a series of coarse 
irregular rings. 

Region 3.—With a still higher gelatin concentration there is no 
visible deposit of calcium carbonate, and the whole area, now quite 
translucent, shows a beautiful mother-of-pearl-like iridescent colour, 
varying with the angle of observation. 

Region 4.—Finally, if the gelatin concentration exceeds a certain . 
value, the layer remains clear and translucent, but exhibits no colour. 

The general nature of the results obtained is well shown in the 
accompanying figure. The lines AB, AC, AD, together with the 
axes, divide the diagram into the four regions or zones already 
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described, although it must be understood that the positions of these 
lines are not fixed with any great degree of precision. 

Microscopic examination of the thin iridescent plates of gelatin- 
calcium carbonate corresponding to the zone AB—AC shows that 
the slowly decomposing calcium bicarbonate has deposited the 
calcium carbonate in a series of more or less regular and parallel 
layers or sheets resembling those of a Liesegang structure. Various 
photomicrographs were taken and the spacing of the layers was 
determined by means of a Hilger travelling microscope. There were 
present 4000—6000 layers per cm. The accompanying photograph 
shows the type of structure obtained. 

Discussion of Results. 

These experiments show that it is possible to prepare a clear, 
translucent, thin plate or sheet of dried gelatin containing a very 
fine spatially periodic precipitation of calcium carbonate and 
exhibiting the iridescent colour effects characteristic of mother-of- 
pearl. The colours shown by the preparations described in this 
paper are in all probability due to a grating effect caused by the 
closely-spaced layers of calcium carbonate, although it has not been 
found possible to determine by means of sections the exact orienta¬ 
tion of these layers with respect to the surface of the thin plate of 
gelatin. Nevertheless, the photomicrographs show clearly enough 
that the layers of calcium carbonate do not lie parallel to the surface 
of the gelatin plane, but must be oriented at an angle to it which 
probably does not differ much from 90°. Each drop of solution 
produces a thin, more or less circular, lens-shaped disc on the glass 
plate. It is probable that the precipitation of calcium carbonate 
begins at the surface of the outer rim, and proceeds rhythmically 
in a series of closely-spaced concentric rings towards the central part 
of the surface of the evaporating disc of solution. As evaporation 
of water and carbon dioxide proceeds, this rhythmic precipitation 
is carried more or less vertically downwards, i.e., at right angles to 
the main surface of the disc. The result of such a periodic pre¬ 
cipitation would be to yield a grating surface capable of producing 
colours in reflected light, provided the spacing be fine enough. 
Although this is the most probable explanation of the colour effects 
described in this paper, the possibility of colour production by 
interference of light reflected from a series of parallel plates cannot be 
excluded. Taken in conjunction with the work of Brewster and of 
Lord Rayleigh, the synthetic chemical experiments described leave 
little doubt as to the origin of the colours exhibited by mother-of- 
pearl. The thin sheets of gelatin-calcium carbonate which have 
been obtained approach very closely in their nature and structure 



Microphotograph of gelatin-calcium carbonate . X56Q. 

(Corresponding to x in the figure.) 
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to natural mother-of-pearl, and may indeed be described as “ ele¬ 
ments ” of mother-of-pearl, although, of course, the organic colloid 
used is different from the “ conchiolin ” of the natural material. 


1. The deposition of calcium carbonate from a thin layer of an 
aqueous solution of calcium bicarbonate in the presence of gelatin 
has been studied. 

2. The nature of the deposit depends upon the initial concentra¬ 
tion of calcium bicarbonate and the ratio of gelatin to calcium 
bicarbonate. 

3. For any given initial concentration of calcium bicarbonate there 
is a range of gelatin concentrations which yield translucent layers 
showing the iridescent colours characteristic of mother-of-pearl. 

4. The structure of mother-of-pearl has been discussed in the light 
of these experiments and the physical work of Brewster and of 
Lord Bayleigh. 

In conclusion, the author wishes to express his thanks to Professor 
Donnan for suggesting this problem to him and for his kind interest 
and guidance in the work. 

The William Ramsay Laboratories oe Inorganic and 
Physical Chemistry, University College, 

London. [ Received , March 16tk, 1926.] 


CLXXIX.— Aminobenzthiazoles. Part III . The Taut - 
omerism and Unsaturation of the Aminoihiazole 
System . 

By Robert Fergus Hotter. 

As one of the three objects * of this investigation (see Part I, J., 
1925, 127, 2023), the mobility of the symmetrical triad system 
[H]-n-c:n n:on[H] 

* A fourth object, viz., the study of the relation between unsaturation 
and mobility in tautomeric triad systems of the aminothiazole type, ia of 
particular interest in connexion with the whole philosophical aspect of 
tautomerism involving a mobile hydrogen atom (compare Thorpe, J., 1923, 
123, 1361; Kon, Stevenson, and Thorpe, J., 1922, 121, 650), and will be 
fully dealt with in a later paper. In the S-bromo-l-alkylaminobenzthiazoles, 
the increasing molecular volume of the alkyl group in the ethyl, ra-propyl, 
n-butyl, isobutyl series tends to enhance the aminothiazole phase of the 
system, and consequently to increase the stability of the dibromo-addition 
compounds. Indeed, in the ethyl series Mr. Soyka and myself were able 
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* 

in 1-amino- and substituted 1-aminobenzthiazoles has been examined, 
with the result that the tautomerism of the 1-aminobenzthiazole 
system (I) with the corresponding 1-imino-l : 2-dihydrobenzthia- 
zole complex (II) has been established. 

(I.) c 6 h 4 <|>onh 2 ^ c 6 h 4 <|“>c:nh (no 

There are three tests for the mobility of symmetrical triad systems 
(Ingold and Piggott,J., 1922,121,2381; 1923,123,1470): (A) The 
symmetry test, (B) the fission test, and (C) the substitution test 
(compare also Farrow and Ingold, J., 1924, 125, 2543). Only the 
first and third of these tests are applicable to the system under 
discussion. There exists already in the literature of 1-amino- 
benzthiazole evidence of the symmetry type. Thus, whilst the 
classical synthesis of this compound from 1-chlorobenzthiazole 
(Hofmann, Ber ., 1879,12, 1126) is usually regarded as a proof of the 
constitution (I), its synthesis from phenylthiosemicarbazide (Fischer 
and Besthom, Annalen , 1882, 212, 326) * can be formulated only in 
terms of the iminodihydro-structure (II). 

The symmetry test, however, was more definitely established by 
the synthesis of 1-acetylaminobenzthiazole (VII) and 1 -imino- 
2-aceiyl-l : 2-dihydrobenzihiazole (VIII) from the bromides (V) and 
(VI), respectively, which were obtained by bromination of the 
stable and labile forms of acetylphenylthioearbamide (Hugershoff, 
Ber., 1899, 32, 3649; Wheeler, Amer. Chem. J., 1902, 27, 270; 
Hunter, loc. cit.). On hydrolysis, the two isomeric acetyl derivatives 


to isolate both forms of the dibromide, which must be regarded as being of 
the type [H]NBr 2 -C:15TEt and NBr 2 :C-N[H]Et, respectively. These forms 
were strikingly different in physical properties and in their reducibility by 
hydriodic acid (compare West, J., 1924, 125, 710 and other papers). Both 
gave the same ethylamino-base on reduction with sulphurous acid and, more¬ 
over, the labile form was converted into the more stable form by boiling for 
some time with a mixture of bromine and chloroform. This conversion shows 
that it is at least probable that at some stage an equilibrium [H]NBr 2 *C:NEt 
NBr 2 :ON[H]Et, which is apparently a case of retarded mobility (Kon 
and Linstead, J., 1925, 127, 815) involving quinquevalent nitrogen, may 
occur. In view of this, it has seemed desirable to institute a series of experi¬ 
ments on the bromination both of mobile and of “ nascently ” mobile (com¬ 
pare Goss and Ingold, J., 1925, 127, 2776) systems of the amidine type* 

In the bromination of s-di-jS-naphthylthiocarbamide in chloroform (J., 
1925, 127, 2270) two forms of the hexabromide of 2-$-naphthylamino - a - 
naphthathiazole were accidentally isolated, and only one of these was obtained 
by bromination of the naphthathiazole base itself. 

* Fischer and Besthom’s “ phenylthipcarbazine,” obtained by the action 
* 20 % hydrochloric acid on phenylthiosemicarbazide at 125—130°, was 
^ ihown by Hugershoff [Ber., 1903, 36, 3134) to be 1-aminobenzthiazoie* 
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(VII and VIII) yielded the same 1 -aminobenzthiazole (or 1-imino- 
1 : 2-dihydrobenzthiazole). 


(mo PhXH >C ' KHAo 


piua^o 1 ™* <IV) 


t 

(V.) C 6 H 4 <|^> C .NHAc 


* 


(VL: 


Y 

(VII.) C 6 H 4 <g>ONHAe 

\ 

(I.) 


c « h * < Ia? >c:nh (VnL) 

/ 


(II.) 


With regard to the third test (C), it was found that 1-amino- 
benzthiazole methylates almost exclusively in the imino-form (II), 
yielding l4mino-2-methyl- 1 : 2-dihydrobenzthiazole (XI), whose con¬ 
stitution was established by rational synthesis from os-methylphenyl- 
thiocarbamide (IX) by way of the dibromide (X). During the 
methylation a more soluble isomeride was also produced. This, 
owing to experimental difficulties, could not be obtained pure, but 
it was undoubtedly \-methylaminobenzthiazole (XIV), which was 
also synthesised from s-methylphenylthiocarbamide (XII) by way 
of the tetrabromide (XIII). [Formulae IX, X, and XI are IV, VT, 
and VIII, respectively, and XII, XIII, and XIV are III, V, and VII, 
respectively, all with Me in place of Ac.] 

The ethylation of 1-aminobenzthiazole proved more troublesome 
than the methylation. The bulk of the product was, however, 
finally identified as l-imino-2-ethyl-l : 2-dihydrobenzthiazole , whose 
constitution was established by its synthesis from os-ethylphenyl- 
thioearbamide by way of the fetfrafcromo-addition compound as in 
the case of the corresponding methyl derivative. 

The acetylation of 1-aminobenzthiazole was studied in the hope 
of isolating both acetyl derivatives (VII and VIII). The base 
acetylated almost completely in the amino-form (I), giving 1-acetyl- 
aminobenzthiazole, and although on several occasions the presence 
of a small amount of a low-melting acetyl derivative was observed, 
the second isomeride could not be isolated pure. 

The substitution test (C), therefore, supports the symmetry test 
(A), since with a reagent favouring the imino-form, the triad system 
reacts almost completely in this form, the methyl group attaching 
itself almost exclusively to the less basic nitrogen atom (Marekwald, 
Annalen , 1895, 286, 343; von Pechmann, Ber n 1895, 28, 869, 2362; 
1897, 30,1779; Cohen and Marshall, J., 1910, 97, 328), whilst with 
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acetic anhydride, which favours the amino-form, the amidine system 
reacts almost completely in the latter form, yielding the 1-aeetyl- 
amino-derivative. 

Although experimental difficulties prevented the isolation in a 
pure condition of two methyl or ethyl derivatives, there can be no 
doubt that in both cases both alkyl derivatives were actually present, 
for Pyman has shown (J., 1923,121, 367, 3359) that, on alkylation, 
an amidine whose two nitrogen atoms differ in basicity invariably 
yields two alkyl derivatives, a very small quantity of the isomeride 
corresponding to the more basic form of the amidine accompanying 
a large quantity of the more readily formed alkyl derivative. The 
two nitrogen atoms in the aminothiazole system differ considerably 
in basicity, this being shown by the base acetylating almost com¬ 
pletely in the more basic form. 

Mobility in 1-aminobenzthiazole having thus been established, 
the general chemistry of the substance was studied. The base was 
readily converted into an unstable diazonium chloride, which coupled 
with (3-naphthol in the usual way. Attempts to convert the 
diazonium chloride into 1-hydroxybenzthiazole, however, invariably 
yielded 1 -ammoazobenzthiazole hydrochloride, 

c 6 h 4 <|:>c-n 2 -c 6 h 3 <|:>c-nh 2) hci 

{compare Hantzsch and Popp, Annalen , 1889, 250, 257). 

The aminothiazole appeared to react in the normal way with 
formaldehyde and acetaldehyde, but pure condensation products 
could not be isolated. Attempts to condense the base with 
benzaldehyde failed. This is readily understood, however, since 
the formation of the benzylidene derivative would involve the 
removal of both the mobile hydrogen atom and the potentially 
mobile hydrogen atom of the triad system. 

The base benzoylated normally, giving 1 -benzoylaminobenzthiazole, 
which on treatment with an excess of bromine yielded a teirabrom ide 
(formula as V). Under the influence of dilute alcohol this yielded 
5- bro7rw-l-benzoylaminobenzthiazole . The fact that the presence 
of a benzoyl group only allows the formation of a tetrabromide in 
circumstances in which 1 -acetylaminobenzthiazole readily passes 
into a hexabromide is probably to be attributed to the steric effect 
of the phenyl group in the benzoylamino-residue. 

1-Aminobenzthiazole reacts very readily with sodium hypo¬ 
chlorite, yielding a deep purple dye of the rosaniline type. 

On treating 1-aminobenzthiazole hydrochloride with alcoholic 
ethyl nitrite, neither the expected l-imino-2-nitroso-l : 2-dihydro- 
benzthiazole nor benzthiazole itself was produced, but the hydro - 
chloride of a new base, isomeric with 1-aminobenzthiazole, which 
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crystallised in beautiful ruby-red prisms. The base itself was very 
pale yellow. A similar reaction was observed in the cases of 
1 -amino-3-methyl- and 1 -amino-5-methyl-benzthiazole. Possibly 
the intensely coloured hydrochloride and the base may have formulae 
(XV) and (XVI)), respectively (compare Kehrmann, Ber., 1906, 39 , 
914; Smiles and Hilditch, J., 1908, 93 , 145, 1687; Battegay and 
Vechot, Bull . Soc . chim., 1925, 37 , 1271). 


XV.) 




V 


C-NH, 


%/M/ 

i 


/\/ 
[ ii 
%/\ 
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C-NH, 


■N- 
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(XVI.) 


The tautomerism of 5-bromo-l-ammobenzthiazole and 5-bromo- 
1 imino-I : 2-dihydrobenzthiazole was established by means of the 
symmetry test (A). The hexabromide of 1-acetylaminobenzthiazole, 

QT> _ 

C 6 H 4<NBr ^C'NHAc, was converted into 5-bromo-l-acetyl- 

aminobenzthiazole , and the dibromide of 1-imino-2-acetyl-1 : 2-di¬ 
hydrobenzthiazole (VI) into the isomeric 5-bromo-l-imino-2-acetyl - 
1 : 2-dihydrobenzthiazole , by treatment with dilute alcohol (compare 
Hunter, J., 1925, 127 , 2026). On hydrolysis both these 5-bromo- 
acetyl derivatives yielded the same 5-bromo-l-aminobenzthiazole 
(formula as I or II). The fission test (B) is inapplicable in this 
case, and the substitution test (C) was not investigated in view of 
the difficulties encountered in the previous case. 

In view of the curious observations made regarding the bromides 
of the o-, m- } and p-toluidinomethylbenzthiazoles (loc. cit .), 
the bromo-addition compounds of 1-amino-3-methyl-, 1-amino- 
4-methyl- and l-amino-5-methyl-benzthiazole were examined. 
Whereas o-tolylthiocarbamide readily passed into the dibromide of 
the first, m-tolylthiocarbamide gave the labile tetrabromide of the 

second, C 6 H 3 Me<^g ^ ^>CdSTH 2 , whilst p-tolylthioearbamide 

yielded a more stable £n6romo-addition compound of the last, which 
is doubtless the hydrobromide of the dibromide. This tribromide 
was on one occasion isolated in two forms (compare the case of 
2-p-naphthylamino-a-naphthathiazole hexabromide, J., 1925, 127 , 
2274). 

Bromination of m-xylylthiocarbamide gave the tetrabromide of 
I-amino-3 : 5-dimethylbenzthiazole, which is the most labile amino- 
thiazole bromide so far isolated. The instability is clearly to be 
attributed to the methyl groups in positions 3 and 5, there being no 
possibility either of o- or of p-migration of bromine into the aromatic 
nucleus (compare Fries, Annalen , 1906, 346, 128). 
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Lastly, the bromides of 2-amino-£-naphthathiazole (XVII) and 
2-amino-a-naphthathiazole (XVIII) were examined. Both a- and 
p-naphthylthiocarbamide on bromination readily yielded the 
tetrabromides of (XVII) and (XVIII), respectively. These are 
compounds of the usual type, but are more stable than the bromides 
of the aminobenzthiazole series, no doubt owing to the presence of 
the naphthalene nucleus, since the bromo-addition compounds of 
2-P-naphthylamino-a-naphthathiazole iloc. cit.) are remarkably 
stable under ordinary laboratory conditions. 

n=o-nh 2 s—<>nh 2 

(xvii.) . /yy N (XVIII.) 

\/\/ \/\/ 

1 -Imino-2-methyl-1 : 2-dihydrobenzthiazole (XI) on bromination 
yielded a stable orange-yellow tribromide of the type obtained by 
exposing the higher bromides of the 1-tolylaminodimethylbenzthi- 
azole series ( loc . cit.) to moist air. 

The dibromide of 1-aminobenzthiazole (XIX) (Hugershoff, Ber., 
1901, 34 , 3130; 1903, 36 , 3121) obtained by brominating phenyl- 
thioearbamide in chloroform, on treatment with warm water, is 
instantly converted into 5-bromo-1 -imino-1 : 2-dihydrobenzthiazole 
hydrobromide (XX). 

(XIX.) i\ S "W^ B < X | /S_ > c:NH (XX ° 
\/\N[H]Br/ \/ v N[H],HBr 

This transformation is clearly a para-migration, analogous in 
some respects to the X-bromoacetanilide —> p-bromoacetanilide 
isomerisation (Chattaway and Orton, J., 1899, 75 , 1046; 1900, 
77, 134, 152, 789, 797), but differing from it in that the nitrogen 
atom is in the quinquevalent state. The passage of the dibromide 
into the bromo-hydrobromide can be explained by means of a 
bridged form of the benzthiazole nucleus (XXI) (compare Ingold, 
J., 1922, 121, 1133, 1143) analogous to the formula which Shearer 
( Proc . Phys. Soc., 1923, 35 , ii, 81) has assigned to naphthalene on 
the basis of X-ray analysis.* 

* The parachors (J., 1925, 127, 1525 and later papers) of 1-aminobenz¬ 
thiazole and of certain other benzthiazole derivatives are being determined 
by Dr. Sugden in the hope that they may give some indication of the intra- 
ann ular exchanges which take place in the benzthiazole system. Un¬ 
fortunately, the difference between the calculated values of the paraehor for 
the ordinary form of I -aminobenzthiazole (I or II) (fP] = 311*9) and for 
the bridged, form suggested in this paper as a phase of the benzthiazole 
system ([P] = 308*9) is very sm al l (Sugden, private communication) and may 
hot be capable of definite experimental detection. 
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The bridged formula (XXI) represents only one of the intra- 
annular phases of benzthiazole, in tautomeric equilibrium with the 

/%/ s \ ^\/ s \ 

(XXL) =^±= I II CH (XXII.) 

normal phase (XXII), which is the usually accepted structure for the 
substance. The bridged form involves a hypothetical form of the 
thiazole nucleus, analogous to the bridged formula of thiophen 
(Farmer, Ingold, and Thorpe, J., 1922, 121 , 134) and the intra- 
annular five-carbon nucleus (idem, loc . cit; Ingold, Seeley, and 
Thorpe, J., 1923, 123 , 863; Grimwood, Ingold, and Thorpe, ibid., 
p. 3303). The strikingly aromatic properties of the thiazole nucleus 
(Hantzsch and collaborators, loc. cit.) suggest that the thiazole ring 
must, if the views of Ingold and his collaborators (J., 1922, 121 , 
1133, 1143; 1923, 123 , 2066, 2081) regarding aromatic nuclei are 
correct, be a tautomeric system, although in view of the difficulties 
which heterocyclic nuclei present in this connexion from the 
experimental point of view (Ingold and Piggott, J., 1922, 121 , 
2749; Ingold, J., 1924, 125 , 87), the problem of obtaining direct 
evidence of a bridged form of the thiazole nucleus appears at the 
present time to be insoluble. Evidence of a bridged form of the 
benzthiazole system must, however, be taken as indirect evidence 
on this point, and a series of experiments has been instituted in the 
hope of proving that the bridged formula (XXI) represents one 
phase of the benzthiazole system. With regard to the 1-amino- 
benzthiazole dibromide —>■ 5-bromo-l-imino-l: 2-dihydrobenzthia- 
zole hydrobromide change, it is suggested, not that this transforma¬ 
tion is a proof of the bridged structure of the benzthiazole nucleus, 
but merely that it is best explained on the basis of the latter. The 
exceedingly beautiful fluorescence of certain benzthiazole derivatives 
(Hunter, Chemical News , 1923, 127 , 385) is noteworthy in connexion 
with the problem of the bridged phase (compare Kaufmann, Ahrens 
Vortrage , 1908, 12 , 35; Ingold, J., 1922, 121 , 1134). 

Experimental. 

(Substances exhibiting amino-iminodihydro-tautomerism are 
named on the basis of their amino-formula). 

The Mobility of 1-Aminobenzthiazole. 

Methylation. —1-Aminobenzthiazole (2 g.) was heated with methyl 
iodide (1*6 c.c.) at 100° for 5 hours. The product, after being 
treated with alkali and with hot water to remove any unchanged 
amino-base, crystallised from alcohol in plates, m. p, 115°. After 
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reerystallisation from benzene it melted at 122° and did not depress 
the m. p. of an authentic specimen of l-immo-2-methyl-l : 2-di- 
hydrobenzthiazole (XI). It was further characterised by the 
formation of the stable, yellow-orange tribromo-addition compound 
(page 1393). 

In an experiment similar to the above, the methylation product 
was extracted with cold ether and alcohol. The extract on evapora¬ 
tion yielded a clear pale yellow gum, which could not be crystallised, 
consisting of the more soluble methyl derivative. After the gum 
had solidified, it melted at about 114°. Mixed with a specimen of 
1-methylaminobenzthiazole, it melted at 120° after softening at 
about 100°. 

Ethylation .—1 -Aminobenzthiazole (2 g.) and ethyl iodide (1*5 c.c.) 
were heated at 100° for 5—6 hours. The product, after treatment 
with alkali and warm water, was usually obtained as a tenacious 
gum, which sometimes solidified on standing for some weeks. On 
trituration with ether the product sometimes crystallised. It had 
m. p. 85° and was identified as 1 -imino-2-ethyl-1 :2-dihydro- 
benzthiazole (mixed melting point determination). 

Acetylation .—A solution of 8 g. of 1-aminobenzthiazole in acetic 
anhydride (30 c.c.) was heated under reflux and cooled and the 
crystalline acetyl derivative was collected. The filtrate was mixed 
with alcohol and evaporated; small needles, m. p. 115°, were thus 
obtained. The acetyl derivative (7 g.) was extracted with boiling 
alcohol; the residue of small prisms had the same m. p., 186°, as the 
lustrous plates of 1-acetylaminobenzthiazole deposited from the 
extract. The remaining liquors were fractionally crystallised, but 
although low-melting substances (m. p. 120°) were frequently 
obtained, l-imino-2-acetyl-l : 2-dihydrobenzthiazole could not be 
isolated pure. The yield of pure 1-acetylaminobenzthiazole was 
almost quantitative. The crude acetylation product had no action 
on sodium hypobromite, showing the absence of unchanged base. 

I-lmino-2-methyl-l : 2-dihydrobenzthiazole Dibroinide (X).— as- 
Methylphenylthiocarbamide (1 g.) in chloroform (10 c.c.) was 
gradually treated with a solution of bromine (0-8 c.c.) in chloroform 
(3 c.c.); a bulky orange precipitate separated which redissolved 
with evolution of heat and hydrogen bromide. The mixture was 
refluxed for 2 minutes and cooled; the bulk of the product then 
separated in tile-red crystals. The filtrate gradually deposited the 
dibromide in glistening, orange-red needles which, after drying in a 
vacuum over potassium hydroxide, sintered and softened at 125° 
(Found: Br, 49*8. CgHgNgBrgS requires Br s 49*4%). The 
dibromide had the usual properties of these compounds, and slowly 
became yellow in the air with loss of bromine. 
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Y-Imino-2-methyl-l : 2 -dihydrobenzthiazole (XI).—The dibromide, 
suspended in sulphurous acid, was treated with sulphur dioxide until 
a colourless solution was obtained. This, on being made alkaline 
with ammonia, deposited the free methyl base in small prisms, 
m. p. 123° (Found : S, 18-9. C 8 H 8 N 2 S requires S, 19-5%). 

1 -Imino-2-methyl- 1: 2-dihydrobenzthiazole Tribromide .—The methyl 
derivative (0*2 g.) dissolved in chloroform (7 c.c.) was slowly 
treated with an excess of a 20% solution of bromine in the same 
solvent; an orange precipitate of the bromo-addition compound 
was obtained. The mixture was warmed and then cooled in ice. 
The tribromide, after being dried in a vacuum, was obtained in 
minute, orange prisms which lightened at 230—240° and became 
white without melting at 245° [Found : Br, 59*8. (C 8 H 8 N 2 Br 3 S) 2 
requires Br, 59*4%]. 

1 -Methylaminobenzthiazole Tetrabromide (XIII).—A solution of 
s-methylphenylthiocarbamide (4 g.) in chloroform (25 c.c.) was 
gradually treated with bromine (3*2 c.c.) and heated under reflux 
for a few minutes. On cooling, the tetrabromide crystallised in 
rosettes of shining, scarlet needles, m. p. 65—67° (decomp.), which 
were dried in a vacuum over potassium hydroxide (Found : Br, 66*1. 
C 8 H 8 N 2 Br 4 S requires Br, 66*1%). 

The tetrabromide was exposed to the air for 20 hours (compare 
1-anilinobenzthiazole tetrabromide —> tribromide transformation; 
J., 1925,127, 2026), losing bromine with the formation of a yellow- 
orange dibromide. This was extracted with chloroform, and 
separated on scratching in small, orange-yellow prisms which, after 
drying in a vacuum, sintered at 136° and charred at 191° (Found : 
Br, 48*8. C 8 H 8 N 2 Br 2 S requires Br, 49*4%). The dibromide, 
however, differed from the tribromides of the 1-arylaminobenz- 
thiazoles {he. cit.) in losing more bromine on prolonged exposure to 
air. 

Bromo-substitution Derivatives. —The tetrabromide dissolved 
readily in hot absolute alcohol, and on diluting the solution with 
water and concentrating it, a crystalline mass of the hydrobromides 
of the bromo-substitution products was obtained. This was treated 
with ammonia and the liberated bases were crystallised from ethyl 
acetate-alcohol, from which silky, lustrous plates of a mixture of 
monobromo- and dibromo-substitution derivatives were obtained, 
m. p. 203°; these could not be separated (Found: Br, 46*8. 
C 8 H 7 N 2 BrS requires Br, 37*0%. C 8 H 6 N 2 Br 2 S requires Br, 49*9%). 
This behaviour is curious, for in all previous experiments on the 
bromination of substituted benzthiazoles it was possible to intro¬ 
duce only one bromine atom into the benzene nucleus (Hunter, this 
vol.,p. 540). 
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I-Methylaminobenzthiazole (XIV).—The tetrabromide was sus¬ 
pended in sulphurous acid and treated with sulphur dioxide. The 
crystalline paste of salts obtained was slowly added to a strong 
solution of ammonia, in which it dissolved. The base crystallised 
on cooling, and a further small quantity was obtained by extracting 
the filtrate with ether. The base was obtained from dilute alcohol 
in tufts of silky needles, m. p. 135°, and finally from absolute 
alcohol in prisms, m. p. 138° (Found : S, 19*8. C 8 H 8 N 2 S requires 
S, 19*5%). 

l-Imino-2-ethyl-l : 2-dihydrobenzthiazole tetrabromide was obtained 
from as-ethylphenylthiocarbamide (3 g.) and bromine (2*2 c.c.) in 
chloroform by the method for preparing the dibromide (X). After 
drying in a vacuum over potassium hydroxide, the tetrabromide 
was obtained in glistening, vermilion-orange prisms, m. p. 160— 
161° (decomp., with previous sintering) (Found : Br, 62*6. 
C 9 H 10 N 2 Br 4 S requires Br, 64*3%). 

l-Imino-2-ethyl-l : 2-dihydrobenzthiazole, prepared by reducing 
the preceding tetrabromide (10 g.) in the usual way, was obtained as 
a gum which solidified; it crystallised from alcohol in pale yellow 
prisms, m. p. 86° (Found : S, 18*1. C 9 H 10 N 2 S requires S, 17*9%). 

Labile Acetylphenylthiocarbamide . —Phenylthiocarbamide (16 g.) 
was heated with acetic anhydride (14 c.c.) at 80° (Hugershoff, loc.cit .). 
The product crystallised from ethyl acetate in prisms, m. p. 136°; 
after recrystallisation it melted at 138°. 

I-Imino-2-acetyl-l : 2 -dihydrobenzthiazole Dibromide (VI).—(A) 
The labile acetylphenylthiocarbamide (2 g.) dissolved in chloroform 
(25 c.c.) was gradually treated with bromine (1*2 c.c.). Heat and 
hydrogen bromide were evolved in the usual way and crystallisation 
took place in the hot solution towards the end of the bromination. 
The mixture was refluxed for a short time, cooled, and the dibromide 
collected and dried in a vacuum; it was then obtained in glistening 
orange prisms, m. p. 130—132° (decomp.) (Found: Br, 45*6. 
C 9 H 8 ON 2 Br 2 S requires Br, 45*5%). 

(B) The acetylphenylthiocarbamide (2 g.) dissolved'in 12 c.c, of 
chloroform was gradually treated with 1*6 c.c. of bromine; hydrogen 
bromide was evolved and a dark red tar produced. The solvent 
was decanted off and the tar boiled for 1 minute with 20 c.c. of 
absolute alcohol, being thereby changed into fine purplish-red prisms, 
which were dried in a vacuum. This dibromide sintered at about 
160° and melted at 173° (decomp.) (Found : Br, 42*3%). 

This dibromide showed the most striking stability to air, and 
appreciably lost bromine only over a period of some weeks. It was 
idso more slowly reduced by sulphurous acid than the other bromides 
of I-imino-2-acetyl-l : 2-dihydrobenzthiazole. 
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Y-Imino-2-acetyl A : '2-dihydrobenzthiazole Dibromide Hydrobromide. 
—The labile acetylphenylthiocarbamide (4 g.) dissolved in chloro¬ 
form (30 c.c.) was gradually treated with bromine (3 c.c.), and the 
mixture boiled. The product consisted of small, shining, dark 
chocolate-coloured prisms which were dried in the usual way. They 
became suddenly orange at 178° and melted at 180° (decomp.) 
(Found: Br, 55*6. C 9 H 8 ON 2 Br 2 S,HBr requires Br, 55-7%). 
This bromide had the usual properties, being reduced by sulphurous 
acid and converted into the substitution derivative by treatment 
with diluted alcohol, and was strikingly similar to the dibromide of 
4'-amino-l-phenyl-5-methylbenzthiazole (J., 1925, 127, 1318) in 
appearance and stability in air. 

1 - Imino - 2 - acetyl -1:2- dihydrobenzthiazole (VIII).—This was 
obtained from the dibromide by means of sulphurous acid and 
ammonia in the usual way. It separated from 20% alcohol in 
minute crystals, m. p. 118—120° (Found : S, 17*2. C 9 H 8 ON 2 S 
requires S, 16*7%). 

Hydrolysis . A part of the product was hydrolysed with 60% 
sulphuric acid, the solution neutralised at 0°, and the product 
recrystallised from hot water. Lustrous plates of 1-aminobenz- 
thiazole were thus obtained which, alone or mixed with a 
genuine specimen, melted at 126°. The base was further charac¬ 
terised by the formation of the dibromide and of benzthiazole- 
1-azo-p-naphthol. 

Specimens of the acetyl derivative have sometimes been obtained 
from alcohol-ethyl acetate in pale yellow prisms, m. p. 140° (or 
higher); these also yield 1 -aminobenzthiazole on hydrolysis with 
60% sulphuric acid, but have not yet been fully investigated. 

Stable Acetylphenylthiocarbamide .—The labile acetyl derivative 
(18 g.) was kept at 150—160° for 10 minutes and then at 170—180° 
for an equal time. The product crystallised from alcohol-ethyl 
acetate in prisms, m. p. 170—171 Q , as recorded ( loc . tit.), 

1 -AcetylamiTiobenztkiazole Tetrabromide (V).—When stable acetyl¬ 
phenylthiocarbamide (1 g.) in chloroform (7 c.c.) was slowly treated 
with bromine (0*9 c.c.), hydrogen bromide was evolved and a clear 
red gum separated. The mixture was boiled and cooled. On being 
rubbed, the gum solidified to a mass of orange-red prisms which were 
dried in the usual way; m. p. 137—139° (Found: Br, 61*8. 
C 9 H 8 ON 2 Br 4 S requires Br, 62*5%). 

1 -Acetylaminobenzthiazoh (VTI) was obtained from the tetra¬ 
bromide (1 g.) in the usual way. It crystallised from alcohol in 
prisms, m. p. 186°, and was identical with the acetyl derivative 
obtained by the direct acetylation of 1 -aminobenzthiazole. 

1 -Benzoylaminobenzthiazole, obtained from 1 -aminobenzthiazole 

3b 
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(1 g.) by the Schotten-Baumann method, crystallised from alcohol 
in prisms, m. p. 186° (Hngershoff, loc. oil .). 

1-j Benzoylaminobenzthiazole Tetrabromide. —The benzoyl derivative 
(04 g.) dissolved in 5 c.c. of chloroform was treated with bromine 
(0*3 c.c.), and the solution boiled. On cooling, the tetrabromide 
crystallised in silky, orange-yellow plates which, after drying in 
a vacuum, lightened in colour at about 170° and became colourless 
and lost bromine at about 185° (Pound : Br, 56*8. C M H 10 ON 2 Br 4 S 
requires Br* 55*8%). 

o-Bromo-1-benzoylaminobenzthiazole .—A solution of the tetra¬ 
bromide in alcohol was boiled, diluted, and evaporated, the white, 
crystalline product was treated with ammonia, and the bromo- 
denvative was dried and recrystallised from ethyl acetate, separating 
in small prisms, m. p. 226° (Found : Br, 25*2. C 14 H 9 ON 2 BrS 
requires Br, 24*0%). 

Benzihiazole-l-azo-^-riaphthol. —A solution of aminobenzthiazole 
(1*5 g.) in 20 c.c. of dilute hydrochloric acid was diazotised in the 
usual way, and the product coupled with 1*4 g. of P-naphthol 
dissolved in 8 c.c. of 5% sodium hydroxide solution. The orange- 
brown azo-compound was collected and extracted with ether; the 
extract, on evaporation in a vacuum at room temperature, left the 
azo-compound in deep purple-red prisms, m. p. 146° after sintering 
at 140° (Found: S, 10*3. C^H^ONgS requires S, 10*5%). The 
product dyed cotton a fugitive shade of yellow. On reduction 
with tin and hydrochloric acid it gave 1-aminobenzthiazole, which 
was identified by its m. p. and by the m. p. of its mixture with a 
genuine specimen. 

1 -Aminoazobenzthiazole. —A solution of diazotised 1-amino- 
benzthiazole (prepared from 4 g. of the base in 50 c.c. of water and 
10 c.c. of concentrated hydrochloric acid) was boiled for an hour, 
filtered from tar [which did not yield any trace of 1-hydroxybenz- 
thiazole (Jacobson, Ber., 1886, 19, 1811) on extraction with alkali] 
and concentrated. The red crystals of the hydrochloride obtained 
separated from alcohol (animal charcoal) in yellow prisms, m. p. 
232° (decomp.) after softening at 224°. The base was obtained by 
treating it with ammonia and was crystallised from ether and from 
boiling water, separating in small, cream-white, lustrous plates, 
tn. p. 135° (Found: S, 21*6. requires S, 20*7%). On 

reduction with tin and hydrochloric acid, 1-aminobenzthiazole was 
isolated and identified (m. p. and mixed m. p. determination). 

Reaction of 1-Aminobenzthiazole with Sodium Hypochlorite.— 
The base (1 g.) in 30 c.c. of water was gradually treated with 50 c.c. 
of 0*3#-sodium hypochlorite. The purple precipitate produced, 
after being washed with a little ether, separated from chloroform- 
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light petroleum at 20° in dark purple crystals, which softened at 
156—158°. The compound had dyeing properties of the usual type. 

i if-AminobenztJiiazole Hydrochloride (XV).—The hydrochloride 
from 5 g. of 1-aminobenzthiazole was suspended in 80 c.c. of alcohol 
at 5° and slowly treated with 16*5 c.c. of a 15% alcoholic solution 
of ethyl nitrite. The mixture became yellow on addition to 50 c.c. 
of boiling alcohol and thereafter bright orange on refluxing for a 
short time. On spontaneous evaporation, clusters of hard, shining, 
ruby-red prisms were obtained, which were washed with ether and 
recrystallised from alcohol. The hydrochloride was thus obtained 
in deep orange needles, m. p. 239—240° (Found: Cl, 19*6. 
C 7 H 6 N^,HC1 requires Cl, 19*1%). 

\f/-Aminobenzthiazole (XVI).—The bright yellow base obtained 
by treating the red hydrochloride with ammonia (d 0*880) was dried 
and recrystallised from “ sodium-dried ” benzene at 20°, separating 
in slender, pale yellow needles which sintered and softened at 129° 
and melted to a clear purple-red liquid at 131° (Found: N, 18*4; 
S, 21*6. C 7 H 6 N 2 S requires N, 18*7; S, 21*3%). Its mixture with 
1-aminobenzthiazole commenced to soften at 120° and melted 
indefinitely at about 127°. On treating the base with hydrochloric 
acid the red hydrochloride was at once regenerated. 

ilz-Amino-S-toluthiazole Hydrochloride.—-The hydrochloride from 
1 g. of l-amino-3-methylbenzthiazole (p. 1398) was suspended in 
25 c.c. of alcohol and treated with 3 c.c. of ethyl nitrite solution. 
A hydrochloride was obtained as in the previous case in ruby-red 
prisms which sintered at 140° and showed colour change at 145° 
(Found : Cl, 18*0. C 7 H 8 N 2 C1S requires Cl, 18*7%). On treatment 
with ammonia a base similar to the previous one was obtained. 

\f/-Amino-5-toluthiazole hydrochloride was obtained from 1-amino- 
5-methylbenzthiazole in red prisms which sintered at 130°, darkened 
at 140° and softened at about 150°. 

The Mobility of o-JBromo-l-aminobenzthiazole. 

5-Bromo-l-aminobenzthiazole dibromide , prepared from p-bromo- 
phenylthiocarbamide (1 g.) and bromine (0*8 c.c.) in chloroform 
(10 c.c.) in the usual way, separated, on cooling, as a red gum which 
solidified in orange-red needles, softening at 80—82° (Found : 
Br, 63*5. C-H 5 N 2 Br 3 S requires Br, 61*7%). By successive treat¬ 
ment with sulphurous acid and ammonia it was converted into 
5-bromo-l-aminobenzthiazole, m. p. 211°, identical with the bromo- 
substitution product obtained by dissolving 1-aminobenzthiazole 
dibromide in hot water (Hugershofl, loc. cit.). 

l~Aceiylaminobenzthiazole Hexabromide. —1-Acetylaminobenz- 

thiazole (0*5 g.) in chloroform (6 c.c.) was slowly treated with 

3 b 2 
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bromine (0*4 c.c.), and the solution b6iled after some time. The 
hexabr&mide crystallised from the warm liquid, on scratching, in 
small, orange-red prisms which, after being dried, turned yellow at 
130°, lost bromine at about 140°, and became colourless at about 
160° (Found : Br, 71-6. C 9 H 8 ON 2 Br e S requires Br, 71*4%). 

5-Bromo-l-acetylaminobenzthiazole .—A solution of the preceding 
hexabromide in alcohol was diluted with a little water and concen¬ 
trated. The white, crystalline product, after treatment with dilute 
ammonia, crystallised from ethyl acetate in prisms, m. p. 223° 
(Found: Br, 30*0. C 9 H 7 ON 2 BrS requires Br, 29*5%). On hydrolysis 
with 50% sulphuric acid, impure 5-bromo-l-aminobenzthiazole 
(m. p. 184°) was obtained whicH melted at 198° when mixed with an 
authentic specimen. 

5-Bromo-l-imino-2-acetyl-1 : 2-dihydrobenzthiazole .—A solution of 
the dibromo-addition compound of l-imino-2-acetyl-1: 2-dihydxo- 
benzthiazole in alcohol was diluted with water, concentrated on a 
steam-bath, decanted from a small purple residue, and evaporated. 
The resin thus obtained .became hard on treatment with ammonia 
and thereafter crystallised from alcohol-ethyl acetate in small plates, 
m. p. 199—200° (Found : Br, 30*0. C 9 H 7 ON 2 BrS requires Br, 
29*5%). 

On hydrolysis with 40% sulphuric acid and neutralisation, 
5-bromo-l-aminobenzthiazole (m. p. 204°) was obtained; this 
crystallised from alcohol in prisms which, alone or mixed with 
5-bromo-l-aminobenzthiazole prepared from 1 -aminobenzthiazole 
dibromide, melted at 210°. 

Homologues of l-Aminobenzthiazole. 

1 -Amino-^-meihylhenzthiazole Dibromide .—The solution obtained 
by treating 2 g. of o-tolylthiocarbamide in 20 c.c. of chloroform with 
bromine (1-5 c.c.) was refluxed and concentrated; on cooling, 
lustrous orange plates of the dibromide crystallised, m. p. 110° 
(effervescence) (Found: Br, 49*6. CgHgNgBrgS requires Br, 
49*4%). The dibromide was unstable and decomposed with loss of 
bromine on exposure to air. It dissolved in alcohol, and from the 
solution, diluted with water and thereafter concentrated, white 
needles of the hydrobromide of bromo-l-amino-3-methylbenzthiazole 
were obtained which became yellow at 260° and charred at about 
290° (Found: Br, 49*8. C 8 H 7 N 2 BrS,HBr requires Br, 49*7%). 
The base obtained by treating the hydrobromide with ammonia 
separated from alcohol-ethyl acetate in tufts of silky needles, 
m. p. 212° (Found : Br, 33-1. CgH^BrS requires Br, 32-9%). 

l-Amino~3-me£hylhe7izthiazoU was obtained from the dibromide 
by reduetion with sulphurous acid and sulphur dioxide in the usual 
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way. It crystallised from 50% alcohol in small, lustrous plates, 
m. p. 136°, and resembled 1-aminobenzthiazole in odour (Found: 
S, 19*8. C 8 H s N 2 S requires S, 19*5%). The diazotised base gave a 
red azo-dye on coupling with alkaline j3-naphthol. 

1 -Amino-5-methylbenzthiazole Dibromide Hydrobromide. —;p-Tolyl- 
thiocarbamide (2 g.) was brominated in chloroform as in the previous 
case. The bromo-addition compound was obtained in small, 
glistening orange-red prisms, m. p. 134° (decomp.) after sintering 
at 128° (Found : Br, 59*0. C 8 HgiSr 2 Br 2 S ; HBr requires Br, 59*2%). 
The tribromide was very unstable in air. Treatment of its alcoholic 
solution with water produced the hydrobromide of the bromo- 
substitution derivative, which crystallised in silky needles. The 
base obtained by treatment with ammonia crystallised from alcohol 
(80%) in small prisms, m. p. 210° (Found : Br, 33*0. C 8 H 7 N 2 BrS 
requires Br, 32*9%). 

By brominating -p-tolylthiocarbamide (1 g.) in chloroform under 
similar conditions to the above, the tribromide was on one occasion 
obtained in bright red prisms, m. p. 106° (decomp.) (Found: Br, 
59-5%). 

1 -Amino-5-methylbenzthiazole, obtained by reduction of the 
tribromide, crystallised from 50% alcohol in small, glistening prisms, 
m. p. 142°, having the usual faint odour of these bases (Found: 
S, 19*1. C 8 H 8 N 2 S requires S, 19*5%). The base yielded an unstable 
diazonium chloride which coupled with alkaline (S-naphthol, giving a 
red azo-dye of the usual type. 

l-AminoA-methylbenzthiazole Tetrabromide. —Prepared from m- 
tolylthiocarbamide (0*3 g.) and bromine (0*4 c.c.) in chloroform 
(5 c.c.) in the usual way, the tetrabromide was obtained, either 
spontaneously or by cooling the solution and scratching, in slender, 
orange-red needles which, after being dried, became yellow at 140°, 
soft at 160°, white at 180°, brown at 210°, and melted and decom¬ 
posed at about 250° (Found: Br, 66*8. C 8 H 8 N 2 Br 4 S requires 
Br, 66-1 %). It had the usual properties of these bromides. 

l-AminoA-methylbenztkiazole. —The tetrabromide was reduced in 
the usual way. The base was precipitated by making the sul¬ 
phurous acid solution alkaline and a further small quantity was 
obtained by extracting the filtrate with ether. The base crystallised 
from 50% alcohol in pearly plates, m. p. 145° (sintering at 135°), 
having the faint characteristic odour of these compounds (Found: 
S, 19*2. CgH^gS requires S, 19*5%). 

I-Amino-3 : 5-dimethylbenzthiazole Tetrabromide. —Prepared from 
1 g. of m-xylylthiocarbamide and bromine (0*8 c.c.) in chloroform 
(10 c.c.), the tetrabromide separated from the cooled solution in red 
flakes which, after being dried in a vacuum, became colourless at 
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80—90° and were unmelted at 250° (Pound : Br, 63*8. C 9 H 10 N 2 Br 4 S 
requires Br, 64-3%). It is very unstable, losing bromine and becom¬ 
ing colourless on exposure to air for 4 hour. 

1- Amino-3 : o-dimethylbenzthiazole, obtained from it in the usual 
way, crystallised from ether in needles and thereafter from dilute 
alcohol in silvery plates, m. p. 116° (softening at about 100°), having 
the usual faint odour of these compounds (Pound: S, 16*8. 
C 9 H 10 N 2 S requires S, 17*9%). 

2 -Amino-$-7wphthaihiazole Tetrabromide. —Prepared from a- 
naphthylthiocarbamide (0*5 g.) and bromine (0*5 c.c.) in chloroform, 
the tetrabromide was obtained as an orange, macrocrystalline powder 
which, after drying in a vacuum, began to lighten in colour at 130° 
and was unmelted at 260° (Pound : Br, 60*9. C 11 H 8 N 2 Br 4 S requires 
Br, 61*6%). 

2- Amino-$-naphthathiazole , obtained by reducing the tetra¬ 
bromide, crystallised from alcohol-ethyl acetate in small, odourless 
crystals, m. p. 235—237° after sintering at about 220° (Found : 
S, 16-1. C 1X H 8 N 2 S requires S, 16*0%). 

2 -A mino - a -naphthathiazole Tetrabrom ide .—p-Naphthylthiocarb- 
amide (0-5 g.) was brominated as in the case of the a-compound. The 
tetrabromide was obtained as a yellow, microcrystalline powder, 
m. p. 165° (decomp.) (Found : Br, 60*8%). 

2-Amino-oc-naphthathiazole crystallised from alcohol-ethyl acetate 
in small prisms, m. p. 249—251°, after sintering at about 230° 
(Pound : S, 16-2. C i;l H 8 N 2 S requires S, 16*0%). 

The 1 -Aminobenztkiazole Dibromide —> 5-Bromo-l-aminobenzthiazole 
Hydrobromide Transformation. 

1-Aminobenzthiazole dibromide (obtained by Hugershoifs 
method, loc . cii. ; after being dried in the usual way, it turned red 
at 105—110°, melted at 112—114°, and charred at 206°) (36 g.) 
was added to 200 c.c. of nearly boiling water. A colourless solution 
was at once produced which on evaporation on the steam-bath left 
32 g. of crude 5-bromo-l-aminobenzthiazole hydrobromide (a certain 
amount of the dibromide undergoes decomposition, giving the 
hydrobromide of 1-aminobenzthiazole). Thirty g. of the product, 
after treatment with ammonia and recrystallisation from alcohol, 
yieldedlS—16 g. of 5-bromo-l-aroinobenzthiazole. 

In view of the curious physiological action of certain benzthiazole 
derivatives (J., 1925, 127, 911), the'alleged immunity to certain 
swamp fevers conferred by “thiazole dermatitis” (private com¬ 
munication from Dr. G. M. Dyson), and the clinical use of sub¬ 
stances such as o-aminophenyl sulphide in syphilis, a series of 
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experiments lias been commenced in collaboration with Dr. Dyson 
on the trypanocidal effect of water-soluble aminobenzthiazoles. 

The author desires to express his gratitude to Professor J. P. 
Thorpe, F.R.S., for his kind interest in these experiments, and to 
the Trustees of the Dixon Fund of the University of London for a 
grant which has defrayed the cost of some of the materials. 

Imperial College of Science and Technology, 

London, S.W, 7. [Received, January 25th, 1926.] 


CLXXX.— Aminobenzthiazoles . Part I F. The Stability 
of the Bromides of the l-Xylidinodimethylbenzthiazoles. 

By Robert Fergus Hunter. 

The remarkable instability of 1-amino-3 : 5-dimethylbenzthiazole 
tetrabromide (this vol., p. 1389) must be attributed to the combined 
effects of the o- and p-methyl groups, since the stability of the 
bromo-addition compounds of l-amino-5-methylbenzthiazole, 
l-amino-3-methylbenzthiazole, and l-amino-3 : 5-dimethylbenzthi¬ 
azole decreases in the order given. The o-methyl group is mainly 
responsible for the instability, a fact which is further exemplified 
by the relative stabilities of the bromides of 1-o-toluidino-3-methyl- 
benzthiazole and l-^-toluidino-5-methylbenzthiazole (Hunter, J., 
1925,127, 2023). 

It was therefore of interest to examine the effect of replacing the 
amino-group in l-amino-3 : 5-dimethylbenzthiazole by an arylamino- 
group. In the first place, it might be expected on a priori grounds 
that the residual affinity of the aromatic nucleus of the arylamino- 
group would exert a stabilising influence on the bromo-addition 
compound of such a base, and secondly, on the basis of Ingold's 
modified strain theory (J., 1921, 119, 305 and later papers),* the 
bulky substituent might be expected to enhance the arylamino- 

* The theoretical basis of this theory will be discussed in a paper dealing 
with the mobility of the 5 - bromo -1 -alkylaminobenzthiazole system and the 
addition of bromine to tautomeric systems of this type. The unsaturation 
of the ring nitrogen atom of the mobile triad system H;C\N[H] X^N[H]*C:NTX 
is profoundly affected by the mobility or potential mobility of the tautomeric 
hydrogen atom. For instance, there is a striking increase in the stability 
of the 5-bromo- 1-alkylaminobenzthiazole 2 : 2-dibromide towards hydriodie 
acid as the alkyl group is in turn ethyl, n-propyl, n-butyl, and butyl. 
In this connexion it is hoped to obtain some information on the deflexion 
of the carbon tetrahedral angle (Deshapande and Thorpe, J., 1922, 121, 1430, 
and later papers) produced by the hitherto unstudied butyl, amyl, and hexyl 
groups. 
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phase of the mobile aminothiazole system (this voL, p. 1385) the 
ring nitrogen atom in which is more unsaturated than that in the 
1-imino-l: 2-dihydrothiazole form. The second effect also, owing 
to the nitrogen atom being the centre of unsaturation in a thiazole 
ring (this voL, p. 538), would increase considerably the stability of 
the bromo-addition compound. 

The bromides of the 1 -xylidinodimethylbenzthiazoles (I and II) 
were therefore studied and it was found that the 1 -xylidino-group 
had a most striking stabilising effect on the aminobenzthiazole 
bromide complex. 


(I.) 


Me j^ | ON& 


Me 


\ N ^ 



a/S\ Me 

II (H.) 


(III and IV.) C 6 H 2 Me 2 <^>C-NH-C 8 H 9 

Under the usual conditions of bromination in chloroform (loc. 
cit.), s-di-m-xylylthiocarbamide readily passed into the tetrabromide 
of l-m-xylidino-3 : 5-dimethylbenzthiazole (III), which is one of 
the most stable compounds of this type so far isolated, its stability 
in air being of the same order as that of the 2-^naphthyiamino-a- 
naphthathiazole bromides (J., 1925, 127, 2270). The formation, 
in the presence of an excess of halogen, of a labile heptabromo- 
addition compound of the dimethylbenzthiazole was also observed, 
this compound being doubtless the hydrobromide of the hexa- 
bromo-addition compound, which was on one occasion isolated in 
an impure condition. These compounds were all reduced in the 
usual manner by sulphurous acid, yielding the xylidinodimethyl- 
benzthiazole (I). 

While these experiments were in progress, a paper by Levi 
{AUi Cong . Naz. Chim . Ind., 1924, 400) appeared, in which 
l-m-xylidino-3 : 5-dimethylbenzthiazole (I) was described as being 
formed by the thionation of a mixture of m-xylidine and phenyl- 
m-xylylthiocarbamide. Levi's product, however, although it gave 
the pure acetyl derivative, must have been very impure, because 
the melting point recorded is nearly 20° too low. This is not so 
surprising in view of the difficulties involved in such preparations 
(Hunter, J. Soc. CJiem . Ind., 1923, 42, 302t). 

Under the usual conditions of bromination, s-di-p-xylylthio- 
earbamide readily passed into the tetrabromide of 1-p-xylidino- 
3; 6-dimethylbenzthiazole (IV), a bright red compound resembling 
the m-xylidino-isomeride in stability and other properties. 
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None of the 1 -xyh(flnodimethylbenzthiazole bromides gave any 
evidence whatsoever of the existence of stable yellow tribromides 
(loc. cit). Therefore, with regard to stability in the air, the 1-aryl- 
aminobenzthiazole bromides fall into two groups, the first of which 
includes the labile red bromo-addition compounds, such as those 
derived from 1 -anilinobenzthiazole and its tolyl and oe-naphthyl 
homologues, which on exposure to air evolve bromine and pass 
into stable yellow tribromides; and the second of which includes 
the stable red bromides of 2-p-naphthylamino-a-naphthathiazole 
and of the 1-xyHdinodimethylbenzthiazoles described in this paper, 
which lose bromine appreciably only on prolonged exposure to 
moist air and do not appear to be capable of yielding yellow tri¬ 
bromides. 

Experimental. 

1-m-XylidinoS : 5 - dimethylbenzthiazole Hexabromide Hydro - 
bromide, —A solution of 1 g. of s -di-m-xy lylthiocarbamide in chloro¬ 
form (10 c.c.) was gradually treated with a solution of bromine 
(1 c.c., in chloroform, 3 c.c.) and then heated under reflux for 
2 min utes, cooled, and a part of the solvent evaporated off in a 
vacuum at 15°. The red gum produced, which solidified, was 
triturated with an ethereal solution of bromine; the heptabromide 
was then obtained in small, red prisms which, after drying in a 
vacuum over potassium hydroxide, sintered at 153° and melted at 
158° (decomp.) (Found : Br, 66*7. C 17 H 18 N 2 Br 6 S,HBr requires Br, 
66-7%). 

1-m-Xylidino-3 : 5-dimethylbenzthiazole Tetrabromide (III).—The 
dixylylthioearbamide (5 g. in chloroform, 10 c.c.) was treated as 
above (bromine, 4*8 c.c., in chloroform, 10 c.c.) and the cooled 
solution allowed to crystallise in a vacuum; the tetrabromide was 
then obtained in small, orange-red crystals which, after being 
washed with bromine in ether and dried in a vacuum, melted at 
130° (decomp.) (Found: Br, 52-7. C 17 H 18 N 2 Br 4 S requires Br, 
53-3%). The tetrabromide had the usual properties of these com¬ 
pounds, being reduced by hydriodic acid with liberation of iodine, 
and evolving acetaldehyde on boiling with dilute alcohol. 

Bromination in similar circumstances of 5 g. of the thiocarbamide 
with 5 c.c. of bromine produced on one occasion a red gum which, 
on trituration with bromine in ether, solidified to a mass of small, 
red crystals, m. p. 126° after drying in a vacuum (Found: Br, 
61*3. C 17 H 18 N 2 Br 6 S requires Br, 62*9%). 

1 -m-Xylidino-Z : 5-dimethylbenzthiazole obtained in the usual way 
by reducing any of the bromides with sulphurous acid and sulphur 
dioxide (loc, cit) and liberating the base with ammonia, crystallised 
from alcohol-ethyl acetate (1:1) in large flakes and thereafter 

3 b* 
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from light petroleum (b. p. 40—60°) in small prisms, both forms 
melting at 175° (Found : S, 11*4. Calc.: S, 11*4%). 

The acetyl derivative, obtained by heating a solution of the 
base in acetic anhydride for a few minutes and pouring it into 
alcohol, slowly crystallised in large prisms, m. p. 131—132° after 
recrystallisation from alcohol (Levi, loo, tit, gives m. p. 131°). 

s-Di-’p-xylylthiocarbamide. —A mixture of technical ^-xylidine 
(18 g.), alcohol (27 c.c.), carbon disulphide (33 c.e.), and potassium 
hydroxide (4 g.) was heated for 2—3 hours, and the product worked 
up in the usual way; on recrystallisation from alcohol the thio- 
carbamide was obtained in needles, m. p. 146—147° (Dyson and 
George, J., 1924, 125, 1705, give the m. p. as 148*5°). The yield 
was about 50%. 

l--p-Xylidino-3 : 6-dimetJiylbenzthiazole Tetrabromide (IV).—Di-p- 
xylylthiocarbamide (1*25 g.) in chloroform was treated with bromine 
(1*2 c.c.) in chloroform (2*5 c.c.) in the usual way, the solution 
concentrated in a vacuum, and the product triturated with an 
ethereal solution of bromine. The red oil obtained, on partial 
evaporation of the ether, solidified to a mass of small, red crystals 
of the tetrabromide which were washed with chloroform and dried in a 
vacuum in the usual way. They had the usual properties and charred 
above 200° (Found : Br, 53*6. C 17 H 18 N 2 Br 4 S requires Br, 53*2%). 

l--p-Xylidino-3 : 6-dimethylbenzthiazole , obtained by the reduction 
of the tetrabromide in the usual way, crystallised from ethyl acetate 
in small prisms, m. p. 200° (Found : S, 11*6. C 17 H 18 ISr 2 S requires 
■8,11-4%). 

In conclusion, the author desires to express his gratitude to 
Professor J. F. Thorpe, F.R.S., for his kind interest in this work, 
and to Mr. G. G. Alford for carrying out some of the experiments. 
A part of the expense of the materials was defrayed by a grant 
for which the author is indebted to the Trustees of the Dixon Fund 
of the University of London. 

Imperial College of Science and Technology, 

London, S.W. 7. [Received, February 9 th, 1926.] 


CLXXXI .—The Direct Synthesis of Nitrous Oxide . 

By David Leonard Chapman, Richard Allen Goodman, and 
Rodney Thomas Shepherd. 

Bjtherto it has not been found possible to effect a direct synthesis 
of nitrous oxide. We shall show that this compound is slowly 
formed when an electric discharge is passed through nitrogen at low 
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pressure in a quartz tube into the walls of which oxygen has pre¬ 
viously been driven by means of the discharge, and can be isolated as 
it is formed by condensing it in a U-tube surrounded by liquid air. 
When completely decomposed by heating a platinum wire in it, the 
volume increases in the ratio 2 to 3, the proportion of nitrogen to 
oxygen in the decomposition products being 2 to 1. 

The quartz tube, A (vide diagram), in which the discharge took 
place was approximately 1 m. in length and 1180 c.c. in volume. 
The rest of the apparatus was of glass, and was connected to the 
quartz tube by a ground glass joint, B, which was lubricated with 
glacial phosphoric acid and sealed by mercury. The long U-tube, 
t 1? could be immersed in liquid air when desired, and served the 



double purpose of keeping back mercury vapour and of condensing 
the nitrous oxide. AT-piece, C, led to the McLeod gauge used to 
measure the pressures. The discharge tube, with gauge and liquid- 
air trap, could be shut off from the rest of the apparatus by the 
mercury seals s 1 and s 2 . The seal, s 2 , served to put the quartz tube 
into communication with a U-tube, t 2 , and a bulb, D, which con¬ 
tained a spiral of fine platinum wire welded to thick platinum leads, 
which passed to the outside through a lead-glass seal. t 3 was 
another U-tube which could be surrounded by liquid air. Beyond 
the mercury seal, s 3 , was a mercury vapour pump and an auxiliary 
Sprengel pump. The remainder of the apparatus was for the 
purpose of generating and storing the gases required. 

Hydrogen .—The hydrogen required for the analysis was admitted 
to the apparatus by diffusion through the walls of a platinum tube, 
E, sealed into the end of a glass tube. The platinum tube was heated 

3 b* 2 
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to redness in an atmosphere of hydrogen, prepared in the ordinary 
way in a small Kipp’s apparatus from zinc and dilute sulphuric acid. 
The gas, after bubbling through a solution of caustic soda, was 
passed through a quartz tube which surrounded the platinum tube. 
To admit hydrogen to the apparatus the quartz tube was heated 
strongly. 

Nitrogen .—The nitrogen was prepared by the decomposition of 
pure anhydrous barium azide contained in a vertical tube, F. This 
was connected to a reservoir, G, of capacity about 400 c.c., in which 
the gas was stored. One limb of the seal s 4 was blown out into a 
bulb, of volume about 4 c.c., the upper end being connected by 
millimetre capillary tubing to another seal, s 5 . This arrangement 
was employed to withdraw small amounts of gas from the reservoir, 
in which the pressure was about 1 cm., in the following way. The 
mercury in the seal s 4 was lowered, and when raised again, shut off 
a small amount of gas in the bulb. The seal s 5 was then lowered 
until the T-piece was just cleared. The mercury in s 4 was then 
raised, and the gas enclosed in the bulb driven past the seal s 5 into 
the apparatus. By subsequently lowering the mercury in the seal 
s 4 , the bulb could be again evacuated. The tube, F, containing the 
barium azide, was heated in a small bath of glycerol. The nitrogen 
was evolved at a convenient rate at 152°. 

Oxygen .—The oxygen was prepared by the thermal decomposition 
of recrystallised potassium permanganate contained in the tube K. 
The gas passed up a tower, L, containing solid caustic potash to 
absorb any carbon dioxide. L was connected to a reservoir, H, and 
two seals, s 6 and s 7 , by means of which small quantities of gas could 
be removed as described above in the case of nitrogen. 

The gases were not admitted to the discharge tube until they 
had remained in that portion of the apparatus between the seals s p 
Sg, s 5 , s 7 , for at least i hour with liquid air surrounding the U-tube t 3 . 
The gases did not come into contact with any grease taps whatever. 

The Discharge .—For the purpose of exciting the discharge, two 
pieces of aluminium foil about 6 cm. wide were fastened by copper 
wire round the tube at equal distances from each end and from 
each other. The aluminium electrodes were connected by means 
of copper wire with the secondary of a 10-inch induction coil, which 
was run from the 100-volt mains, a resistance keeping the primary 
current constant at about amp. Interruption of the primary was 
effected by a mercury break of the simple dipper type. The dipper 
was oscillated by means of an eccentric coupled directly to the shaft 
cl an electric motor. By this means constant interruption was 
obtained. There was an external spark-gap of 1cm. 

To conduct an experiment, the whole apparatus was first 
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thoroughly evacuated, all the tubing, including the McLeod gauge, 
being heated twice with a blow-pipe flame, in order to drive off gases 
retained by the surface of the glass. The quartz tube was thoroughly 
heated to redness, section by section, to expel any gas that might be 
absorbed. The required amount of oxygen was then withdrawn 
from the reservoir, and admitted to the quartz tube in the maimer 
already described. The initial pressure of oxygen was about 0*08 mm. 
The pressures recorded below have been reduced to the temperature 
of 18°, allowance being made for the cooling effect of the liquid air 
on the small proportion of gas contained in the U-tube t v After 
the discharge had been started, the progress of the absorption was 
followed by measuring the pressure at convenient intervals of time. 
The discharge was stopped when the pressure-time curve had 
become very flat. The liquid air was then removed, and the tube 
evacuated. Nitrogen was then admitted to a pressure of about 
0*08 mm., the liquid air replaced round t v and the discharge again 
started. From time to time the discharge was stopped, and the 
pressure measured both with and without liquid air surrounding the 
U-tube t v The difference between these two pressures gave the 
amount of condensable gas formed. It was, of course, produced 
at a gradually decreasing rate. The results of four experiments are 
in Table I. 

Table I. 

Oxygen absorbed. Nitrogen absorbed. Condensable gas. Duration. 
0*01669 mm. 0-03777 mm. 0*01688 mm. 6J hrs. 

0*02168 0*04282 0*02321 9£ 

0*01576 0*04725 0*02999 11£ 

0*01479 0*04869 0*02185 17£ 

When a convenient amount of gas had been obtained, the tube 
was evacuated, the liquid air remaining round the U-tube. A small 
amount of the condensable gas was always lost during this operation, 
showing that the liquid had an appreciable vapour pressure at the 
temperature of liquid air. Some experiments were made with a 
view to determining the properties of the gas. It was quite stable, 
and could be kept for any length of time. It was very rapidly 
destroyed by the discharge, decomposition being complete in about 
5 seconds. The observed expansion was dependent on the length 
of time during which the discharge passed, a maximum being 
reached in a few seconds. The contraction which followed the 
expansion was probably mainly due to combination of the oxygen 
produced in the decomposition with mercury vapour, in the presence 
of which this experiment had to be performed. The gas was not 
condensed when the U-tube was surrounded by solid carbon dioxide 
and ether. It did not react with oxygen when left to stand with this 
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gas, showing that it could not be nitric oxide. This conclusion was 
confirmed by the circumstance that the gas did not attack the 
mercury in the McLeod gauge either before or after it had been 
mixed with oxygen. 

Analysis .—The gas was analysed in the following way. The 
mercury seal s 2 was opened, and the pressure of the gas in the whole 
of the apparatus to the right of the seal s 1 measured. Liquid air 
was then placed round the U-tube and when all the gas had con¬ 
densed, s 2 was closed. The liquid air was then removed, and replaced 
by solid carbon dioxide and ether, in order that the decomposition 
might be carried out in the presence of as little mercury vapour as 
possible. The platinum spiral was then heated to bright redness. 
After some hours the heating was stopped and the bulb allowed to 
cool. The flask containing the solid carbon dioxide and ether was 
removed, the seal s 2 opened, and the pressure measured both with 
and without liquid air surrounding the U-tube t v The difference 
between these two measurements gave the amount of condensable 
gas undecomposed. The difference between this and the amount 
originally present represented the gas decomposed. The results 
are in Table II. 


Table II. 

Mm. 

Pressure after decomposition, with liquid air . 0*03746 

Pressure after decomposition, without liquid air . 0*03948 

Condensable gas undecomposed... 0*00202 

Initial amount of condensable gas . 0-02661 

Condensable gas decomposed... 0*02459 

Expansion on decomposition ... 0*0X287 


It will be seen that, within the limits of experimental error, the 
expansion is equal to half the amount of condensable gas 
decomposed. 

The next analysis was made in such a way as to enable the 
amount of oxygen produced by the decomposition to be determined. 
When this was known, the relative proportions of oxygen and 
nitrogen in the condensable gas could be calculated. 

The ratio of the volume of the quartz tube plus tubing up to the 
seals Sj and s 2 , to the total volume when s 2 was opened, was first 
determined by measuring the pressure of the game amount of gas in 
the two volumes. The decomposition was then carried out in the 
same manner as before. While this was proceeding, hydrogen was 
admitted to the quartz tube, and its pressure measured. From the 
ratio of the volumes, the pressure this gas would produce in the 
total volume when s 2 was opened was calculated. After decom¬ 
position, the mercury in s 3 was lowered, and the pressure measured, as 
in the former case, with and without liquid air surrounding the 
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U-tube t v The pressure of the products of decomposition was 
found by subtracting the pressure of the hydrogen from the total 
pressure measured after decomposition with liquid air surrounding 
the U-tube. t 2 was then immersed in liquid air, and the spiral heated 
for several hours until no further fall in pressure occurred. From 
the contraction due to the formation of water, the amount of oxygen 
present was deduced. The nitrogen was found by difference. The 
results are in Table III. 

Table III. 


(a) j Expansion on decomposition. 

Mm. 

Pressure after decomposition, with liquid air . 0*05998 

Pressure after decomposition, without liquid air .. 0*06064 

Condensable gas undecomposed...... 0*00066 

Initial amount of condensable gas . 0*02156 

Condensable gas decomposed. 0*02090 

Pressure of hydrogen admitted to quartz tube .. 0*03001 

Ratio of volumes, quartz tube : total .... 0*9719 

Pressure of hydrogen in total volume ... 0*02917 

Pressure of nitrogen, hydrogen, and oxygen . 0*05998 

Pressure of products of decomposition .... 0*03081 

Expansion produced by decomposition . 0*00991 

(b) Estimation of oxygen. 

Initial pressure (hydrogen, nitrogen, and oxygen) . 0*05998 

Final pressure (excess hydrogen and nitrogen) . 0*02891 

Contraction . 0*03107 

Amount of oxygen required for this contraction ... 0*01036 

(c) Summary. 

Condensable gas decomposed. 0*02090 

Oxygen produced. 0*01036 

Nitrogen produced . 0*02045 


The expansion produced on decomposition is again seen to be half 
the amount of condensable gas destroyed, and the ratio of nitrogen 
to oxygen in the products is 2 to 1, leaving no doubt that the gas 
was nitrous oxide. 

In experiments not described above, a small proportion of oxygen 
was added to nitrogen in the discharge tube. Even when the partial 
pressure of the oxygen was as small as one-tenth of that of the 
nitrogen, nitrogen peroxide was produced. 

The Leoune Jenkins Laboratory, 

Jesus College, Oxford. 


[Received, April 17th, 1926.] 
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CLXXXII .—Resins in Coal. Studies in the 
Composition of Coal. 

By Wilfrid Francis and Bickard Vernon Wheeler. 

We have, shown (J., 1925, 127, 112) that bituminous coal consists 
essentially of ulmin compounds in which morphologically organised 
plant-tissues, that have escaped ulmification, are dispersed. The 
ulmins, when first formed as the products of mouldering decay of 
vegetable matter, are characterised by ready solubility in alkaline 
solutions, but their derivatives, in the condition in which they 
normally exist in bituminous coal, are insoluble. Solubility in 
alkaline solutions can, however, be conferred on the ulmin com¬ 
pounds of bituminous coal by such mild oxidation as is afforded by 
treatment with air at low temperatures (up to 150°) or with hydrogen 
peroxide. The soluble ulmins so produced, which we have termed 
“ regenerated ” ulmins, are not identical in character with the 
insoluble ulmins in newly-won bituminous coal, for the external 
groupings of the molecules are modified during oxidation, the more 
easily detached being eliminated to form simple oxygenated com¬ 
pounds, with the substitution of carboxylic groupings which render 
the residue definitely acidic in character. The nuclear structure, 
however, remains unaffected. This nucleus we have shown (J., 
1925, 127, 2236) to be built up of compact systems of benzenoid 
groupings connected together by heterocyclic structures, such as 
pyrrole and furan or their derivatives. 

The bulk of bituminous coal consists of ulmins having molecular 
structures of this character. In banded bituminous coals, such as 
constitute the majority of British coals, the dull (durain) bands 
contain a proportion, usually between 20 and 30%, of morpho¬ 
logically organised plant entities, amongst which spore exines and 
cuticles predominate, that have undergone but little change from 
their original condition during the processes of decay suffered by the 
accumulations of plant material from which the coal was formed. 
Of the bright portions of coal, the clarain contains but small pro¬ 
portions, up to about 5%, of such plant entities, -whilst the vitrain 
contains none. 

In our previous papers we noted that, for the sake of simplicity, 
the existence in coal of natural plant substances devoid of morpho¬ 
logical organisation, such as “ resins/ 3 could be ignored, but ex¬ 
pressed the intention of dealing with these substances separately. 
In order to do so, it is necessary for us to enlarge on the statement, 
contained in a footnote to our paper on the constitution of the coal 
uhnins (foe. p.2236), regarding the character of vitrains; for the 
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existence of resins in a bituminous coal is best revealed in the 
vitrain portion. 

The vitrain portion of a banded bituminous coal has for long been 
considered by British investigators to be essentially structureless, 
having been so qualified in Slopes J s original descriptions of the 
banded ingredients of bituminous coal ( Proc . Boy. Soc., 1919, B, 90, 
470), based largely on an examination of transparent sections. 
Partly through the use of a new method of examining, by reflected 
light, coal surfaces that have been polished and etched, and partly 
as the result of the remarkably fine technique for the preparation of 
transparent sections of coal developed by Dr. R. Thiessen, of the 
United States Bureau of Mines, who has been good enough 
to prepare for us sections of a number of specimens of vitrain from 
British coals, it is now realised that a completely structureless vitrain, 
if it exists at all, is a rarity. 

A description of the structures to be observed in most vitrains is 
reserved for another communication. It will suffice here to state 
that, in all of the many examples of vitrain that we have examined, 
the appearance of plant cells, usually derived from cortical tissues, 
can be disclosed. We purposely refer to the “ appearance ” of 
plant cells, because these structures cannot be separated from the 
coal mass intact and preserved, as can the cuticles and spore exines, 
and it is clear that, being ulmins, they are pseudomorphs of the 
original structures. 

For the work described in this paper, vitrain from the Hamstead 
coal, which we have used for much of our previous work, was chosen 
because its oxidation by hydrogen peroxide could readily be con¬ 
trolled. During a carefully regulated oxidation of Hamstead 
vitrain, the soluble <£ regenerated 55 ulmins being removed from time 
to time by means of dilute sodium hydroxide solution, it was found 
that, when but little residue remained, the particles began to assume 
distinctive shapes. Some of the particles had the appearance of 
fibre cells, whilst in a few the shapes of tracheids, showing bordered 
pits, could be observed. All such shapes were, however, transient, 
disappearing as the ulmins dissolved. Nevertheless we were able to 
secure examples and retain them long enough to photograph them 
under the microscope. Some are reproduced in Fig. 1. 

The fragments to which, from the point of view of the present 
paper, the greater interest attaches, were dark-coloured and elon¬ 
gated. They were usually ribbed along their major axes and had 
clean-cut ends. On persisting with the action of hydrogen peroxide, 
followed by treatment with sodium hydroxide solution, these frag¬ 
ments became gradually lighter in colour and finally, when all the 
u lmi ns had been removed, appeared as yellow rods varying in length 
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up to 0-02 inch. Their diameter was about one-tenth of their 
length. 

From their general character and from the cellular appearance of 
the nlmin material surrounding them, there seems little doubt but 
that these rods were resin inclusions. A number of them were 
collected and extracted in a Soxhlet fat-extraction apparatus with 
chloroform, in which they were almost completely soluble, when a 
dark yellow semi-solid extract was obtained. The analytical 
results (Found : C, 80*6; H, 10*3%) are consistent with the assump¬ 
tion that the material was a resin. 

Confirmation of the suggestion that the resin rods existed in this 
sample of Hamstead vitrain in the position that they had occupied 
in the woody tissues from which the vitrain was formed is obtainable 
from photomicrographs of portions of the same sample of vitrain 
as was used for the oxidation experiments, polished and etched with 
chromic and sulphuric acids. Two such photographs are repro¬ 
duced in Figs. 2 and 3, the magnification in each instance being 
130 diameters. In Fig. 2, the surface is at right angles to, and in 
Fig. 3 it is parallel with, the cell-walls. The resin inclusions appear 
as circular patches in Fig. 2 and as rods in Fig. 3. 

The cellular structure that abounds in vitrain—in the present 
example it is of xylem—can be clearly seen in the photographs, 
and it may well be asked how such structures could have escaped 
notice. Although they are readily rendered visible by polishing and 
etching a vitrain surface, a method of examination that has but 
recently come into use, the structures are difficult to detect in a 
transparent section viewed by transmitted light, because they are 
not outlined on the transparent reddish-brown background by a con¬ 
trasting colour, but are faintly visible (and then only when the 
section is exceedingly thin and well illuminated) by reason of slight 
differences in shade. For example, a photograph of a section (X 150) 
of the same sample of vitrain as was used for Fig. 2 is reproduced in 
Fig. 4. The circular patches so noticeable in Fig. 2 can be recognised, 
hut no organised structures can be detected. 

We are indebted to Miss M. M. Evans, of the Fuel Research 
Board’s staff, for the preparations illustrated in Figs. 2 and 3, and 
to Dr. R. Thiessen for that illustrated in Fig. 4. Our thanks are 
also due to the Safety in Mines Research Board for permission to 
publish this paper. 

Safety -m Mines Research Board, 

Sheffield. [Received,April 22nd, 1926 .] 
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CLXXXIII .—A Study of the Buie of the Conservation of 
the Type of Substitution in Aromatic Substances. 
Part I. Chlorination of 2-ChloroA-nitrotoluene. 
By William Davies and Geoeerey Winthrop Leeper. 


Morgan and Drew (J., 1920, 117, 793} have shown that the main 
product (more than 85%) of nitration of 2-ehloro-4-nitrotoluene (I) 
is the 5-nitro-derivative (II). It was shown by one of us (J., 1922, 
121, 800) that, when (I) was chlorinated in the presence of certain 
catalysts, not the 5- but the 6-chloro-derivative (III) was produced 
in a yield of more than 30%, and no other isomeride was isolated 
in a pure condition. It was accordingly stated (p. 806) that “ it is 
very probable that the separation of (EH) in such large amount 
indicates that this is the chief product.” Holleman (Chemical 
Reviews , 1924, 217) quite rightly points out that (III) had not 
been proved to be the principal product of the reaction, and con¬ 
siders it possible that (IV) may occur in the residual non-crystal- 
lisable oil in such large amount as actually to be the chief product 
of the reaction. As changes in substitution type are of great 
importance both from the synthetical and the theoretical point of 
view, an attempt has been made to determine more accurately the 
proportion of (III) formed. 
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The more obvious lines of attack have already been investigated 
(Davies, loc. cii ., p. 810) without success. As the monochlorination 
product of (I) is clearly an extremely complicated mixture, the 
method of estimation suggested by Holleman (loc. cit., p. 217) was 
not adopted, but instead attempts were made to convert (HI) into 
a derivative which could be separated from the mixture by chemical 
means. It is to be expected that (IH) would be rather more easily 
substituted than (IV), and the behaviour of certain reagents on 
(III) was accordingly examined. It was not readily sulphonated, 
but was quantitatively converted into the nitro-derivative (V) by 
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nitration under mild conditions. This could not be smoothly con¬ 
verted into a nitrophenol by the action of alkali under various 
conditions, but it was readily transformed by the action of alcoholic 
ammonia into (VI) (the yield of pure substance being 77%), and 
insufficient of the isomeric 2 :6-dichloro-3-nitro-p>toluidine was 
formed to admit of its being isolated. This change is incidentally 
still another instance of replacement in agreement with the rule of 
Kenner and Parkin (J. 5 1920,117, 852. See also J., 1925,127,2344). 

2: 6-I)icMoro-4:-nitro-m4oluidine (VI) has very slight basic pro¬ 
perties and accordingly attempts were made to convert it into an 
acidic substance. It does not react with p-toluenesulphonyl chloride, 
and although good yields of the benzoyl and acetyl derivatives of 
the amine may be obtained, these compounds do not dissolve very 
readily in cold dilute alkali. The chloroacetyl derivative (VTI), 
however, is quantitatively obtained, and easily dissolves in cold 
aqueous sodium hydroxide solutions, from which it is precipitated 
unchanged on acidification. It was hoped to be able to separate 
in this way (V) from (IV) or its nitro-derivative (VIII) (compare 
Cohen and Dakin, J., 1901, 79, 1131). 

The chlorination product from (I) was therefore nitrated under 
the gentle conditions which were sufficient to give (V), and after 
the removal of the catalyst the whole product was treated with 
alcoholic ammonia, but it was then found that some portion of the 
nitration product other than (V) gave amines with ammonia with 
the formation of large quantities of ammonium chloride. It is 
possible that the 5-chlorine atom in (VIII) had, despite the steric 
hindrance due to the two adjacent mtro-groups, reacted with the 
ammonia. As the chloroacetyl derivatives of the amines produced 
were themselves soluble in alkali, this method of separation by 
chemical means was abandoned. 

Finally, crystallisation from methylated spirit of the nitration 
product of the chlorination mixture was resorted to, and 2 : 6-di- 
ehloro-3 : 4-dinitrotoluene (V) was isolated in a yield corresponding 
to 47*9% of 2: 6-dichloro-4-nitrotoluene (III) in the chlorination 
product. This physical method of separation, although far from 
being an ideal one, makes it certain, when considered in connexion 
with the following facts, that (III) is the chief dichloronitrotoluene 
formed. First, it is impossible to separate by fractional crystal¬ 
lisation all the (V) produced, owing to the formation of liquid and 
low-melting solid mixtures of a complex nature. Secondly, it has 
been shown {Davies, be. tit., p. 810) that the monochlorination of 
(I) with the calculated amount of chlorine left some unchanged sub¬ 
stance, and therefore that one or more trichloro-j?-nitrotoluene deriv¬ 
atives were formed. In fact, a larger amount of (V) can be isolated 
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when the chlorine absorbed is about 1 % greater than the quantity 
theoretically required to produce dichloro-_p-nitrotoluenes (see p. 
1417). Hence the monochlorination product of (I) contains consider¬ 
able quantities of substances other than dichloro-p-nitrotoluenes. * 
Moreover, there is reason to believe that a portion of the chlorine 
goes into the side chain. On monochlorination of (III) in presence 
of either antimony trichloride or ferric chloride, a very complex 
mixture is formed from which nothing pure can be isolated by 
distillation or crystallisation, although mono-substitution could lead 
only to 2:5: 6-trichloro-4-nitrotoluene. Nitration and reduction 
followed by condensation with phenanthraquinone gives only a 
small quantity of a phenanthrazine (m. p. 343°), which is possibly 
derived from 2:5: 6-trichloro-4-nitrotoluene. It is certain from 
this experiment that the expected nuclear substitution of (III) has 
not occurred smoothly, and no doubt this anomalous reaction, 
whatever it may really be, occurs to some extent in the chlorination 
of the simpler 2-chloro-4-nitrotoluene. Side-chain substitution in 
presence of a catalyst is not so rare as is usually considered. One 
such instance, with 2-chloro-4-nitrotoluene, has already been pointed 
out (J., 1922, 121, 812), with iodine as the catalyst. The present 
authors find that the action of bromine onp-nitrotoluene at 95—120° 
(this relatively high temperature being necessary to bring about a 
reaction) gives a 46% yield of pure p-nitrobenzyl bromide (m. p. 
99°), and a similar result with toluene in presence of antimony 
tribromide and bromine is recorded by van der Laan (Bee. irav . 
chim., 1907, 26, 1). 

It is difficult to advance a logical and satisfactory explanation 
which will account for a change of substitution type such as the 
one here established. As has been already pointed out (Davies, 
loc. cit 9 p. 809), sterie conceptions based on the atomic volumes of 
the groups whose positions of substitution are compared lead to 
contradictory conclusions, though Holleman (loc. cit ., p. 220) 
apparently considers the application of such ideas helpful as far as 
some rather simpler molecules are concerned. A more satisfactory, 
although far from convincing explanaiSon may be found in a con¬ 
sideration of the difference in chemical nature of the two groups 
under comparison, and also in the experimental conditions of the 

* In the actual experiments herein described, 35 -nitrotoluene was dichlorin- 
ated and 2-chloro-4-nitrotoluene was not first isolated, and monoehlorinated 
(see Davies, loc. cit. 9 p. 810, for the justification of this). In any case, the 
other possible isomeride, 3-chloro>4-nitrotoluene, could on further chlorin¬ 
ation give no 2 : 6 -dichloro-p-nitrotoluene, and therefore the dichlorination 
of p-nitrotoluene could not, when compared with the monochlorination of 
r 2-ehloro-4-nitrotoluene, favourably affect the proportion of 2 : 6 -dichloro- 
3 : 4-dinitrotoluene (V) actually isolated. 
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reactions. Investigations are being carried out with special refer¬ 
ence to these points of view. 

Experimental. 

2 : (>’Bichloro -3 : 4:-dinitrotoluene (V).—A solution of dry 2 : 6-di- 
chIoro-4-nitrotoluene (III) (6*7016 g.) in concentrated sulphuric 
acid (S3 c.c.) at 65° is treated with a mixture of nitric acid (3*3 c.c.; 
d 1*52) and concentrated sulphuric acid (17 c.c.). The temperature 
is kept at 80—-85° for 8 minutes. The oil that has separated then 
solidifies and, after drying over phosphorus pentoxide in a cathode- 
ray vacuum, weighs 8*1517 g. (yield 99*8%). Its m. p., 129—130°, 
is raised only 1° by repeated crystallisation. Further exposure to 
a cathode-ray vacuum causes a steady loss in weight due, as shown 
by a blank experiment with pure dry material, to the volatility of 
the substance. 

The oxidisable o-diamine obtained by reducing 2 : 6-dichloro- 
3 :4-dinitrotoluene with zinc dust in dilute alcohol containing a 
trace of ammonium chloride was characterised as 1 :3 -dichloro- 
%methylbenzojpJienanthrazirie, yellowish-brown plates from anisole, 
m. p. 279—286° (corr.), by condensation with phenanthraquinone 
in glacial acetic acid. The azine is sparingly soluble in cold organic 
solvents and develops a cerise coloration in cold concentrated 
sulphuric acid (Found : Cl, 19*3. C 21 H 12 N 2 C1 2 requires Cl, 19*5 %). 
The conversion of (V) into this compound is, however, not a quan¬ 
titative process and, moreover, does not lend itself to the rough 
estimation of (V) in the^ presence of other o-dinitro-compounds of 
toluene. 

2 : 6- Dichloro-4:-nitro-m-toluidine (VI).—A mixture of 2 : 6-di- 
chloro-3 :4-dinitrotoluene (50 g.) and 200 c.c. of alcoholic ammonia 
(5%) is heated for § hour at 90—98° (10 atm.). The pressure is 
then released, 50 c.c. of alcoholic ammonia (10%) are added, and 
the mixture is heated for 2 hours at 127° and 7*3 atm. The product 
is allowed to crystallise, and after recrystallisation from alcohol 
34 g. (77% yield) of the pure amine are obtained, only a small 
amount of low-melting material and a mere trace of ammonium 
chloride being produced. 2 : $-Dichloro-4o-nitro-m-toluidine } m. p. 
136°, forms thin, deep yellow plates from benzene and brown 
prisms from alcohol and is soluble in mineral acids only if very 
concentrated (Found : Cl, 31*75. C^O^CLj requires Cl, 32-1%). 
It is different from the only other possible isomeride, 2 : 6-diehloro- 
3-nitro-p-toluidine (m. p. 130—131°; Davies, be. cit., p. 814), and 
is converted through its diazonium sulphate into 2 :6-dichloro- 
4**mtrotoluene in good yield. Its constitution is thus established. 

W 21 ^-DifMoroA-nitroctce^-m-bluidide, obtained by boiling the base 
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and excess of acetyl chloride in benzene for 9 hours, separates 
from alcohol or benzene in colourless plates, in. p. 185°. The 
benzoyl compound, similarly prepared, forms colourless, feathery 
crystals, m. p. 215° (Pound: N, 8-7. C 14 H 10 O 3 N 2 Cl 2 requires N, 
8*6%). 2 : ^-DicMoroA-nitrochloroaceto-m-toluidide (VII), also simi¬ 
larly prepared, separates from alcohol in colourless plates, m. p. 
170° (Pound : N, 9*4. C 9 H 7 0 3 N 2 C1 3 requires N, 9*4%). 

The mixture formed by dichlorinating p-nitrotoluene is nitrated 
under the conditions described on p. 1416, the product thoroughly 
washed with water and heated with alcoholic ammonia under the 
conditions described on p. 1416. The final product, containing 
much ammonium chloride, and amines formed by elimination of 
chlorine and a nitro-group, is treated with excess of benzene, the 
benzene-alcohol constant-boiling mixture removed on the water- 
bath, the dry amine chloroacetylated in benzene, the benzene and 
excess of chloroacetyl chloride are removed, ultimately in a vacuum, 
and the chloroacetylated amines extracted with cold sodium 
hydroxide solution and reprecipitated with cold hydrochloric acid. 
The product, however, melts below 158°, and is a mixture of chloro¬ 
acetylated amines, from which, after three recrystallisations from 
alcohol, (VII) is isolated in a quantity corresponding to a yield of 
less than 40% of (III). 

Estimation of 2 : 6-Dichloro-4:-nitrotoluene (III) as 2 : 6-Dichloro- 
3 : 4:-dinitrotoluene (V).—In the preliminary experiments 1 g.-mol. 
(137 g.) of ^-nitrotoluene was chlorinated in the presence of antimony 
trichloride until, after the removal of chlorine and hydrogen chloride, 
the increase in weight (69 g.) corresponded closely (within 0*2 g.) 
to the entry of 2 gram-atoms of chlorine. After nitration, and 
separation of (V) by repeated crystallisation from methylated spirit, 
the oily residue was distilled in steam, and the least volatile portion 
fractionally crystallised from alcohol. The product (2 g., m. p. 
85*5°) was shown by a mixed melting-point determination to be 
2-chloro-4: 5-dinitrotoluene (II). The yield of (V) corresponded to 
a yield of 43% of (III), and it was found advantageous to have a 
slight excess of chlorine over the 2 gram-atoms theoretically 
required, because the trichloronitrotoluene derivatives did not appear 
to interfere in the separation of (V) to the same extent as did (II). 

One g.-mol. of jp-nitrotoluene (137 g.) mixed with 4*5 g. of anti¬ 
mony trichloride is chlorinated at 65—75° until the weight is 
212*7 g. A current of dry air is blown through the liquid at 100° 
until all the chlorine and hydrogen chloride are removed. The 
increase in weight is now 0*7 g. in excess of the 69 g. theoretically 
required. A solution 4 of exactly half the product (105*6 g.) in 
concentrated sulphuric acid (350 c.c.) is treated at 65° with a 
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mixture of nitric acid (20 c.c.; d 1*52) and concentrated sulphuric 
acid (50 c.c.). Having been kept at 80—85° for 8 minutes, the 
mixture is poured on to ice, and kept for 48 hours at 0°. The 
solid product is then washed with cold water and boiled with 
methylated spirit (300 c.c.), the solution (A) poured off, and the 
residue dissolved in a further 300 c.c. of alcohol (Solution B). 
After 5 hours, (B) deposits almost pure (V), and the filtrate is used 
to dissolve the less pure crystals from (A). The deposit from (B) 
is recrystallised from methylated spirit, pure (V) being produced 
(m. p. 130—131°), and the filtrate is used to crystallise the much 
less pure portions; when the m. p. of these has been raised to 
125—128°, they are crystallised from spirit. The process is expe¬ 
dited by pouring off the mother-liquor from the first crop of crystals, 
which contains the largest amount of (V), while the solution is hot. 
(V) is the least soluble substance present. In this way more than 
50 g. of a pure product (m. p. 130—131°) are obtained in a very 
short time; further small quantities are obtained from the inter¬ 
mediate fractions. The large volume of solution containing the 
most soluble portion, when concentrated and kept for several 
months, deposits a solid from which a very small quantity of (V) 
can be isolated. In the first experiment, which lasted a week, 
56*8 g. of (V) were isolated, corresponding to a yield of 45*2% of 
(HI). In the second estimation, which, owing to the more thorough 
examination of the oily portions, was more prolonged, 60*1 g. 
[corresponding to a yield of 47*9% of (HE)] were obtained and there 
were indications that a small quantity of (V) still remained in the 
oily mixture. 

The semi-solid final product was recrystallised from alcohol and, 
apart from a large quantity of oil, two crystalline fractions, m. p. 
85—97° and 100—115°, were obtained. The second substance 
softened at 100—101°, which is the m. p. of (VIII), but this com¬ 
pound could not be obtained pure. It (4 g.) was reduced as 
described on p. 1416, and the amine obtained was condensed with 
phenanthraquinone (2 g.) in boiling acetic acid. The product 
formed yellowish-brown needles (0*85 g.), m. p. 307—309° (decomp.; 
corr.), from anisole and gave a cerise coloration with cold concen¬ 
trated sulphuric acid (Bound: Cl, 23*6%). Whatever this com¬ 
pound may be, its formation shows that almost all (V) has been 
removed from the 100—115° fraction (about 9 g.). The high 
percentage of chlorine, much greater than that required for the 
phenanthrazines from (II) and (V), shows that probably a trichloro- 
nitrotoluene derivative is present. 

Chiorimiion of 2 : 6-JDicMoro-4:-nitroiolv^ne (III).—-This compound 
(41*2 g.), mixed with ferric chloride (1*8 g.), is chlorinated at 65—80° 



CONSERVATION OF THE TYPE OF SUBSTITUTION, ETC. 1419 

for 24 hours, the increase in weight being 7*8 g. (cale. for mono¬ 
chlorination, 6*9 g.). The high temperature of 80° is ultimately 
required, not only to expedite the process, but also to melt the 
solid which crystallises out towards the end of the reaction. The 
product after removal of inorganic matter distils at 135—155°/5 mm. 
The colourless distillate is crystallised from spirit, and the portion 
(7 g.) which melts over the lowest range (60—78°) is nitrated with 
mixed sulphuric and nitric acids, the product reduced as described 
on p. 1416, and the base produced condensed with an excess of 
phenanthraquinone in glacial acetic acid. The compound (1*3 g.) 
produced separates from anisole, in which it is very slightly soluble 
in the cold, in deep yellow prisms, m. p. 343° (corr.) (Found : Cl, 
26*6. C 21 H n N 2 Cl 3 requires 01,26*8%), and may be 1 : 3 : 4 -irichloro- 
2-methylbenzophena7ithrazine, which would be the expected product 
if nuclear substitution had taken place in the chlorination. It 
is not easy, however, to understand why such a small quantity of 
it is formed, and why the chlorination does not proceed, as would 
be expected, to give 2:5: 6-trichloro-4-nitrotoluene as the chief 
product. A pure substance could be obtained neither from the 
chlorination product nor from the nitration product of this by 
/epeated crystallisation. 

This phenanthrazine is different from that obtained from the 
highest-melting substance [after the removal of (V)] formed in the 
nitration of the dichlorination product of p-nitrotoluene. The lower- 
melting portions of this product, which almost certainly contains 
several 3 : 4-dinitrotoluene derivatives, were not examined from the 
point of view of the formation of phenanthrazine derivatives. 

Summary. 

The product of monochlorination of 2-chloro-4-nitrotoluene in 
presence of antimony trichloride, from which more than 30% of 
2 : 6-dichloro-4-nitrotoluene had previously been isolated (J., 1922, 
121, 806), has now been shown to contain, in addition to consider¬ 
able quantities of substances other than nuclear-substituted dichloro- 
4-nitrotoluenes, 47*9% of that compound, estimated as 2:6- 
dichloro-3 : 4-dinitrotoluene. This result, when compared with the 
nitration of 2-chloro-4-nitrotoluene (Morgan and Drew, J., 1920, 
117, 793), in which more than 85% of the product is 2-chloro- 
4:5-dinitrotoluene, shows that a change of substitution type has 
occurred. 

The authors are indebted to the Victorian Government Research 
Grant Committee for a grant towards the cost of chemicals. 

Melbourne University. [ Received , January 18&, 1926.] 
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CLXXXIV .—The Boiling Points of Some Higher 
Aliphatic n-Hydrocarbons. 

By Francis Francis and Norman Edward Wood. 

The long-continued fractionation of Scotch paraffin wax led to 
the isolation of seven fractions of constant boiling point (J., 1922, 
121, 1529), and later ( loc. cit., p. 2804), evidence was advanced for 
the belief that these fractions were pure hydrocarbons. Piper 
and his students (J., 1925, 127, 2194) submitted these hydro¬ 
carbons to X-ray analysis, and finding that the spacings coincided 
with those obtained by Muller and Saville for synthetic hydro¬ 
carbons (loc. cit., p. 600), concluded that £< the hydrocarbons obtained 
from paraffin wax are identical in constitution with the synthetic 
^-hydrocarbons. 5 5 

Certainly, then, as regards the material obtained from shale in 
Scotland fusing between 55° and 56°, and most probably paraffin 
from all sources, the view that has been held since Krafft’s w T ork 
in 1888 has been proved finally to be correct. The number of 
hydrocarbons present in different paraffins is still an open ques¬ 
tion, but if Scotch wax is at all typical, the number is not so large 
as Krafft stated, and is much nearer 10 to 12 than the 35 (18 of 
which were considered to be pure) that he believed to be present 
in the specimen he investigated (Ber., 1907, 40, 4779). 

In Piper’s communication, the question was raised of the un¬ 
trustworthiness of the molecular magnitudes of some of the hydro¬ 
carbons from paraffin wax as determined by the ordinary ebullio- 
scopic methods. 

We thought it most probable that a direct comparison of the 
boiling points of synthetic w-docosane, C 22 H 46 , with fraction B over 
a range of pressures would show either that these two substances 
were identical, which Piper states to be the case, or that B was 
the deduction from a series of very concordant molecular- 
weight determinations by the ebullioscopic method. ?z-Doeosane 
was synthesised by the electrolysis of a solution of potassium 
laurate c< Kahlbaum ” (Petersen, Z. EleJctrochem., 1906, 12, 141) 
and purified by three crystallisations from benzene; it fused at 
44*5° and the specimen used for this work boiled at a constant 
temperature. 

A boiling-point graph drawn from the data (Table I) for this 
synthetic material showed that all the boiling points at different 
pressures of the hydrocarbon B isolated from paraffin fell on 
that curve. There can therefore be no doubt that the two sub- 
•stanees are identical, that one of the constituents of paraffin is 
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?i-docosane, and that the molecular-weight determination of this 
hydrocarbon from that source was too high by about 4%. 


Table I. 

Boiling 'points at various pressures (uncorr.). 
Fraction. 


B (C 22 H 46 ). C (C 24 H 60 ). E (C a6 H 54 ). F (C 28 H 68 ). 


27-1 mm. 

236° 

27*6 mm. 255*5° 26*5 mm. 

269° 

28*0 mm. 288° 

16-0 


224 

13*3 

238*5 14*2 

257 

12*1 

267*5 

9-9 


212 

4*4 

210*5 8*4 

245*5 

7*1 

258*5 

4*8 


199*5 

2*5 

202 4*4 

233 

3*6 

244 

2*0 


189 

1*5 

195 2*1 

223*5 







Fraction. 





« (C 2 „h m ). 

C.O. <C m H S0 ). 

F.O. (C 28 H 58 ). 


19*0 mm. 

290*5° 

24-6 mm. 253° 

26 mm. 

287° 


13*6 


279*5 

12-5 236-5 

14*9 


274*5 


8-3 


270*5 

7-3 221 

7*1 


258*5 


4*1 


254 

3-7 209 

4*5 


247 


2*5 


248 


2*2 


234 




Synthetic Hydrocarbons. 





c 16 h 34 


C 22 H 46 * 



C 34 H 70 . 

19*5 mm. 

161*5° 

24*7 mm. 233*5° 30*5 mm. 

311*5° 

30 mm. 337*5° 

13*8 


156 

18*3 

226 20*5 

300 

19*5 

325 

9*0 


145 

11*2 

215 14*5 

291 

15*0 

319 

5*3 


137 

5*0 

198 6*2 

268 

4*6 

297*5 





1*7 

241*5 

2*4 

285 


The synthetic hydrocarbons (C 24 , C 25 , C 26 , C 28 , C 29 , ^3l) required 
to make a similar direct comparison between the other six hydro¬ 
carbons isolated from paraffin were not available. 

Consequently we synthesised ^-hexadecane, «.-triacontane, and 
n-tetratriacontane in order to obtain the relationship between the 
boiling points at 15 mm. of these hydrocarbons and their respective 
carbon contents. This would enable a comparison to be made 
with the boiling points under the same pressure of the hydrocarbons 
isolated from paraffin. 

Hexadecane was prepared by the reduction of cetyl iodide and 
purified by treatment with concentrated sulphuric acid; it showed 
a constant boiling point of 156°/13-8 mm, Triacontane and tetra- 
triacontane were synthesised by the electrolysis of the potassium 
salts of palmitic and stearic acids, respectively, these acids being 
the purest obtainable from Kahlbaum. Each hydrocarbon was 
purified by three crystallisations from benzene and the specimens 
used in this investigation had constant boiling points. 

From the data for the synthetic hydrocarbons in Table I, the 
boiling points at 15 mm. can be obtained by interpolation, and 
when these were plotted against their respective carbon contents 
a smooth curve resulted. 
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On this curve, within an experimental error of between 1° and 
2°, lay the boiling points at 15 mm. of the following hydrocarbons 
isolated from paraffin: C^H^, C 26 H M , C 28 H 58 , C 29 H 60 . We had 
insufficient amounts of the hydrocarbons C 2 5 H 52 and C 31 H 64 from 
paraffin to determine the boiling points with any degree of accuracy. 

As these results are in entire agreement both with the molecular 
weights of these paraffin hydrocarbons as determined by the 
Menzies and Wright apparatus (J., 1925, 127, 2194) and with 
those obtained by X-ray analysis, there can be no doubt that the 
paraffin wax investigated in these laboratories contains in addition 
to w-docosane, the ^-hydrocarbons tetracosane, hexacosane, oeta- 
cosane, and nonacosane. The two {pentaeosane and hentriacon- 
tane) whose boiling points at 15 mm. have not been determined 
had been analysed by X-rays and can clearly be added to this 
list. 

It has been shown (J., 1922, 121, 2808) that on the oxidation 
of the seven hydrocarbons obtained from paraffin, in each case 
the small amounts which escaped this process were identical with 
the hydrocarbon used, and this fact was taken as a criterion that 
pure specimens had been isolated. Sufficient amounts of the 
unchanged hydrocarbons from the oxidation of tetracosane and 
oetacosane (from paraffin) were available for the purpose of deter¬ 
mining their boiling points at different pressures; in both cases 
these lay on the graphs for the parent hydrocarbons {see Table I, 
Fractions C.O. and F.O.). This constitutes a further proof of their 
identity and an additional support for the view that the two 
hydrocarbons are pure materials. 

All the boiling points given in Table I were determined in an 
apparatus similar to that used for the fractionation of wax (J., 
1922, 121, 1529), but the data obtained were not corrected for the 
exposed stem of the thermometer, 

Erafft prepared a large number of synthetic ??-hydrocarbons in 
1882 and 1886 (Ber., 15, 1687, 1711; 19, 2218), and we found 
that the boiling points at 15 mm. recorded by him for the ten 
hydrocarbons C 15 H 32 to C 24 H 50 fell on the graph (connecting b. p. 
and carbon content) constructed from our more limited data. 
Even in the case of C 27 H 56? C 31 H 64 , C 32 H 66 , and C 35 H 72 , the difference 
was only + 2°. 

This correspondence with our uncorrected data was so striking 
that we concluded that Krafffc’s boiling points at 15 mm. could 
not have been corrected for the exposed stem of the thermometer. 
It appeared to ns that the corrections, certainly necessary for our 
own data, were equally applicable to his. 

• f U Oi. the thermometer used in this work and with the same appa- 
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ratus the boiling point of naphthalene at 744*2 mm . was 211*1°, 
and of benzophenone 293*5° at 749 mm. D imm er’s formula for 
the correction (Landolt-Bornstein, ii, 1212) being applied, these 
data become 216*9° and 305*9° at 760 mm., which are in agree¬ 
ment with the recorded boiling points of these substances, viz,, 
217*2° and 305*9°. The correction amounts to 1*7° at 150°, 4*5° 
at 200°, 8*3° at 250°, and 12*3° at 300°. 

In Table II are the most probable corrected boiling points at 
15 mm. of Krafft’s hydrocarbons and those described in this com¬ 
munication; the error, we believe, does not exceed ± 1*5°. 

Table II. 

Boiling points of n-hydrocarbons {corrected) at 15 mm. ; 
probable accuracy ^ 1*5°. 


^16^32 

Synthetic K . 

. 144° 

C 25 H 52 Interpolated .. 

. 259° 

c 16 h 34 


K S P. 

.. 158 

Co 6 H m Paraffin F . 

. 268 

c T7 h s(! 

» 

K .. 

.. 171 

C 27 H 56 Synthetic K . 

. 277 



K .. 

.. 184 

Co 8 H B8 Paraffin F . 

. 286 

C lt H 40 


K . 

.. 196 

Caglleo ,, F . 

. 295 

cys„ 


K . 

.. 208 

C 30 H 62 Synthetic F .•. 

. 304 

c 21 h 44 


K . 

.. 219 

C 3 jH 64 „ K ..— 

. 312 

c 22 h 18 


K, F. 

and paraffin 

.. 230 

^32® 6 6 97 K . 

C 33 H 6 « Interpolated . 

. 320 

. 328 

C 2 S-H 48 

>9 

K .. 

.. 240 

C 34 H 70 Synthetic F . 

. 336 

C 24 H t0 

9) 

K, F. 

and paraffin 

.. 250 

C m H !2 „ K . 



K * Krafft. F = present communication. 

The observed b. p. of our specimen of hexadeeane on the thermo¬ 
meter used in this investigation was 278° at 764*8 mm.; correction 
for exposed stem raises this to 288*6°. Within the experimental 
error, this agrees with Krafft’s determination, viz., 287*5° at 760 mm. 

Since the boiling point at 760 mm. recorded by Krafft for this 
hydrocarbon, and also those of C 17 H 36 , C 18 H 38 , and C 18 H W , all 
lie on a smooth curve connecting boiling points and carbon con¬ 
tent, there can be no doubt that, as far as these hydrocarbons are 
concerned, Krafft’s data at normal pressure were corrected for the 
exposed stem of the thermometer. 

Our warmest thanks are due to Professor Sydney Young of 
Trinity College, Dublin, for the great assistance he has given us 
in considering and comparing our results with those of Krafft. 
In Krafft'S communications to the Berichte there are many cases 
in which it is not possible to be certain whether the data recorded 
have or have not been corrected in the manner discussed in this 
communication. 

Thu University, Bristol. [Received, January 28 th, 1926.] 
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CLXXXV .—The Monochloro-derivatives of m -Cresol. 

By George Philip Gibson. 

Except in the case of 6-chloro-m-cresol (Kalle and Co., D.R.-PP. 
90,847 and 93,694; Friedlander’s “ Fortschritte,” Vol. IV, 94) 
and 6-chloro-m-methoxybenzoic acid (Peratoner and Condorelli, 
Gazzetta , 1898, 28, i, 214), little information is given in the literature 
regarding the monochloro-derivatives of m-cresol (Mazzura, Gazzetta, 
1899, 29, i, 380; 1900, 30, ii, 84; Friedlander and Schenk, Ber ., 
1914, 47, 3040; Raschig, D.R.-P. 232,071,1909; Biechele, Annalen , 
1869, 151, 115). 

The author has studied the monochlorination of m-cresol, isolated 
the 2-, 4-, and 6-chloro-m-cresols (the first with difficulty), and 
converted them into the corresponding chloro-m-methoxybenzoic 
acids. The constitutions of these were determined by preparing 
the respective compounds from the corresponding 2-, 4-, and 
6-nitro-m-cresols (Gibson, J., 1923,123,1267) by successive methyl- 
ation, reduction, substitution of chlorine for the amino-group, and 
oxidation of the resulting chloro-m-tolyl methyl ethers. 

The reduction of 2-nitro-m-tolyl methyl ether by tin and hydro¬ 
chloric acid produces an oily mixture of bases instead of the pure 
3-methoxy-o-toluidine which is formed when iron and dilute acetic 
acid are used (Gibson, loc. tit.). The least volatile constituent of 
this mixture is a chloro-base, m. p. 47°. This is probably 5-chloro- 

3- methoxy-o-toluidine, since an isomeric base, m. p. 50°, was 
obtained by reducing 6-chloro-2-nitro-m-tolyl methyl ether. 

Experimental. 

Chlorination of m-Cresol .—A saturated solution of chlorine 
(1*1 mols.) in carbon tetrachloride (7*5 g. in 100 c.c.) was added 
gradually to a mechanically stirred solution of m-cresol in carbon 
tetrachloride. The solvent was then evaporated and the residue 
fractionally distilled. After five operations, 37% of the product 
boiled at 196—197° and 47% at 231—233°. 

The fraction, b. p. 196—197°, was seeded at 0° with a crystal of 

4- chloro-m-cresol obtained by the hydrolysis of 4-chloro-m-tolyl 
toluene-^-sulphonate. The crystals thus produced were separated 
from the residual oil, washed quickly with ice-cold light petroleum, 
and recrystallised from that solvent. The crystals obtained by 
seeding the residual oil, diluted with an equal volume of light 
petroleum (b. p. 50—60°), at —15° were similarly treated. 

&-CHoro-m-creaol was thus obtained (29% of the fraction) in 
: -feifcge, •colourless prisms, m. p. 46°, b. p. 196° (Found: Cl, 24*8. 
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C 7 H 7 0C1 requires Cl, 24-8%). The methyl ether is a colourless,, 
pleasant-smelling liquid, b. p. 212*5°. The acetate has b. p. 122— 
123°/11 mm. The benzoate separates from alcohol in massive 
tablets containing alcohol, m. p. 31°, and from light petroleum, 
in crystals, m. p. 40°. The toluene-p-sulphonate, 
C 6 H 3 MeCl-0-S0 2 *C 6 H 4 Me, 

crystallises from alcohol or acetone in large, six-sided prisms, m. p. 
96°. It is sparingly soluble in alcohol or light petroleum. 

The mixture of chloro-m-cresols obtained from the final petroleum 
mother-liquor (p. 1424) was converted almost quantitatively by 
treatment with sodium hydroxide solution and methyl sulphate* 
into a mixture of ethers, b. p. 218—219°, which on oxidation; 
with boiling dilute permanganate solution gave a theoretical yield: 
of a mixture, m. p. 185—196°, of chloromethoxybenzoic acids. 
This mixture, systematically crystallised from chloroform, gave 
42% of 4-chloro-m-methoxybenzoic acid, m. p. 211°. The final 
mother-liquors yielded a glue-like mass, which was dissolved in 
ether and fractionally extracted with 1% aqueous sodium hydr¬ 
oxide ; the ethereal solution of the acid from each of these fractions, 
was again extracted with an aqueous solution of the sodium salt 
of the next fraction. By repeated treatment of this kind, the 
mixture was completely separated into 2-ehloro- and 4-ehloro-m- 
methoxybenzoic acids. 

2-Chloro-m-cresol, the presence of which in the crude, chlorination 
product was thus established, was obtained by boiling its methyl 
ether (below) with hydriodie acid for 6 hours. The product was 
freed from the unchanged methyl ether with the aid of sodium 
hydroxide and distilled (b. p. about 194°); it then crystallised from- 
light petroleum in massive, ill-defined, transparent crystals, m. p.. 
55—56°, having a pronounced phenolic odour and being very 
sparingly soluble in cold water. The methyl ether, prepared from 
2-nitro-m-tolyl methyl ether (p. 1426), crystallised from light 
petroleum in massive prisms, m. p. 24*2°, b. p. 218-5° (Found r. 
Cl, 22*7. C 8 H 9 0C1 requires Cl, 22*7%). 

§-Chloro-m-cresol. —A portion (49%) of the fraction of the crude 
chlorination product, b. p. 231—233°, solidified, and recrystallis¬ 
ation from light petroleum gave pure 6-chloro-m-cresol, m. p. 
57° (Kalle and Co., loc . cit give 66°), b. p. 234° (Fbund : Cl, 24-9i. 
Calc.: Cl, 24*8%). 

The methyl ether boils at 213*5° and the acetate at 123—124°/ 
11 mm. The benzoate , m. p. 86°, crystallises in thin, rectangular' 
plates from alcohol, carbon tetrachloride, or light petroleum, andi 
is not freely soluble in the latter two (Found: 68*1; H, 4*5.. 

C 14 H U 0 2 C1 requires C, 68*2; H, 4-4%). The tokverve-p-8ulphonate y , 
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m. p. 98°, crystallises from alcohol and light petroleum, in both 
of which it is only slightly soluble, in plates and needles respectively. 

The mother-liquors from the 6-chloro-m-cresol (p. 1425) gave, 
on evaporation, a solid of low melting point, which was treated 
with methyl sulphate and alkali; the resulting mixture of methyl 
ethers * gave, after repeated fractional distillation, 35% of 6-chloro- 
wi-tolyl methyl ether (b. p. 213*5°) and about 21% of a liquid, 
b. p. 248—249°, which was probably a mixture of 2 : 6- and 4 : 6-di- 
chloro-m-tolyl methyl ethers. 

Reduction of 2 -Nitro~m4olyl Methyl Ether (compare Gibson, J., 
1923, 123, 1267; Hodgson and Beard, J., 1925, 127, 498).—By 
the action of tin and hydrochloric acid on this ether a mixture 
(m. p. 27°) of 3-methoxy-o-toluidine and 5-ehloro-3-methoxy-o- 
toluidine (about 10% of the product) is produced. The former is 
removed by fractional distillation in steam, and the residue, after 
'being freed from a red impurity by distillation in a vacuum, separates 
from light petroleum in slender needles of 5-chloro-3-methoxy-o- 
toluidine, m. p. 47°, b. p. 140—142°/11*5 mm., which are slightly 
.-soluble in light petroleum (Found: N, 8-1. C S H 10 ONC1 requires 

X, 8 * 2 %). 

The acetyl derivative, obtained by means of acetic anhydride 
' containing a trace of sulphuric acid (Smith and Orton, J., 1908, 
'93, 1250), crystallises from alcohol, acetone, or benzene in colour¬ 
less needles, m. p. 170°. It is sparingly soluble in water, light 
petroleum, carbon tetrachloride, or benzene (Found: ;N, 6-5. 
C 10 H 12 O 2 NCl requires N, 6*6%). 

2-Chloro-m-tolyl Methyl Ether. —The more volatile portion of 
the steam distillate (see above), consisting of 3-methoxy-o-toluidine 
with a small proportion of the chloro-base just described, is trans¬ 
formed into a mixture of chloro- and dichloro-w-tolyl methyl 
ethers by the Sandmeyer method. This product is distilled in 
steam, extracted from the distillate with ether, freed from any 
phenolic compounds by shaking with dilute aqueous alkali hydr¬ 
oxide, and repeatedly fractionally distilled. 2-Chloro-m-tolyl 
methyl ether (p. 1425) is thus obtained in a pure state (yield 54%, 
calculated on the nitro-compound used). The fractions of high 
boiling point, after distillation in a vacuum and recrystallis¬ 
ation from light petroleum, give 2 : 5-dichloro-m-tolyl methyl ether 
(yield 8-7%), which crystallises from light petroleum in slender 

* Methylation in this type of compound overcomes the lowering of the 
boiling point due to the ortho Cl: OH grouping and the effect of a second 
• chlorine atom in the molecule is then appreciable : 6-chloro-m-tolyl methyl 
:':H0$herhdls. at 213*5° and 4 : 5-dichloro-m^tolyl-methyl ether at 249°, whereas 
weeds boil at 234° and 232°, respectively. 
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prisms, m. p. 52°, b. p. 119—120°/12*5 mm., having the pleasant 
odour characteristic of these chloro-ethers (Found : OMe, 16*2; 
Cl, 37-0. C 8 H 8 OCL 2 requires OMe, 16-2; Cl, 37*1%). 

§-Ghloro-2-nitro-m-tolyl methyl ether is formed when 2-nitro-m- 
tolyl methyl ether is treated with chlorine at 160—170° until the 
gain in weight corresponds to 1 g.-atom. The dark reddish-brown 
product is repeatedly distilled (10 mm.) to free it from unchanged 
2-nitro-ether (b. p. 120—130°), and the larger fraction (b. p. 140— 
145°), which solidifies, is fractionally crystallised from alcohol 
in order to remove some impurity, probably 4-chloro-2-nitro-m- 
tolyl methyl ether, which crystallises from the mother-liquors in 
tufts of very slender needles. 

The 6-chloro-derivative (yield 55%) crystallises readily from 
alcohol, light petroleum, or carbon tetrachloride in large, pale 
yellow prisms, m. p. 112°. It is sparingly soluble in hot or cold 
water, alcohol, light petroleum, or carbon tetrachloride, but is 
fairly easily soluble in acetone, benzene, or chloroform (Found: 
Cl, 17*9. CgHgOgNCl requires Cl, 17*65%). 

6-Chloro-3-methoxy-o-toluidine, prepared by reducing the preced¬ 
ing compound with iron borings and dilute acetic acid (compare 
p. 1424), crystallises from light petroleum, in which it is fairly easily 
soluble, in long needles, m. p. 50°, b. p, 145—146°/12 mm. (Found : 
N, 8*2. C 8 H 10 ONCl requires N, 8*2%). 

The acetyl derivative, m. p. 154Vcrystallises readily from organic 
solvents, and is sparingly soluble in light petroleum, carbon tetra¬ 
chloride, or benzene (Found: N, 6*3. C 10 H 12 O o NC 1 requires N, 
6*6%). 

When diazotised 6-chloro-3-methoxy-o-toluidine is treated with 
an alkaline solution of sodium stannite, and the resulting 6-chloro- 
m-tolyl methyl ether (b. p. 213—214°) oxidised with boiling dilute 
permanganate solution, 6-chloro-ra-methoxybenzoic acid, m. p. 
173*5°, is obtained (p. 1428). 

Orientation of the 2-, 4-, and 6-Chloro-m-cresols. —The orientation 
of 2-chloro-m-cresol, by the preparation of its methyl ether from 
2-nitro-m-cresol, has already been described (p. 1426). From the 
isomeric 4- and 6-nitro-m-cresols, the corresponding chloro-m-tolyl 
methyl ethers were prepared in a similar manner and oxidised 
to the corresponding chloro-m-methoxybenzoic acids. These com¬ 
pounds were identical respectively with those prepared by methyl¬ 
ating the 4- and 6-ehloro-m-cresols and oxidising the methyl ethers 
to the corresponding chloro-acids. These results are confirmed 
by the observed differences in the rates of oxidation of the methyl 
ethers to the acids; comparative experiments showed that the 
times required for the oxidation of equal weights (5 g.) of the 

3c 
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ethers were: 2-chloro-, 7*25 hours; 4-chloro-, 2*7 hours; and 
6-chloro-, 6*7 hours. 

2-Chforo-m-methoxybenzoic acid ,* m, p. 160*5°, is almost insoluble 
in benzene, chloroform, carbon tetrachloride, or light petroleum 
(b. p. 60—r80°) (Found : equiv., 186*9. Calc, for C 8 H 7 0 3 C1: equiv., 
186*5). 4-Chtoro-m-7WtTtoxybenzoic acid ,* m. p. 211°, crystallises 
from 50% aqueous alcohol in slender prisms and from chloroform in 
plates (Found: equiv., 186*5). 6-Chloro-m-methoxybenzoie acid, 
m. p. 173*5° (Peratoner and Condorelli, loc . tit., give 171°), is only 
sparingly soluble in benzene, light petroleum, or carbon tetrachloride, 
but dissolves freely in alcohol, acetone, or chloroform (Found: 
equiv., 187*6). 

The author desires to thank the Department of Scientific and 
Industrial Research for a maintenance grant, the University College 
Council, Nottingham, for .opportunities of carrying out this work, 
and Professor F. S. Kipping, F.R.S., for his kindly criticism and 
rigorous supervision. 
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CLXXXVI .—The Action of Thionyl Chloride on 
Hydroxyanthraquinones . Part II. Quinizarin. 
By Albert Green. 


The action of quinizarin on boiling thionyl chloride is different 
from that of alizarin (J., 1924, 125, 1450). One hydroxyl group 
of quinizarin is replaced by a chlorine atom, which is reactive, 
and the product consists of deep red needles. In these and other 
properties the compound differs from the known monochloro- 
monohydroxy anthraquinones. 

Slight loss of chlorine (1—2%) occurs when the compound is 
heated at 100°, or is boiled with acetic acid, for 1 hour. When a 
solution in concentrated sulphuric acid is heated on the boiling 
water-bath, the chlorine is eliminated as hydrogen chloride, and 
after 1 hour quinizarin is obtained in quantitative yield. The 
same product results from treatment with aqueous alkalis, and 
also by heating the cMoro-compound under pressure with absolute 
methyl or ethyl alcohol or with acetic acid. 

Oxidation with alkaline permanganate yields phthalic acid. 

When a solution of the cliloro-compound in absolute alcohol 


| containing 3% of hydrogen chloride is heated, a product is obtained 
* * Smoe this paper was written, these acids have been prepared by Hodgson 
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which is isomeric with the known monoethyl ether of quinizarin 
(Liebermann and Jellinek, Ber., 1888, 21, 1168). This product is 
converted into quinizarin by heating, it with concentrated sulphuric 
acid at 100° for an hour. 

Treatment of the chloro-eompound with boiling acetic anhydride, 
alone or with concentrated sulphuric acid, converts it into diacetyl 
derivatives of quinizarin. Efforts to isolate a monoacetyl deriv¬ 
ative were fruitless, as in all cases some decomposition occurred 
with loss of chlorine. Similarly the products of methylation with 
diazomethane were not uniform and contained varying amounts 
of chlorine, although the analyses pointed to the presence of one 
methoxyl group only. 

The chloro-compound condenses rapidly with boiling aniline 
and p-toluidine with loss of hydrogen chloride and production of 
moTboaminomonohydroxy-com^oxm&s ; longer treatment in presence 
of boric acid gives diaminoanthraquinones. These derivatives are 
respectively isomeric with the mono- and di-amino-compounds 
obtained by the condensation of quinizarin with aromatic amines, 
and the different colours of the solutions in concentrated sulphuric 
acid afford a means of distinguishing the isomer ides. 

While the replacement of one hydroxyl group of quinizarin by 
chlorine would be expected to give l-chloro-4-hydroxyanthra- 
quinone, it is obvious that the properties of the compound under 
consideration are not consonant with those of a chlorohydroxy- 
anthraquinone in which the halogen is in one of the outer rings. 
l-Chloro-4-hydroxyanthraquinone separates from alcohol in golden- 
yellow needles melting at 193°. It is unaffected by heating its 
solution in concentrated sulphuric acid for l hour at 100°, and is 
converted into quinizarin only when it is heated for several hours 
at 140° with sulphuric and boric acids (Eckert and Steiner, Monatsh 
1914, 35, 1145). 

The replacement of a hydroxyl group by a chlorine atom by 
means of thionyl chloride connotes an acidic hydroxyl, and this 
is a well-known method of preparing the acid chlorides of carboxylic 
acids. Properries similar to those of an acid chloride are shown 
by this new derivative of quinizarin; such are its rapid condens¬ 
ation with amines, and the tendency of the chlorine atom to react 
with diazomethane. The interaction of what may be called 
“ normal ” chloroanthraquinones with amines is slow even in the 
presence of catalysts (compare, among others, Harrop, Norris, 
and Weizmann, J., 1909, 95, 1313). Meyer and Sander (Annalen, 
1912, 396, 145), however, have shown that halogen-substituted 
anthxones, in which the halogen atom is attached to a meso-carbon 
atom, react readily with amines, giving aminoanthrones. 

3 o 2 
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The only structure which appears to account adequately for the 
properties of the new compound is that of lO-cJiloro-l-hydroxy- 
4: 9-anthraquinone (I). This formula necessitates an ortho-quin- 
onoid grouping, and in this connexion the deep red colour of the 
compound is noteworthy, and is hot found in “ normal 55 mono- 
hydroxy-9 :10-anthraquinones, which are yellow. 

Probably 10-chloro-l-hydroxy-4 : 9-anthraquinone is formed from 
q uiniz arin in one of two ways. (1) Quinizarin may exist in a 
reactive ortho-quinonoid state in which the two hydroxyl groups 
are in the 1:10 positions instead of the 1: 4 as usually formulated. 
a-Hydroxyl groups of hydroxyanthraquinones react with methyl¬ 
ating and acylating agents much less rapidly than similar groups 
in ^-positions. This fact and others have given rise to suggestions 
both of co-ordination between the hydrogen atoms of the a-hydr- 
oxyls and the neighbouring carboxyl oxygen atoms (Dimroth and 
Faust, Ber ., 1921, 54, 3020; Sidgwick and Callow, J., 1924, 125, 
527), and also of isomeric structures in which the hydrogens of 
the oc-hydroxyl groups are attached to the meso-oxygen. atoms 
(Perkin, J., 1899, 75, 453; Georgievics, Monatsh., 1911, 32, 329), 
to give ortho-quinonoid formulae. There is, however, no recorded 
instance of a hydroxy-9 : 10-anthraquinone reacting in such an 
isomeric form. 

(2) The reaction may occur in two stages. The first stage 
may be represented by the replacement of a carbonyl oxygen 
atom by two chlorine atoms—a reaction of this type occurs between 
benzaldehyde and thionyl chloride to give benzal chloride (Loth 
and Michaelis, Ber., 1894, 27, 2548). The second stage would 
then consist of the union of one of these chlorine atoms and the 
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hydrogen atom of the neighbouring hydroxyl group, giving hydrogen 
chloride and 10-chloro-l-hydroxy-4 *. 9-anthraquinone. It is in¬ 
tended to test this theory of the mechanism of the reaction by 
an examination of the action of thionyl chloride on the ethers of 
quinizarin. 


Both the above interpretations leave unexplained why only one 
of the carbonyl groups of quinizarin appears to take part in the 
reaction. 

In the preparation of pure quinizarin for this investigation it was 
observed that the diacetyl derivative exists in two polymorphic 
-forms with different melting points. 
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Experimental. 

Quinizarin .—Pure diacetylquinizarin (see p. 1435) was heated 
with concentrated sulphuric acid (6 parts) at 100° for 30 minutes, 
and the solution was then stirred into cold water. After boiling 
for 10 minutes, the mixture was filtered, the quinizarin washed 
with boiling water until free from acid, and dried at 100°. It 
assumed a dark metallic lustre at 183° and melted at 197—198°. 

lQ-Chloro-l-hydroxy-4:: 9- anthraquinone. .—When 30 g. of quin¬ 
izarin were boiled with 120 c.c. of recently distilled thionyl chloride, 
solution occurred rapidly with evolution of sulphur dioxide and 
hydrogen chloride. After 8—30 hours, the deep red liquid was 
concentrated to half bulk. On cooling in a dry atmosphere, it 
deposited dark red, fine needles (26 g.), m. p. 225—226° (even 
after recrystallisation from methyl or ethyl alcohol or benzene); 
a further 4 g. were obtained by concentrating the filtrate. The 
product was washed free from thionyl chloride with dry benzene 
and ether and dried in a vacuum over fused calcium chloride and 
soda lime (Found : C, 65*0; H, 2*8; Cl, 13*7; M , cryoscopic in 
naphthalene, 265, 260. C 14 H 7 0 3 C1 requires C, 65*0; H, 2*7; Cl, 
13*7% ; M, 258*5). It gave a bright red colour with alcoholic ferric 
chloride and when warmed with pyridine formed a dirty brown 
solution 'which slowly deposited a black, apparently amorphous 
powder. 

A mixture of 40 c.c. of 10% aqueous potassium hydroxide, 
2 g. of the quinone, and 100 c.c. of 10% potassium permanganate 
solution was boiled for 2 hours, and the excess of permanganate 
destroyed by alcohol; from the colourless acidified filtrate ether 
extracted 0*8 g. of impure phthalie acid (identified in the form 
of the anhydride, from which fluorescein was prepared). 

Conversion into quinizarin . (1) By sulphuric acid. A solution 

(reddish-purple) of 0*86 g. of 10-chloro-l-hydroxy-4:9-anthra- 
quinone in 20 c.c. of concentrated sulphuric acid was heated on a 
boiling water-bath for 1 hour and then poured into water, the 
suspension boiled, and the light red precipitate (0*79 g., theoretical) 
collected and dried (Found : C, 69*8; H, 3*3. Calc.; C, 70*0; 
H, 3*3%). It melted at 197° alone and when mixed with pure 
quinizarin, and whe*n aeetylated in pyridine gave a diacetyl 
derivative in prisms, m. p. 206—208°. 

(2) By acetic acid. A mixture of 0*9 g. of the quinone and 2 c.c. 
of acetic acid was heated, with or without 0*3 g. of freshly-fused 
potassium acetate, in a sealed tube for 3 hours at 180°. The 
product, on reerystallisatioh from 20 c.c. of boiling acetic acid 
(bone charcoal), gave 0*3—0*4 g. of red needles which, alone or 
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mixed with pure quinizarin, melted at 197° (Found: C, 69*8; 
H, 34%). 

(3) By methyl alcohol , When 0*85 g. of the quinone was heated 
in a sealed tube at 200° for 2 hours with 2 c.c. of absolute methyl 
alcohol, and the product recrystallised from methyl alcohol (bone 
charcoal), 04g. of quinizarin, m. p. 196—197°, was obtained (Found : 
C, 70*0; H, 34%). 

(4) By ethyl alcohol . When the experiment was repeated with 
absolute ethyl alcohol, 0*3 g. of quinizarin was obtained (Found : 
C, 69*7; H, 3*3%). 

(5) By sodium or potassium hydroxide . A paste of the quinone (3 g.) 
and an excess of concentrated aqueous sodium or potassium hydr¬ 
oxide was boiled with water for 5 minutes and stirred into an excess of 
boiling dilute hydrochloric acid. The reddish-brown solid (2*5 g.) 
produced crystallised from acetic acid in red needles of quinizarin, 
m. p. 195—197° (alone and mixed) (Found : C, 69*7; H, 3*3%), 
which was converted into its diacetyl derivative, m. p. 206—208°. 

Acetylation. (1) Acetic anhydride alone. 10-Chloro-1 -hydroxy- 

4: 9-anthraquinone (4 g.) was boiled with 40 c.c. of acetic anhydride 
until fumes of hydrogen chloride (due to decomposition, by 
atmospheric moisture at the top of the condenser, of acetyl 
chloride produced in the reaction) were no longer observed (4 hours). 
The original dark red colour became dark green, and from the 
filtered, cooled solution small, olive-green crystals (4*2 g.), m. p. 
204°, separated. These were repeatedly crystallised from acetic 
anhydride (bone charcoal) and finally twice from pyridine; the 
characteristic yellow prisms of diacetylquinizarin were then obtained 
which, alone or mixed with an authentic specimen, melted at 
207—208°. A quantitative experiment showed that the substance 
did not contain chlorine [Found : C, 66*7; H, 3*6; GH 3 *CO, 26*7; 
if, in freezing naphthalene, 310, 315. Calc, for C 14 H 6 0 4 (C0-CH 3 ) 2 : 
C, 66*7; H, 3*7; CH 3 *CO, 26*7% ; M , 324]. 

Hydrolysis of this acetyl derivative by an alcoholic solution 
of sulphuric acid yielded quinizarin, m. p. 198° (Found: C, 69*9; 
H,3*3%). 

(2) Acetic anhydride and sulphuric acid . When 2*2 g. of 10-chloro- 
1-hydroxy-4:9-anthraquinone were heated to boiling with 10 c.c. 
of acetic anhydride contai n in g 2 drops of concentrated sulphuric 
acid, the red solution rapidly became yellow-green. The filtered 
solution slowly deposited 1 *4 g. of very fine, pale yellow rods identical 
with those obtained by acetylating quinizarin under similar con¬ 
ditions (see under). The product of one recrystallisation from 
feeetie anhy(hdde containing sulphuric acid changed colour from 
light orange at about 120° and melted at 200—201° 
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(Found : C, 66*5; H, 3*8; CH s *CO, 26*6%). This diacetyl deriv¬ 
ative separated from pyridine in small, yellow prisms, m. p. 207— 
208°. 

Numerous experiments were carried out with a view to aeetyl- 
ating the single hydroxyl group. The chloro-compound was heated 
with acetyl chloride and potassium acetate under ordinary pressure, 
in benzene solution, and in sealed tubes at 90—100°. The pro¬ 
ducts, however, were mixtures containing in some cases as little 
as 4% of chlorine. Attempted acetylations in pyridine with one 
molecular proportion of acetic anhydride yielded black amorphous 
products which would not crystallise and in which the chlorine 
content also varied. 

Methylation of 19-chloro-l-hydroxyA : 9-anthraquinone. Since 
methylation in alkaline media was impossible, diazomethane was 
used. In every experiment chlorine was lost (4% in one experi¬ 
ment), and the products were not uniform. Nevertheless analyses 
clearly indicated the presence of one hydroxyl group. 

In a typical experiment a suspension of 1 *0 g. of the finely powdered 
dry compound in 30 c.c. of absolute ether at 5° was treated with 
an excess of diazomethane (from 2 g. of nitrosomethylurethane 
and 6 c.e. of 70% aqueous potassium hydroxide) in 60 c.c. of dry 
ether during \ hour. Stirring was continued for 3 hours, and the 
red product (1 g.) collected after 12 hours. After darkening at 
about 190°, it melted to a black paste between 270° and 280° 
(Found: d, 12*1; OMe, 11*1. C 14 H 6 0 2 *0Me requires Cl, 13*0; 

OMe, 11*4%). 

Condensations with amines. (1) A nilino-derivative, 

c 14 h 7 o 3 -nh-c 6 h 5 . 

A solution of 1*5 g. of 10-chloro-1-hydroxy-4: 9-anthraquinone 
in 8 c.c. of freshly distilled aniline was boiled for 5 minutes, the 
red colour changing to brown. The hot solution was stirred into 
an excess of dilute hydrochloric acid and boiled. The black pre¬ 
cipitate was filtered off hot, washed free from acid and dried (1*9 g.). 
It separated from tetrachloroethane in black, microscopic crystals 
after the addition of a little ether. The product, which contained 
no chlorine, formed a paste at 272—274° and decomposed at 290°. 
It dissolved in concentrated sulphuric acid with a deep amethyst 
colour and in boiling sodium hydroxide to a very pale purple 
solution (Found : N, 4*3. CgoH^OgN requires N, 4*4%). 

(2) Dianilino-derivative , C U H 6 0 2 (NH-C 6 H 5 ) 2 . A mixture of 1 g. 
of the chloro-compound, 0*5 g. of boric acid (dried at 120° for 
4 hours), and 10 c.c. of freshly-distilled aniline was boiled for 
6 hours, the purple colour becoming dark brown. It was stirred 
while hot into an excess of dilute hydrochloric acid, and the pre- 
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cipitate treated as in the previous experiment. The product 
consisted of black crystals (1*6 g.) which did not melt below 310°. 
It gave a golden-brown solution in concentrated sulphuric acid, 
but was insoluble in hot aqueous caustic soda (Found: N, 7*2. 
®26®18® gNg requires N, 7*2%)* 

The dianilino-derivative from quinizarin, prepared similarly, 
formed blue-black crystals from tetrachloroethane. These dis¬ 
solved in sulphuric acid to a blue-black solution and were insoluble 
in boiling caustic soda solution (Found: N, 7*1%). 

(3) Mano-^-toluidino-derivative, C 14 H 7 0 3 *NH , C 6 H 4 Me. This was 
prepared in a similar manner to the monoanilino-derivative. The 
product, which was free from chlorine (Carius), crystallised from 
acetic acid in microscopic, very dark brown needles which softened 
at 280° and showed no further change up to 310°. Its solution 
in sulphuric acid was amethyst and in caustic soda light purple 
(Found : N, 4*1. C 21 H 15 0 3 N requires N, 4*3%). 

The mono -p -toluidino-derivative * from quinizarin melted at 
190—192°, and dissolved in concentrated sulphuric acid with a 
brilliant green colour (Found : N, 4*2%). 

(4) DUys-toluidino-derivative, C 14 H 6 0 2 (NH*C 6 H 4 Me) 2 . This was 

prepared similarly to (2) above, and crystallised from alcohol in 
bluish-black, microscopic needles which decomposed at 305° with 
previous sintering. The solution in sulphuric acid was dark honey- 
coloured (Found : N, 6*7. requires N, 6*7%). 

The isomeric compound prepared from quinizarin gave a blue- 
black solution in concentrated sulphuric acid (Found : N, 6*8%). 

IQ-Ethoxy-l-hydroxyA : 9-anthraquinone .—10-ChIoro-l-hydroxy- 
4 :9-anthraquinone (2*5 g.) was boiled with absolute ethyl alcohol 
(200 g.) containing 3% of dry hydrogen chloride for 3£ hours, the 
red solution becoming dark green and fluorescent. From the 
filtered, concentrated, cooled solution clusters of reddish-brown 
needles separated (2*1 g.), m. p. 135°, after recrystallisation from 
ethyl alcohol (Found : C, 71*3; H, 4*3 ; OEt, 16*3. C 14 H 7 0 3 -OEt 
requires C, 71*6; H, 4*5; OEt, 16*9%). 

This ether was very soluble in cold benzene and less soluble in 
cold ethyl alcohol. In concentrated sulphuric acid, its solution 
was similar to that given by quinizarin. When this solution was 
heated at 100° for 1 hour and then stirred into water, quinizarin 
(m. p. 195—197°) was obtained in quantitative yield (Found: 
C, 76*0; H, 3*4%). 

1 - CMoroA-acetozyanthraqu inone .—Commercial 1 -chloro-4-hydr- 

oxyanthraquinone | was boiled with an excess of acetic anhydride 

* Kindly presented by the British Alizarine Co., Ltd., Manchester. 

) ' t Kindly presented by the Scottish Dyes, Ltd., Carlisle. 
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and a few drops of pyridine for l hour. Tlie crude acetyl deriv¬ 
ative was repeatedly crystallised from pyridine containing a little 
anhydride, until the melting point remained constant at 176—177°, 
the pure l-chloro-4:-acetoxya7ithraquinone forming fine, pale prim¬ 
rose needles (Found: Cl, 11-8; CH 3 *CO, 14-4. C 14 H 6 0 3 C1*C0-CH 3 
requires Cl, 11*8; CH 3 *CO, 14*3%). 

1 - ChloroA-hydroxyaiithraquinone .—The pure acetyl derivative 
(2 g.) was hydrolysed by boiling for 2 hours with 140 c.c. of absolute 
alcohol containing 3 c.c. of concentrated sulphuric acid. On cool¬ 
ing, the hydroxy-compound separated in golden-yellow needles, 
m. p. 192—193°, unchanged by further recrystallisation (Found : 
Cl, 13*8. Calc, for C 14 H 7 0 3 C1: Cl, 13*7%). The alcoholic solution 
of l-chloro-4-hydroxyanthraquinone gave a pale red colour with 
ferric chloride. 

Treatment of l-ChloroA-hydroxyanthraquinone with Sulphuric 
Acid. —A solution of 3 g. in 50 c.c. of concentrated sulphuric acid 
was heated at 100° for 1 hour. The hot liquid was then stirred 
into 200 c.c. of cold water, the mixture boiled for 10 minutes, and 
the yellow product filtered off, washed with boiling water until 
acid-free, and dried at 100° (2*8 g.). The substance melted at 
192°, alone and when mixed with an authentic specimen of 1-chloro- 
4-hydroxyanthraquinone (Found: Cl, 13*7%). 

j Diacetylquinizarin. —Liebermann and Giesel (Ber., 1875, 8, 1648) 
describe diacetylquinizarin as ce gelbe Saulchen ” melting at 200°. 

Quinizarin supplied by the British Dyestuffs Corporation, Ltd., 
was acetylated by boiling for 15 minutes with acetic anhydride 
containing a few drops of concentrated sulphuric acid. The pro¬ 
duct on purification was obtained in two polymorphic forms : 

Form A. (1) Small, twinned, six-sided, yellow prisms from 
quickly chilled solutions in hot pyridine [Found : C, 66*6; H, 3*7 ; 
CH 3 *CO, 26*8; M 3 cryoscopic in naphthalene, 325. 

C 14 H 6 0 4 (C0-CH 3 ) 2 

requires C, 66*7; H, 3*7; CH 3 *CO, 26*7%; Jf, 324]: (2) Long, 
flat, six-sided, yellow plates by recrystallisation from acetic an¬ 
hydride alone (Found : C, 66*4; H, 3*6; GH 3 *CO, 26*6%; M , 
330). (3) Very thin, pale yellow needles from alcohol (Found : 

C, 66*7; H, 3*6; CH 3 *CO, 26*9%; M, 26*9). AH three forms 
melted at 207—208°. 

Form B. Sheaves of yellow needles or fine rods, which became 
light orange at about 120° and melted at 200—201° (Found : 
C, 66*6; H, 3*6; CH 3 *CO, 26*2%; AT, 320). This form was con¬ 
verted into A by recrystallisation from pyridine, acetic anhydride, 
or alcohol, and hot solutions of A in acetic anhydride containing 
a few drops of sulphuric acid always deposited crystals of B only. 

3 c* 
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Solubility Determinations .—The two forms of the diacetyl deriv¬ 
ative have identical solubilities in benzene and in chloroform at 
25°. This may be accounted for by the long time required for 
saturation. Benzene, for example, was still unsaturated with 
respect to A after 15 hours’ shaking at 25°. 

In Table I the figures represent g. of solute per 100 g. of solution. 


Table I. 



Benzene. 




Chloroform. 


stance. 20 hrs. 

30 hrs. 

55 hrs. 

Mean. 

40 hrs. 55 hrs. 

65 hrs. 

Mean. 

A X 0-693 

0-699 

0-694 

0-70 

5-01 

5-05 

5-01 

5*0 

A 2 0-698 

■ — 

0-699 

0-70 

— — 

5-00 

— 

5*0 

A 3 0-698 

' — 

0-697 

0-70 

— 

— 

— 

— 

B 0-694 

0*700 

0-699 

0-70 

— 

5-03 

5-03 

5*0 

A 4 - B — 

- — 

0*701 

0-70 

— 

— 

— 

— 


Benzene was freed from thiophen, washed, dried over calcium 
chloride, fractionated, and distilled from sodium before use. A 
uniform sample was used throughout. 

“ Pure ” chloroform was washed with alkali, acid, and water, 
dried over calcium chloride, and twice distilled, and a constant 
boiling fraction was used. 

The sealed solubility tubes were attached to a large paddle 
stirrer, which was rotated continuously in an electrically heated 
thermostat (25° 4: 0*025°). Samples were taken, after settling, in 
50 c.c. pipettes fitted with short removable glass tubes plugged 
with cotton wool. . 

The weighing bottles were dried to constant weight at 90°. 
Constant weighings (± 0*0002 g.) were obtained by allowing the 
bottles, when removed from the oven, to stand in a desiccator 
over sulphuric acid for precisely 30 minutes, and by taking the 
final readings after the bottles had been on the balance for 2 minutes. 

Cryoscopic Measurements .—In applying the test suggested by 
Sidgwick (J., 1915, 107 , 672) for distinguishing between poly¬ 
morphic, isomeric and tautomeric substances, solvents with low 
freezing points such as benzene and nitrobenzene could not be 
used, owing to the small solubilities of the acetyl derivatives in 
them and also to the long time required for saturation. Naph¬ 
thalene was used and saturated solutions were, obtained in a few 
minutes at a degree or two above its freezing point. Table II 
shows the results of these experiments. 


Substance. 

A 1 alone .. 

f'i After addition of B 
54 B alone ................. 

if Af^ addition of A' 1 


Table II. 

Weight of solvent (g,). Maximum depression. 

7*785 1*95° 

*. „ I*90 

7*780 1*95 

1*92 
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The determinations were carried out in a small Beckmann appar¬ 
atus fitted with a thermometer graduated in tenths of a degree. 
This could be read to the nearest fortieth of a degree with ease. 

The author wishes to thank the Research Fund Committee of 
the Chemical Society for defraying a portion of the expense of this 
research. 

The Edward Davies Laboratories, University College of Wales, 
Aberystwyth. [Received, February Uh, 1926.] 


CLXXXVII .—The Heat of Combustion of Salicylic Acid . 
(A Reply to E. Berner.) 

By Pieter Eduard Verkade and Jan Coops. 

During the last few years investigations on thermochemical 
standard substances, carried out in various places, have led to the 
adoption of benzoic acid, by international consent, as the exclusive 
standard substance to be used in determinations of heats of com¬ 
bustion. The value 6324 cal. 15 . per g. (air) (v = constant), i.e., 
6319 cal. 15 . per g. (vac.), has been accepted for the heat of com¬ 
bustion of this substance. At the same time, it was decided that, 
for scientific work, use should always be made of benzoic acid 
furnished for this purpose by the Bureau of Standards, Washington 
(Compt . rend . de la troisieme Conference Internationale de la Chimie , 
Lyons, 1922, p. 54; compare Verkade, Chem. Weekblad, 1922, 19, 
389; 1924,21, 13). 

For some time we have tried to make it clear that this regulation 
is not quite sufficient. The heat capacity of a calorimetric system, 
found exclusively by means of this benzoic acid, is always some¬ 
what uncertain; accidental errors, caused by contamination of 
the standard preparation, during packing or in the course of time, 
can be brought to light only with difficulty, if at all. We therefore 
emphasised strongly the desirability of introducing one or more 
further thermochemical standard substances (which, if so desired, 
could be considered as secondary standards) and, on the grounds 
of an extensive research, recommended salicylic acid for this purpose 
(Verkade and Coops, Bee. trav, chim., 1924, 43, 561). 

The heats of combustion of various samples of salicylic acid were 
determined with the following results, valid for an isothermal 
reaction at 19-5°, at constant volume and on the assumption that 
the above-mentioned heat of combustion of benzoic acid holds 
for the same temperature (compare Verkade, Bee. trav. chim., 1925, 
44,799). 
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VEBKADE AND COOPS : 


Heat of combustion 


Sample. per g. (air). 

Poulenc (“ Standard pour calorimetrie 5? ) . 5241*4 cal. 2 5 ° 

Merck (“ Praparat von bestimmter Verbrennungs- 

warme ”) . 5241*7 ,, 

Merck (crystallised from ether) . 5241*3 „ 

Von Heyden (“ Acid. Salicylicum recrystallis. puriss.”)... 5242*8 ,, 

Kahlbaum (“ fur kalorimetrische Bestimmungen ”) . 5242*6 „ 

Commercial (“Acid. Salicyl. praee. pulv. 55 ) (crystallised 
twice from water and once from chloroform) . 5242*3 ,, 


Thus a number of the purest samples obtainable commercially, 
most of them supplied especially for calorimetric purposes, furnished 
values for the heat of combustion which agreed within the error 
of observation. The heat of combustion of one of these samples 
remained unchanged when the substance was recrystallised from 
ether. A technical preparation taken from the Dutch market 
gave the same heat of combustion after purification. On the 
basis of these facts, we considered ourselves completely justified 
in regarding the mean of all our measurements as the heat of com¬ 
bustion of 'pure salicylic acid. This heat of combustion is 5241*9 
cal. 15 . per g. (air) (v = constant; 19-5°), i.e 5238*3 cal. 15 . per g. 
(vac.). The ratio of the heats of combustion of benzoic acid and 
salicylic acid is then 6324/5241*9 = 1*2064 (air). 

Our work has recently been criticised by Berner (J., 1925, 127, 
2747). Let it be said that this author shares our views regarding 
the desirability of introducing a second or secondary thermo- 
chemical standard substance and admits the particular suitability 
of salicylic acid for this purpose. However, we are said not to 
have taken the necessary care to ensure the greatest possible 
purity of our samples of salicylic acid and, on that account, to 
have found too high a heat of combustion; according to Berner, 
the heat of combustion of salicylic acid is only 5237*4 cal. 15 . per g. 
(air) (v constant; about 18°), i.e., 5233*8 eal. 15 . per g. (vac.). 
The ratio of the heats of combustion of benzoic and salicylic acids 
should then be 6324/5237*4 = 1*2075 (air). 

Berner seems to have overlooked the fact that the heat of com¬ 
bustion found by us was already confirmed from two sides : 

1. Roth burnt salicylic acid in the micro-bomb and micro¬ 
calorimeter which he has constructed and found 5241*5 cal. 15 « 
per g. (air) for the heat of combustion, which deviates from our 
value by only — 0*08 part per 1000 parts {Z. EleJctrochem *, 1924, 
30, 607). Also, Roth has investigated salicylic acid in a bomb 
of normal dimensions and the well-known calorimetric apparatus 
of Stohmann-Hugershoff ( Naturwiss 1924, 12, 652); it is, how¬ 
ever, simply stated there that the heat of combustion found agreed 
^exactly with ours. We have learned some details from a private 
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communication, which, by kind permission of Prof. Both, we 
are able to publish. Various samples of salicylic acid from von 
Heyden gave concordant heats of combustion; an arbitrarily 
chosen commercial sample was purified by crystallisation from 
alcohol and after careful drying gave the same heat of combustion, 
which did not alter when the sample was recrystallised from alcohol 
and from water. The mean value of all these measurements was 
5241*3 cal. 15 . per g. (air) (v = constant; 18*3°); the deviation 
from our value amounted therefore to only — 0-11 part per 1000 
parts. 

2. Swientoslawski (Bull, Soc. chim., 1925, 37, 84) found 5242*4 
eal. 15 . per g. (air) for the heat of combustion of a commercial 
sample of salicylic acid, which was crystallised several times from 
water. This value deviates from ours only by about + 0*10 part 
per 1000 parts. Details of these measurements were not published. 

These facts made it a priori scarcely possible for us to believe 
in the accuracy of Berner’s results. It was improbable that the 
numerous preparations used by Verkade and Coops, by Both, 
and by Swientoslawski—notwithstanding their different origins 
and different modes of purification—should all show a large surplus 
of exactly the same magnitude in the heat of combustion. 

Nevertheless, we considered that our work ought to be con¬ 
trolled. In the first place, we again burnt one of the preparations 
which we had used previously (namely, that of Merck), making 
use of another bomb and of a calorimetric apparatus of considerably 
greater heat-capacity than that used previously. Secondly, we 
carefully subjected the previously used sample from von Heyden 
to various purification processes and measured the heat of com¬ 
bustion after each purification in the same apparatus. The results 
of these measurements are in the following table. 


Heat of combustion 
per g. (air). 

Material. (v=eonstant; 19*5°). 

Merck......... 5242*3 

Von Heyden (crystallised twice from water, once from 

chloroform) ...... 5241*4 

Von Heyden (further crystallised from ether)... 5241*5 

,, (further crystallised from benzene) . 5241*9 


Thus we see that continued purification of von Heyden’s salicylic 
acid brings about no change in the heat of combustion. The 
mean value of our 15 experiments with this acid in its various 
stages of purification is 5241*7 cal. 15 . per g. (air) (v — constant; 
19*5°). This new value for the heat of combustion of salicylic 
acid deviates from the one we found previously by only — 0*04 
part per 1000 parts. For the ratio of the heats of combustion 
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VERKADE AND COOPS .* 


of benzoic and salicylic acids we now obtain the value 6324/5241*7 = 
1*2065 (air), which is practically identical with that found previously. 
We have no reason to doubt the correctness of this value, as the 
ratios of the heats of combustion of benzoic acid and naphthalene, 
and of benzoic acid and cane-sugar, obtained by us at about the 
same time (Verkade, Coops, and Hartman, Bee. trav. chim ., 1922, 
41, 241; Verkade and Coops, ibid., 1923, 42, 205) are in full agree¬ 
ment with those obtained recently in very careful work by other 
authors (Dickinson, Bull. Bureau of Standards , 1914, 11, 243; 
Swientoslawski and Starczewska, Bull. Soc. chim., 1922, (4), 31, 
654; Schlapfer and Eioroni, Helv. Chim. Acta , 1923, 6, 713), and 
at present generally accepted. 

Hence we reach the conclusion that Berner found a value for 
the heat of combustion of salicylic acid which is too low, and that 
his results are subject to an error of about 0*8 part per 1000 parts. 
We are not able to indicate the cause of this error. At our request, 
Mr. Berner had the kindness to provide us with small quantities 
of two samples of salicylic acid which he had used in his research. 
These were the samples designated by Berner as 571H (Merck’s 
acid, crystallised twice from water and once from chloroform) 
and 572IV (Kahlbaum D.A.B.5, subjected to sublimation in a 
vacuum and to several crystallisations from water, chloroform, 
and benzene). These samples yielded in our hands values for the 
heats of combustion of 5241*6 and 5241*9 cal.^o per g. (air), respec¬ 
tively. These values are practically identical with those obtained 
by us for our own specimens. Berner as well as ourselves used 
benzoic acid from the Bureau of Standards, Washington (Standard 
Sample 396) in the calibration of the calorimetric apparatus. 

As far as we know, Berner has not burnt standard samples of 
naphthalene and cane-sugar in his apparatus. The possibility 
therefore exists that, on burning these substances, this author may 
find, for the ratios mentioned above, values different from those 
now generally accepted as correct. In this case, the low heat 
of combustion of salicylic acid found by this author would be 
due to a slight error in the determination of the heat capacity 
of his apparatus. 

Experimental. 

The following alterations have been made in the calorimetric 
apparatus used for our previous measurements of the heat of 
combustion of salicylic acid (Verkade and Coops, loc. cit.) and 
described in detail, in our first communication on heats of com> 
of organic compounds (Verkade, Coops, and Hartman, 
Um. ekim., 1922, 41, 241). 
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We now used a silver calorimeter can of greater capacity than 
that used formerly, so that the quantity of water could be increased 
to about 2600 g., as well as a bomb of rustless V 2 A steel, supplied 
by the firm of Hugershoff, Leipzig, and especially suited, in our 
experience, for work of high precision. 

For the method of carrying out the measurements reference 
may be made to the literature cited above. 

Heat Capacity of the Calorimetric Apparatus. —This was deter¬ 
mined by burning three samples of benzoic acid, namely, two 
standard preparations (Standard Samples 39a and 396) from the 
Bureau of Standards, Washington, and one prepared by ourselves, 
which had already served for earlier work. At an oxygen pressure 
of 35 atms. the heat capacity was 3051-2 cal. I5 - at a temperature 
of 19-5°. It seems unnecessary for us to give full details of our 
measurements, but we give a statement of results : 


Sample. 

Heat capacity. 

Sample. 

Heat capacity. 

39a 

30500 

396 

3050*0 

99 

3049*0 

>* 

3051*4 

99 

3051*4 

?> 

3051*8 

9 9 

3051*6 


3052*4 

99 

3051*3 

Rotterdam 

3050*9 

99 

3050*2 

99 

3052*3 

99 

3051*2 

99 

3051*8 

3052*5 


For some observations regarding the heat capacity found in 
this way (i.e., by the combustion of a standard substance), reference 
may be made to a paper by one of us (Verkade, Bee. trav. chim ., 
1925,44,799). 

We were able to verify this heat capacity repeatedly by indirect 
methods, namely, by burning substances which we had already 
burnt before introducing the above-mentioned alterations in the 
calorimetric apparatus. Completely concordant results were 
obtained in both cases. Also (e.g,, in the case of n- butyl alcohol), 
we could obtain with our new apparatus complete concordance 
with the extremely accurate thermochemical work of Richards 
(compare Verkade and Coops, Bee. trav. chim., 1926, in course of 
publication). 

Salicylic Acid Preparations. —Von Hey den’s Ci Acidum Salicylieum 
recrystallis. puriss 55 (used in our previous measurements) was crystal¬ 
lised twice from water. After drying in the air, it was very finely 
powdered and warmed to about 100° for 4 hours; during the heating 
it was again finely powdered several times. We have shown 
already {Bee. trav. chim., 1924, 43, 575) that salicylic acid can be 
heated for 20 hours at about 115° without undergoing even the 
slightest decomposition. This heating is necessary, since it has 
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been shown recently (e.g., Cohen, Verkade, Sabnro Miyake, Coops, 
and van der Hoeve, Versl. Kon. Alcad. Wetensch. Amsterdam , 
1926, 35, 48) that on crystallisation from water, salicylic acid 
may occlude several parts of water per thousand, which is not 
removed even by very long drying in a vacuum over phosphorus 
pentoxide. However, this occluded water can be removed for the 
most part in the way described above, as was proved by deter¬ 
minations of the heat of combustion carried out expressly for this 
purpose. The sample obtained in this way was then recrystallised 
from dry chloroform (sample II); the last traces of water in the 
crystals were removed by distilling off a part of the solvent from 
the boiling solution, the water then passing over with the solvent. 
After a part of this sample had been burnt, the remainder was 
crystallised from dry ether (sample III) and finally from dry benzene 
(sample IV). All three samples were finely powdered and dried 
for several days in a vacuum over phosphorus pentoxide. 

Merck's salicylic acid (“ Praparat von bestimmter Verbrennungs- 
warme) and Berner's samples 57ill and 572IV were finely 
powdered and dried in the same way without other treatment. 

Heal of Combustion of the Salicylic Acid Preparations. —On 
account of a small difference in the composition of the products 
of combustion of benzoic and salicylic acids, a correction of +0*1 
eal. 16 « must be introduced in the above-mentioned heat capacity 
in combustions of the latter acid (compare Bee. trav. chim 1924. 
43, 566). We shall give no details of the measurements. We 
found the following values for the heat of combustion of salicylic 
acid per g. (air) (v = constant; 19*5°). 

Sample. Heat of combustion. 

Merck 5242-4, 5242-7, 5240-7, 5242-4, 5243-2 

II 6241-5, 5241-8, 5242-2, 5240-0, 5241-6 

III 5242-5, 5242-5, 5240-4, 5241-5, 5240-8 

IV 5242-6, 5240-8, 5241-6, 5241-7, 5242-9 

571 II 5241-6, 5241-5, 5241-7 

572 IV 5241-2, 5240-1, 5244-5 

Summary. 

Our previous determinations of the heat of combustion of salicylic 
acid have been submitted to a control. The heat of combustion 
of this compound was found to be 5241-7 cal. 15 . per g. (air) (v = 
constant; 19-5°), a value practically identical with that found 
previously. Hence the heat of combustion found by Berner, 
namely, 5237-4 cal. M . per g. (air) (v = constant; about 18°), is 
too low. ■' 

investigation was carried out with the aid of a grant from 


Mean. 

5242*3 

5241*4 

5241*5 

5241*9 

5241*6 

5241*9 
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the Ci Hoogewerff Fonds ” and we take this opportunity of expressing 
our thanks to the Advisory Board of this Fund for the support 
we have received. 

Laboratorium der Nederlandsche Randels-Hoogeschool, 

Rotterdam. [ Received , February 21th, 1926.] 


CLXXXVIII.— As-CMorotetrahydroarsinoline and Some 
Quaternary Arsonium Compounds. 

By Elwyn Roberts, Eustace Ebenezer Turner, and (in part) 
Frank Ward Bury. 

A.9-Methyltetrahydroarsinoline (Burrows and Turner, J., 1921, 
119, 426) readily forms a dichloride, which, when heated, is smoothly 
decomposed to give As - chlorotetrahi/d roars inoline , the first simple 
cyclic chloroarsine of this series to be prepared. 

Attempts to prepare arsinolines and arsindoles (or the correspond¬ 
ing intermediate compounds) are described in this paper. 

The alternation in the physical properties of a series of benzene 
derivatives having normal side-chains is a subject of considerable 
interest. The following table shows that there is a marked altern¬ 
ation in the melting points of the first five members of the series of 
methiodides of the general formula Ph- [CH^*AsMe 3 I. 

Ph'AsMe 3 I. 252° Ph*[CHo] 3 -AsMe 3 I. 144° 

Ph*CH 2 *AsMe 3 I. 194—195 Ph*[CHa] 4 *AsMe 3 I . 150—151 

Ph*[CH 2 ] 2 ’AsMe 3 I. 203—204* 

* Previously given (Turner and Bury, J., 1923, 123, 2489) as 200°. 

There is also a marked difference in the ease with which the 
five arsines of the type Ph-[CH 2 ]s*AsMe 2 are prepared by the 
interaction of the appropriate Grignard reagent and dimethyl- 
iodoarsine. The respective percentage yields of phenyl-, phenyl- 
propyl-, phenylbutyl-, phenylethyl-, and benzyl-dimethylarsine 
were 80, 65, 45, 45 (97*), and 20. We regard a low yield as being 
due to a high tendency, on the part of the arsine, to undergo 
oxidation, and conversely; we have, however, not conducted quan¬ 
titative measurements on the subject. # 

[With F. W. Bury.] In view of the success achieved by Rosen¬ 
heim and Plato (Ber., 1925, 58, 2000) and by Mills and Raper (J., 
1925,127,2479), experiments on the resolution of arsenic compounds 
in progress in this laboratory have been discontinued. Two 
asymmetric types were under examination; it has been found 

* Preparation carried out in an inert atmosphere (Turner and Bury, 
loc . cit.). 
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impossible to resolve cyclohexylphenylbenzylmethylarsonium d-a- 
bromocamphor-Tz-sulphonate and the phenylbenzylarsinates of strych¬ 
nine and l-menthylamine. One or two compounds prepared inci¬ 
dentally are, however, now described. 

Experimental. 

y-Phenylpropyldimethylarsine. —The dimethyliodoarsine required 
for this preparation (Burrows and Turner, loc . cit.) is most con¬ 
veniently obtained by passing sulphur dioxide into a solution con¬ 
taining 225 g. of cacodylic acid, 450 g. of potassium iodide, 150 g. of 
concentrated sulphuric acid, and 1850 c.c. of water. y-Phenylr 
propyMimeihylethylarsonium iodide is formed fairly readily from the 
arsine and methyl iodide, and separates from alcohol-ether in 
colourless leaflets, m. p. 118° (Found : I, 33*3. C 13 H 22 IAs requires 
1,334%). 

y-Phenvlpropylmethylchloroarsine was heated at 200° in a 
current of dry carbon dioxide, but although it underwent consider¬ 
able apparent change, no hydrogen chloride was evolved. This is 
in interesting contrast to the ease with which o-phenoxyphenyl- 
dichloroarsine passes into 10-chlorophenoxarsine (Roberts and 
Turner, J., 1925,127, 2004). 

Derivatives of As-Methyltetrahydroarsindole .—The methiodide 
melts at 239—240°, not at 235°, as previously recorded. The 
ethiodide is less readily formed than the methiodide, and separates 
from ether-alcohol in colourless prisms, m. p. 185—186° (Found : 
I, 34-8. C 12 H 18 IAs requires I, 34*9%). The benzobromide is formed 
as a glassy mass when the components are warmed together, and is 
difficult to purify. It crystallises from ether-alcohol in colourless 
prisms, m. p. 210—211° (Found : Br, 19*9. C 17 BL> 0 BrAs requires 
Br, 2T1%). 

When the arsinoline was treated with 1 mol. of bromine, and 
the product with alkali, no 4<$-oxide could be detected. The main 
product was y-phenylpropyl bromide. 

As - Chlorotetrahydroarsinoline . — As - Methyltetrahydroarsinoline 
(20 g.) was dissolved in carbon tetrachloride, and a current of dry 
chlorine allowed to impinge on the surface of the solution. The 
white solid dichloride separated rapidly, and when a slight excess of 
chlorine was present the mixture was rendered colourless by addition 
of a drop, of. arsinoline. The carbon tetrachloride was removed by 
distillation, and the residue distilled under diminished pressure. 
Evolution of methyl chloride was regular and rapid, and as soon 
as it was complete a preliminary fraction distilled at 120—150°/ 
] 21 mm., and then the whole of the residue at 155°/16 mm. (16 g.). 

on cooling, to give large, irregular, hexagonal 
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rhombs, m. p. 22°, and was pure As -chlorotetrahydroarsinoline 
(Found : Cl, 15-4. C 9 H 10 C1 As requires Cl, 15-5%). 

When a solution of the chloroarsine in diethylaniline was boiled 
for 5 hours, marked decomposition occurred, but no 3 : 4-dihydro- 
arsinoline was isolated from the product. A small quantity of an 
arsine was formed, since the distilled product combined or reacted 
with methyl iodide. 

Benzyldimethylarsine .—-Magnesium benzyl chloride reacted 
smoothly with one equivalent of dimethyliodoarsine. The product 
was worked up in the usual manner. The final ethereal solution 
remained clear while being dried over sodium sulphate, but, when 
filtered, became cloudy. This was due to oxidation and not to 
the presence of an additive compound with dimethyliodoarsine, 
since the ethereal solution had, in accordance with usual practice, 
been washed with alkali. The arsine was finally obtained as a 
colourless liquid, b. p. 110°/8 mm. The yield (20%) would probably 
be improved by carrying out all the operations in an inert atmo¬ 
sphere (compare Turner and Bury, loc. cit .). 

The methiodide is formed readily, and separates from alcohol in 
colourless leaflets, m. p. 195—196° (Found: I, 37*4. C 10 H 16 IAs 
requires I, 37*6%). The ethiodide , formed moderately readily, 
crystallises from alcohol-ether in colourless leaflets, m. p. 163—165° 
(Found : I, 36*3. C 11 H lg IAs requires I, 36*1%). 

%-Phenyl-n-butyldimethylarsine.— This was prepared from 
y-phenylpropyl bromide, via the corresponding nitrile (von Braun, 
Ber ., 1910, 43, 2843; Rupe, Annalen , 1912, 395, 87), S-phenyl-w- 
butyl alcohol, and S-phenyl-^-butyl bromide (von Braun, Ber., 
1911, 44, 2871). 

The bromide readily formed a Grignard reagent; this reacted 
smoothly with dimethyliodoarsine to give a product which, after 
the usual treatment, including washing with alkali, afforded the 
arsine as a colourless liquid, b. p. 150°/14 mm. (yield, 45%). 

The methiodide is very readily formed, and is sparingly soluble 
in alcohol, from which it crystallises in colourless leaflets, m. p. 
150—151° (Found : I, 33*0. C^H^IAs requires I, 33*4%). 

The ethiodide , formed moderately easily, separates from alcohol 
in leaflets, m. p. 134—135° (Found : I, 32*5. C 13 B] 24 IAs requires 
1,32*2%). 

Phenyl-$-phenylethylmethylarsine. —This substance was readily 
obtained by the interaction of magnesium g-phenylethyl bromide 
and phenylmethyliodoarsine in ethereal solution. When the 
ethereal extract of the arsine, obtained by the usual method, was 
evaporated, a considerable quantity of a gummy solid separated. 
This was removed before distilling the arsine under diminished 
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pressure. Phenyl-$-phenylethylmethylarsine is a colourless liquid 
boiling at 187°/12 mm. and 190°/15 mm., and was obtained in 
82% yield. 

The methiodide is formed readily, and crystallises from water in 
rhombohedra or prisms, m. p. 119° (Found : I, 30-5. C 16 H 20 IAs 
requires I, 30-6%). 

Action of fi-Phenylethyl Bromide on Arsenites and Arsinites .— 

(a) On sodium arsenile. A solution of arsenious oxide (0*5 mol.) 
in aqueous sodium hydroxide (3 mols.) was boiled with the bromide 
for several days, under reflux. Some bromide was recovered 
unchanged, and no arsinic acid could be detected in the product. 

(b) On sodium arsenite in presence of copper bronze. The bromide 
was stirred and heated at 140—180° for 7 hours in presence of dry 
sodium arsenite (Kahlbaum) and copper bronze. No change was 
observed, (c) On potassium methylarsiniie. An aqueous-alcoholic 
solution containing methylarsenious oxide (1 mol.), potassium 
hydroxide (2 mols.), and the bromide (1 mol.) was boiled under 
reflux for 2 days. Styrene, but no arsinic acid, was formed. 

[With F. W. Bury.] Dieyolohexylphenylarsine .—This was pre¬ 
pared by adding phenyldichloroarsine to a solution of magnesium 
cyclohex yl bromide, the reaction product being worked up in the 
usual manner. The arsine is a colourless liquid, b. p. 220°/14 mm. 
The methiodide and ethiodide are formed readily and crystallise from 
alcohol-ether in prisms, m. p. 187° (Found: I, 27*5. C 19 H 30 IAs 
requires I, 27-6%), and plates, m. p. 188—189° (Found: I, 26*6. 
C^H^IAs requires I, 26*8%), respectively. 

Tricyclokexylarsine .—When arsenious iodide was added to an 
ethereal solution of magnesium cyclohexyl chloride or bromide, only 
half of the calculated quantity reacted. The arsine was, however, 
obtained mixed with a little dicyc/ohexyl as a colourless oil, b. p. 
235°/12 mm. The methiodide was formed readily and crystallised 
from water in prisms, m. p. 153—154°. The benzobromide melts 
at 197° with slight decomposition (Found : Br, 16*2. C 25 H 40 BrAs 
requires Br, 16*2%). 


cycloHexylphenylmethylarsine. —A Grignard reagent prepared 
from 24 g. of cydohexyl chloride was treated with phenylmethyl- 
iodoarsine until the yellow colour of the latter persisted, i. e., when 
about 75% of the iodo-eompound had been added. The reaction 
product was worked up as usual, and gave 30 g. of eycloheccylphenyl- 
methylarsme as a highly refractive oil, b. p. 152—153°/12 mm., 
having ho marked tendency to oxidise. 


When the ursine was heated at 100° with one equivalent of benzyl 
bromide and a little alcohol, large, colourless crystals began to form, 
disappeared. On cooling, only a little white 
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powder separated, and crystallisation was induced by addition of 
excess of ether, cyelo Hexylphe?iylbe?izylmethylarsonium bromide 
was thus obtained; recrystallised from alcohol-ether, it formed 
rectangular plates, m. p. 193° (Found: Br, 19-0. C 20 H 26 BrAs 
requires Br, 19*0%). 

The corresponding d-a-brormcamphor^sulphonMe was prepared. 
The crude material melted at 109—113°, and crystallisation experi¬ 
ments gave unpromising results, mixtures of crystalline, amorphous, 
and gel-like material being obtained. 

Phenylbenzylarsinic Acid. —Excellent yields of this acid are 
obtained by the following method, which is more expeditious than 
that described by Bertheim (Ber., 1915, 48, 350): Crude phenyl- 
arsenious oxide (75 g.) as obtained from phenyldichloroarsine and 
sodium hydroxide was dissolved in 150 c.c. of methylated spirit. 
Sodium hydroxide (36 g.) in 52 c.c. of water was added. To the 
hot solution, 60 g. of benzyl chloride were added gradually, keeping 
the initial vigorous reaction in progress. Sodium chloride separated 
at once. The mixture was left until cold, freed from alcohol by 
distillation, acidified, and the resulting precipitate of acid washed 
with water and ether. 

Strychnine Phenylbenzylarsinate .—This salt was prepared by 
mixing hot alcoholic solutions of the base and the acid, and formed 
colourless needles (Found : N, 4*5; As, 11*4, 11*4. 

^ 21 ^ 22 ^ 2^2 >^13^13^2 ^®5 3EL>0 

requires N, 4*2; As, 11*3%). It had [a]g‘—31*2° in 50% aqueous 
acetone, and when crystallised from this solvent gave a mixture 
of free acid and strychnine salt. When hot alcoholic solutions of 
strychnine (1 mol.) and the acid (2 mols.) were mixed, the free 
acid separated first. 

l-Menihylamine Phenylbenzylarsinate. —Equivalent quantities of 
the base and acid were together dissolved in alcohol, and the solution 
was allowed to evaporate in a vacuum over sulphuric acid. The 
whole set to a mass of hairy needles. These were collected, dis¬ 
solved in benzene, and the solution treated with light petroleum; 
a crystalline precipitate was obtained, which consisted of a mixture 
of base and acid. 

One of us (F. W. B.) wishes to thank the Research Fund Com¬ 
mittee of the Society for a grant with which some of the expenses 
of the work were met. 
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CLXXXIX .—The Resin of Hevea Rubber. 

By George Stafford Whitby, Jacob Dolid, and Frederic 
Harrison Yorston. 

The circumstance that the resin of the rubber from Hevea brasili- 
ensis constitutes only a small proportion of the weight of the 
rubber (on the average, about 2*80%. Compare van Rossem, 
Koll.-Ckem. Beih., 1918, 10, 52; “ The Quality of Plantation 
Rubber/’ Imp. Inst., 1922, pp. 13, 27, 88, 95) and is of a sticky, 
semi-fluid consistency has apparently deterred investigators from 
subjecting it to chemical examination (compare, e.g Tschirch and 
Muller, Arch. Pharm., 1905, 243,141), and when the present investig¬ 
ation was begun but little was known concerning its chemical nature. 

It has now been shown that, contrary to Hinrichsen and Kind- 
scher’s statement (Z. angew. Chem., 1910, 23, 49), the resin contains 
several optically active substances (all Isevorotatory, with the 
exception of an amino-acid occurring in very small amounts only) 
and that sterol substances are present. Hillen’s failure to obtain 
sterol colour reactions (Arch. Pharm., 1913, 251, 94) was probably 
due to interference of other substances present in the crude extract. 
Cohen (Arch. Pharm 1908, 246, 520) examined the resin for lupeol, 
with negative results. Hinrichsen and Kindscher (be. cit.) found 
the resin to be largely saponifiable, and Dekker (Koll.-Chem. Beih., 
1918,10, 54), who confirmed this finding, obtained the data shown 
in the first two columns below. The figures in the third column, 
which have been added/would seem to suggest that the differences 
in the percentage of extract unsaponifiable in different forms of 
Hevea rubber are due to differences in the amount of saponifiable 
matter rather than to differences in the amount of unsaponifiable 


matter. 

Acetone % extract % unsaponifiable 
Form of rubber. extract %, unsaponifiable. in the rubber. 

Fine bard Para . 3-0 25-4 0-76 

Sheet .. 1-8 48*3 0*87 

Cr&pe . 3*2 22*0 0*705 


A sample of the resin was found by Hinrichsen and Kindscher 
(loc. cit.) to show an iodine absorption of 118%. Beadle and 
Stevens (Internal. Cong . Appd. Chem 1912, 24, 581) reported 
that the resin was partly water-soluble. The presence in it of 
nitrogenous material was mentioned by Spence and Kratz (Kol- 
loid-Z., 1914, 14, p. 268, footnote), and was confirmed by Dekker 
{ Meded . Delft, 1916, 506} by an indirect method. Dekker found 
acetone extraction to reduce the nitrogen content of two samples 
Qt Hevea crepe by 0-051 and 0*029%, respectively, and of a sample 
-sheet ’by 0*014%. 
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Working with a sufficiently large amount of the acetone extract 
of Hevea rubber, the present authors hare isolated and identified 
a sterol, a sterol ester, a sterol glucoside, d-valine, quebrachitol, 
and stearic acid and the liquids, oleic and linoleic acids. The 
amounts and ratios in which the substances occur vary in different 
rubber samples. The mixture of unsaturated, liquid fatty acids 
occurs in much larger amount than any of the other constituents. 
Titration of the acetone extract of twenty-four samples of smoked 
sheet and pale crepe rubber showed that the average total acid 
content was equivalent to 0-272 g. of potassium hydroxide per 
100 g. of rubber. Hence, if the mean molecular weight of the 
acids is taken as 280, the total acid content of average samples of 
latex j Hevea rubber is of the order of 1*4% of the weight of the 
rubber or roughly one-half of the weight of the acetone extract. 

The total amount of solid material which it was actually possible 
to crystallise from the extract was about 0*65% of the weight of 
the rubber. As the resin content of the crepe from which most 
of the resin examined was obtained was 2-71%, it may be said that 
of this about 1*9 (==1*25 + 0-65) was definitely accounted for. The 
balance of about 0*8% represented losses together with unidentified 
constituents of the liquid, uncrystallisable portion of the resin. 

The order of magnitude (%) in which the recognised constituents 
of Hevea resin occurred was estimated roughly as follows : 


Sterol ester . 

. 0 075 

Quebrachitol .... 


Sterol glucoside ..... 

. 0175 

Stearic acid . 

.. 0-15 

Sterol . 

. 0-225 

Oleic acid.. 

.}l-25 

tf-Valine . 

. 0-015 

Linoleic acid ... 


The high proportion of free fatty acid in the resin of Hevea 
rubber makes this resin unique, not only among the resins of rubbers 
of various botanical origins, but also among resins in general. 
In Hevea resin, fatty acids predominate, and hence it has a softer 
consistency, a higher saponification value, and a smaller optical 
activity than have other rubber resins, in which optically active, 
unsaponifiable, crystalline substances predominate. The resins 
obtained by extracting plants with organic solvents contain free 
fatty acids in a good many cases, but never in large proportions 
(Power and his co-workers, J., various papers). 

The question of the mode of association of the resin constituents 
with the hydrocarbon in rubber is of some interest. It is probable 
that the fatty acids occur in solution in the caoutchouc. Rubber, 
both raw and vulcanised, swells considerably when placed in oleic 
acid, linoleic acid, molten stearic acid, or the mixed liquid fatty 
acids actually isolated from Hevea rubber. Thus, for example, a 
sample of smoked sheet placed in the last-mentioned medium 
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imbibed 4*04 times its weight after 7 days. The sterol glucoside 
found in rubber is insoluble in all the usual laboratory solvents, 
including benzene. It probably occurs, not dissolved in the caout¬ 
chouc, but in solution in the fatty acids, for the authors have 
observed that it will dissolve on warming in fatty acids, except in 
the lowest members, yielding sols which often gel on cooling. 

The resin, and especially the fatty acids which it comprises, 
influence the behaviour of rubber in several important ways (com¬ 
pare Whitby, Trans. Inst. Rubber Ind., 1925, 1, 12; Whitby and 
Jane, Second Colloid Symposium Monograph , 1925, 16). 

Experimental. 

Samples of rubber were extracted with acetone in a large, heavily 
galvanised iron extractor of the Soxhlet type, 3 ft. high and 1 ft, 
in diameter. The thimble, which is large enough to hold about 
4*5 kg. of rubber, is suspended directly in the vapour of the boiling 
extractant. The condenser, which sits on a flange at the top of 
the main extraction vessel, consists of a hollow cone and head 
through which water circulates and a separate, conical coil of block 
tin round the cone. The metal of the extractor was attacked 
slightly in the course of time, zinc salts of fatty acids being found 
in the extract. 

The extracts from a number of different samples of rubber (crepe, 
smoked sheet, slab crepe) were examined. The procedure varied 
somewhat in different cases, as the proportions of the constituents 
were not identical in different batches, but in general it was as 
follows: The batch of rubber was extracted for 70 to 100 hours. 
The solution was concentrated to about 600 c.c. per kg. of rubber 
and kept for a week or so at or below 0°. The solid which separated 
(Fraction A) was removed and the solution (and washings) was 
concentrated to one-third or less of its volume and again kept 
in the cold for a week. The solid which separated (Fraction B) 
was removed and washed with a little cold acetone. The solution 
and washings were then evaporated on the water-bath to remove 
as much acetone as possible. The viscous liquid residue is called 
the Liquid Fraction. 

Fraction A. 

This fraction (47 g. of a light brown powder from 21*7 kg. of pale 
latex crepe) was separated into a chloroform-soluble sterol ester, 
a water-soluble amino-acid and quebrachitol, and an insoluble 
sterolin. 

Sterol Ester .—Chloroform extracted from fraction A about 10 g. 
sterol ester which, after recrystallisation from alcohol, had 
and [<%$* -1H°, ~ 10*8° (0*2145 and 0*2303 g. in 15 c.c. 
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of chloroform) (Found: C, 83-0; H, 12-6; iodine absorption, 
34-3. C 17 H 33 0 2 *0 27 H 45 requires C, 82*8; H, 12*4; iodine absorp¬ 
tion, 39*6%). The iodine absorption is due to unsaturation of 
the sterol part of the ester, the acid part being saturated. (The 
iodine values obtained for sterols are usually somewhat lower 
than the calculated values.) The sterol obtained by hydrolysing 
the ester with alcoholic potassium hydroxide crystallised from 
alcohol in fine, white needles, m. p. 133—134°, [oc]g* — 23*2° (0*3140 g. 
in 15 c.c. of chloroform) (Found: C, 82*8; H, 11*4. C 27 H 46 0 
requires C, 83*9; H, 11*9%) and gave the usual colour reactions 
and also certain new reactions (Whitby, Biochem. J ., 1923, 17, 5). 
The acetate crystallised from alcohol in matted crystals, m. p. 
113—114°, and gave [a]g # — 18*8° (0*1707 g. in 15 c.c. of chloro¬ 
form). The acid obtained by hydrolysis of the sterol ester melted 
at 73—75° after recrystallisation from alcohol and appeared to 
have the composition (Found: C, 74*5; H, 11*2. 

Calc.: C, 75*6; H, 12*6%. Found for the silver salt: Ag, 28*5. 
C 17 H 33 0 2 Ag requires Ag, 28*5%). 

The sterol ester isolated from slab rubber and from smoked 
sheet melted at 102° and 91—93°, respectively, but the amounts 
isolated were insufficient for careful examination. 

The Aqueous Extract .—Addition of alcohol to the concentrated 
aqueous extract of fraction A (derived from 21-7 kg. of crepe) 
precipitated 1 g. of an amino-acid; quebrachitol remained in 
solution. The two substances could also be separated by pre¬ 
cipitating the amino-acid with mercuric nitrate or by evaporating 
the aqueous extract to dryness and extracting the amino-acid with 
cold alcoholic hydrochloric acid. 

The amino-acid, m. p. about 260° (decomp.), gave (a) the ninhydrin 
reaction, (b) the pine splinter pyrrole reaction, when heated either 
alone or with zinc dust, and (c) a blue colour with phenol and 
sodium hypochlorite (Found: C, 52*2; H, 9*42; amino-N, by 
micro-van Slyke method, 11*7, 11*6. C 5 H n 0 2 N requires C, 51-3; 
H, 9*4; N, 11-9%). It had [a]g“+22*9°; '[ajf+26-5° (0*1888 g. 
in 25 c.c. of 20% HC1). For a 3% solution of d-valine in 20% 
HC1, E. Fischer ( Ber ., 1906, 39, 2325) obtained [a]Jf +28*8°. The 
total amino-nitrogen in an aqueous extract of the original rubber 
was 0*0015% (micro-van Slyke method). This corresponds to 
0*0126% of valine in the rubber or 0*46% of valine in the acetone 
extract. 

Quebrachitol was first noticed as separating in well-formed crystals 
from the acetone extract of a sample of smoked sheet which had 
stood for a long time after the separation of a first fraction. It 
had m. p. 190° and [a]^° —80*3° (0*2800 g. in 14*5 c.c. of water). 
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It was subsequently always recognised in fraction A, and in several 
cases was actually isolated from it. 

By means of Scherer’s test for inositol ( Annalen , 1852, 81, 375; 
compare Boedker, Ztg« nat. Med., 10, 162) the presence of 
quebrachitol was detected in forty-five samples of Hevea rubber 
comprising all the usual forms (latex crepe, lower grade crepes, 
smoked sheet, fine hard Para, etc.). For most of these samples 
the authors are indebted to Dr. 0. de Vries. A few grains of the 
rubber (as little as 1 g. will give a positive result), cut into small 
pieces, were boiled for 15—30 minutes with glacial acetic acid, 
which was then evaporated, finally on a water-bath. The material 
extracted from the residue by a little hot water developed a rose- 
red colour after the usual nitric acid-calcium chloride treatment. 

The isolation of quebrachitol from the latex of E. brasiliensis 
has been recorded by De Jong ( Eec . trav. chim 1906, 25, 48), 
and from rubber by Pickles and Whitfield (P., 1911, 27, 54). 

Professor R. P. D. Graham has kindly made crystallographic 
measurements on some of the crystals which separated from the 
acetone extract and on larger crystals of quebrachitol which had 
grown in a sample of evaporated latex serum which had been kept 
for 9 years. For comparison, there are given below the crystallo¬ 
graphic data obtained by Anderson with a sample of quebrachitol 
isolated by Petrie from Heterodendron olecefolium , Desf. (Proc. 
Linnean Soc. N.S. Wales, 1918, 43, 857). 

Crystallographic data for 1-inositol methyl ether (by R. P. D. 
Graham). The crystals were transparent, colourless blades, some¬ 
times attaining a length of 6 mm. or more. System : orthorhombic. 
No cleavage was observed. Forms and habit : All the crystals 
measured exhibited the forms a(100), 5(010), ra(110), and g(011). 
On several of the crystals there were in addition very small facets 
of the form (101). The crystals were elongated in the direction 
of the vertical axis, and tabular parallel to a or m. The faces 
of the orthorhombic prism, m, were heavily striated vertically, 
with a tendency to curvature; but faces of the other forms were 
smooth and yielded fair reflexions. A peculiarity of the crystals 
was that, in nearly all the cases observed, only two opposite faces 
of the prism m were developed. 


Angular measurements and axial ratios . 


Limits. 

„ bm 52° 26'-r53° 

cq 39 10 —39 

1 . ^ 47° 03' 



No. 

Mean. 

Calc. 

Anderson, 

19' 

5 

52° 

47' 


52° 

44' 

35 

6 

39 

22 


39 

26 


1 

47 

03 

47° 13' 

47 

43 


0*7595 :1 : 0*8204 

0*7609 : 1 ; 0*8224 (Anderson). 
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The Sterolin .—The residue of fraction A after removal of the 
chloroform- and water-soluble portions consisted in all cases of 
sterol glucoside. After purification through its acetate, it had 
m. p. 285—290° (decomp.) and [a]§* — 41*7° (0*2900 g. in 14-6 c.c. of 
pyridine) (Found : C, 73*0 ; H, 10*4. C, 3 H 56 0 6 requires C, 72*3; 

H, 10*2%). Its behaviour in the sterol colour reactions and in a 
new test which enables sterolins to be distinguished from sterols 
has been described elsewhere (Whitby, Biochem . J., 1923, 17, 5). 
The acetate , prepared by means of hot acetic anhydride, crystallised 
from alcohol in pearly leaflets, m. p. 165°; [a]g* — 22*4 (Found : 
C, 69*1; H, 9*0; Ac, 23*1. C33H 52 0 6 Ac 4 requires C, 68*7; H, 
8*9; Ac, 22*5%). The benzoate was prepared by treating a pyridine 
solution of the sterolin with a slight excess of benzoyl chloride, 
extracting the diluted reaction mixture with ether, and washing 
the extract with dilute sulphuric acid, dilute potassium hydroxide, 
and water in succession. The product, recrystallised from ether, 
had m. p. 198° and [>]§' + 15*7°, + 16*1° (0*3256, 0*2637 g., respec¬ 
tively, in 15 c.c. of chloroform). 

Hydrolysis of the sterolin by hydrochloric acid in amyl alcohol 
by Power and Salway’s method (J., 1913, 103, 399) gave glucose 
(osazone, m. p. 201°) and a sterol. The latter, obtained as lustrous 
plates after recrystallisation, melted at 134*5° and had [a]g*— 31*7°, 
— 32*1° (0*2793 and 0*1268 g., respectively, in 15 c.c. of chloroform) 
(Found: C, 84*3; H, 12*3. C 27 H 46 0 requires C, 83*9; H, 11*9%). 
The acetate of this sterol melted at 115° and showed [a]ff—38*6° 
(0*0634 g. in 15 c.c. of chloroform). There is little doubt that the 
sterolin is sitosterol d-glucoside (Power and Salway, loc. cit p. 1022). 

The sterol glueosides are soluble, not only in hot amyl alcohol 
and in pyridine (Power and Salway, loc. cit., p. 399), but also in 
amines (piperidine and diethylamine), fatty acids (octoic acid), 
mustard oils (phenyltbiocarbimide), and higher ethers (anisole). 
In many of such liquids the sols set to gels on cooling. 

Fraction B , 

This fraction usually consisted of a mixture of a sterol or sterols 
and one or more saturated fatty acids. Separation was’ effected 
by treating the mixture with alcoholic potassium hydroxide and 
then extracting the sterol by ether from the mixture of potassium 
salt and sterol which came out on cooling. . In certain cases, either 
the sterol or the fatty acid predominated so greatly that 
recrystallisation was sufficient to obtain it in a pure condition. 

The Sterol .—A sterol was first isolated from the acetone extract 
of a batch of 4 kg. of smoked sheet rubber, which, when concen¬ 
trated to 500 c.c. per kg. and kept in the cold, deposited 9 g. of 
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almost pure sterol as rosettes of crystals. After recrystallisation 
six times from alcohol, there was obtained a mass of matted, white 
leaflets, m. p. 125°, [a]f 5# -24*6° (0*2975 g. in 15 c.c. of chloroform) 
(Found : C, 83*8; H, 13*0. C 27 H 46 0 requires C, 83*9; H, 11-9%). 

Fischer’s method ( Ber ., 1913, 46, 4029) of preparing penta-aeyl 
derivatives of sugars is suitable for the acylation of sterols, including 
cholesterol. The benzoate: The sterol described above was treated 
in chloroform solution with a slight excess of benzoyl chloride and 
an equivalent amount of quinoline. After a short time, the solu¬ 
tion was washed successively with dilute sulphuric acid, dilute 
sodium hydroxide solution, and water, dried over calcium chloride, 
and the chloroform evaporated. The residue crystallised from 
alcohol-chloroform in lustrous plates, m. p. 144—145°; [a]ff— 20*7° 
(0*1340 g. in 14*6 c.c. of chloroform) (Found: C, 83*9; H, 9*9. 
C 27 H 45 -0*C0*C 6 H 5 requires C, 83*3; H, 10*2%). The propionate , 
prepared by a similar method, crystallised from alcohol in lustrous 
white plates, m. p. 98°; [ajff— 29*4° (0*2005 g. in 17 c.c. of chloro¬ 
form). The acetate , prepared by treating the sterol with an excess 
of acetic anhydride, w r as obtained as white plates or leaflets, m. p. 
114—115°; [a]f - 30*6° (0*3169 g. in 14*6 c.c. of chloroform). 

A sample of sterol obtained, in the case of a batch of 21*7 kg. 
of pale latex crepe, by extracting a mixture of potassium soap 
and sterol with ether was freed from potassium salt by converting 
this into the silver salt and extracting the sterol with ether. 
After several recrystallisations from ether, the sterol was obtained 
as lustrous plates, m. p. 134—135°; [ajg‘ — 21*4° (0*3278 g. in 
15 c.c. of chloroform). The benzoate had m. p. 144*5°, and [<x]ff 
— 12*5° (0*2393 g. in 15 c.c. of chloroform) (Found : C, 83*1; 
H, 10*2. requires C, 83*3; H, 10*2%). 

From the acetone extract of a sample of slab rubber, not quite 
the whole of the sterol separated when the extract was kept at 
a suitable concentration. The extract was then saponified, and 
from the unsaponifiable material ether removed a sterol, m. p. 
133—134°. 

The Fatty Acid .—The main fatty acid present in fraction B, 
previously regarded as a C 20 saturated fatty acid and named 
“heveic acid” (Whitby, Brit . Assoc. Rep., 1923, 432), has now 
been identified as stearic acid. A sample (equiv., 291) isolated from 
slab rubber melted at 65*5—66*5° after recrystallisation from 
alcohol and at 68*5° after recrystallisation from aqueous acetic acid, 
benzene, aqueous acetone, and light petroleum in succession. 
It was then mixed with further quantities of solid acid obtained 

» from crepe rubber, recrystallised until its melting point was 67*5— 
&&& converted, by treatment of the silver salt with ethyl 
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iodide in benzene, into the ethyl ester. This after purification had 
m. p. 32-5—33-5° and T4292. The acid regenerated therefrom 
had xn. p. 68—69° (alone or mixed with stearic acid), n?f 1*4332, 
1*4300 (%d* f° r stearic acid in the same apparatus, 1*4328). A sample 
of the ester prepared from the solid acid derived from another 
sample of rubber had, after distillation and reerystallisation from 
chloroform, m. p. 31*5° (Found : M , 314. Calc. : M, 312). 

Another sample of the chief solid acid was isolated from the 
acetone extract of a sample of latex crepe rubber as follows : The 
mixture of the crystallisable substances which separated on allowing 
the extract, slightly diluted with acetone, to stand for several 
months was extracted with chloroform. The residue left on removal 
of the chloroform was separated by several crystallisations from 
alcohol and ethyl acetate into (a) a sterol ester (less soluble) and 
ib) a fatty acid (more soluble). The latter after several recrystal¬ 
lisations melted at 67—69° and had an equivalent weight of 295. 
It was purified further through its barium salt and then, after 
recrystallisation from acetone, aqueous acetic acid, and chloroform, 
had m. p. 68*5—69*5° (Found : equiv. by titration, 293, 289). 

The Liquid Fraction. 

This fraction was distilled with steam, which removed the last 
traces of acetone and also mesityl oxide, evidently formed from 
the acetone during the extraction. No essential oil was present. 
After removal of the non-volatile oil with ether, the aqueous layer 
contained a small amount of nitrogenous material precipitable by 
alkaloidal reagents; phosphomolybdic acid precipitated 2*5 g. 
(from 21*7 kg. of crepe rubber) and in the case of slab crepe, the 
precipitate given by platinic chloride contained 24*0% of platinum 
and did not melt at 295°. Both precipitates gave the pyrrole test 
on ignition. 

The Liquid Fraction consisted preponderantly of unsaturated 
fatty acids, although some evidence was obtained of the presence 
of a magnesium salt. After steam distillation the fraction was 
esterified by hydrogen chloride in methyl alcohol at 0°, the ester 
mixture distilled, and the fraction, b. p. 195°/9 mm.—185°/5 mm., 
saponified. The free acid thus obtained had, after removal of a 
little crystalline material, a mean molecular weight (by titration) 
of 317 and an iodine absorption (Hiibl) of 140, 141. Hydrogenation . 
8-63 6. were treated with purified hydrogen in ether in presence 
of platinum-black carried on finely-divided barium sulphate* 
Unfortunately, some of the alkaline sodium hyposulphite solution 
over which the hydrogen was stored was sucked into the reaction 
flask, and in consequence only 619 c.c. of hydrogen were taken up 
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instead of the 1100 c.c. corresponding to the iodine value. Never¬ 
theless, pure stearic acid was isolated in such good yield and so 
easily that it may be considered certain that only C 18 unsaturated 
acids were present in the liquid submitted to hydrogenation. 
The crystals obtained after evaporation of the ether had m. p. 
68*5° after recrystallisation from ethyl acetate and 69—69-5° after 
further recrystallisation from alcohol and from chloroform (Found : 
equiv., 281, 284). A total of 3*66 g. of stearic acid was isolated 
and the final mother-liquor left on evaporation 2*34 g. of impure 
stearic acid. Oxidation. The potassium soaps from 3 g. of the 
mixed acids were oxidised in aqueous solution with 3 g. of potassium 
permanganate. That part, of the product which was soluble in 
cold ether was extracted with carbon tetrachloride. The portion 
thus extracted melted at 60° after recrystallisation, and was probably 
impure saturated acid. The portion (0-05 g.) unextracted by the 
carbon tetrachloride melted at 124—126°, had a molecular weight 
by titration of about 320, and was probably dihydroxystearic acid 
(vide infra). (A sample of dihydroxystearic acid prepared from 
Kahlbaum’s oleic acid melted at 128° after several recrystallisations.) 
That part of the product which was insoluble in cold ether amounted, 
after recrystallisation from aqueous alcohol, to 0*42 g. and melted 
at 160—170°. By extracting it with boiling water, crystals were 
obtained, m. p. 155—156°, having an equivalent weight (by titration) 
of 356 and probably representing sativic acid. Bromination. A 
sample of the mixed acids was brominated in cold ethereal solution 
by Muggenthaler’s method. No ether-insoluble bromide was 
obtained, and hence linolenic acid was absent. A small amount 
of a bromide melting, after recrystallisation from light petroleum,, 
at 112° was obtained. (Linoleie acid tetrabromide melts at 
113—114°.} 

In order to identify the liquid acids with greater certainty, the 
solvent was removed from the acetone extract of 11 kg. of latex 
crepe rubber, and the residue was boiled with water, in order to 
eliminate any mesityl oxide and to extract water-soluble con¬ 
stituents. The material was then boiled with 5% potassium 
hydroxide solution in excess of the amount equivalent to the acid 
known to be present in the rubber, and, after most of the material 
had gone into solution, the liquid was evaporated and distributed 
on pumice. This was then dried on a steam-bath and extracted 
with light petroleum, which removed, in addition to sterol and 
other unsaponifiable material, some potassium linoleate. This 
^dt ^parated on cooling and after recrystallisation was obtained 
pale yellow powder (21 g.), which rapidly became brown in 
J ■ Oxidation with potassium permanganate converted it 
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into sativic acid, insoluble in light petroleum or ether, melting at 
165° after one recrystallisation from alcohol, and having an 
equivalent weight of 338 (sativic acid, 348). The pumice was now 
boiled with water and the acids liberated from the soap solution 
thus obtained were washed and dried [Found : M (mean), 340, 340. 
Iodine absorption, 144, 145%]. The potassium salts derived 
from 19 g. of the acids gave, on oxidation with permanganate : 
(a) 0-95 g., soluble in light petroleum, melting at 45—60° after 
two recrystallisations, and probably representing impure saturated 
acid; (6) 0*85 g. of dihydroxystearic acid (white crystals, m. p. 
128—130°. Found: C, 67-8; H, 11*8%); (c) 2*7 g. of sativic 
acid. The last was separated by fractional crystallisation into 
portions, m. p. 169-5° and 154°, respectively. Nicolet and Cox 
(J. Amer . Chem . $oc., 1922, 44, 144) have shown that the two 
^-mixtures of tetrahydroxystearic acids formed by the oxidation 
of linoleic acid can be separated by fractional crystallisation, the 
melting point of one being 171° and of the other 153°. 

The zinc salt of a fatty acid was left on the pumice after the 
extraction of the soaps. It melted at 123°, and was probably 
impure zinc stearate derived from the zinc of the galvanised iron 
extractor and the stearic acid of the resin. A specimen of the 
zinc salt prepared from a somewhat impure sample of the solid 
acid isolated from the resin (m. p. 67—69°), by heating the acid 
in cymene solution with zinc oxide, melted at 123°. 

Hence the presence of oleic and linoleic acids in the Liquid 
Fraction can be regarded as established; and, since further only 
C 18 acids are present, it seems safe to assume that the higher liquid 
fatty acids in rubber consist of oleic and linoleic acids exclusively. 
The purest sample of the mixed liquid fatty acids isolated showed 
an iodine absorption of 140 {vide supra). As this sample probably 
contained a small amount of solid acid as impurity, it is probable 
that the amount of linoleic acid present is considerably more than 
twice that of oleic acid. This conclusion is supported by the 
relative yields of dihydroxy- and tetrahydroxy-stearic acids obtained 
on oxidation. 

The authors wish to thank the National Eesearch Council of 
Canada for a grant of money, Mr. G. D. Kratz and Mr. C. W. 
Bedford for samples of acetone extract, and Mr. W. B. Wiegand 
and Dr. E. A. van Valkenburgh for gifts of rubber. 
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CXC .—Some Fatty Acid Derivatives . 

By George Stafford Whitby. 

This paper describes the use of the silver salts of the fatty acids 
(which are obtainable by a convenient procedure described in the 
experimental part) for the preparation of derivatives such as the 
glycerides, acid anhydrides, and esters by double decomposition 
with appropriate halogen compounds. Certain mixed triglycerides 
have been prepared by treating (3-acyl dichlorohydrins with such 
silver salts : 

RC0-0-CH(CH 2 Cl) 2 —RG0-0-CH(CH 2 -0-C0R')2- 

p-Aeyl dichlorohydrins can be prepared by the action of acyl 
chlorides not only on a-dichlorohydrin, but also on epichlorohydrin : 
i.e.y acyl chlorides add on to epichlorohydrin in the same sense that 
hydrogen chloride does, the chlorine assuming the a-position : 

CH 2 a-CH—CH 2 +R-C0a=CH 2 aCH(0-C0B)*CH 2 Cl. 

x 0 / 

This has been shown to be the ease for propionyl, butyryl, and 
stearyl chlorides. 

The silver salts of the fatty acids react very easily with acyl 
chlorides, yielding acid anhydrides, and readily with alkyl halides, 
yielding esters. In a homologous series of esters of palmitic acid 
and in a similar series of esters of stearic acid, the melting point 
falls from the methyl ester to a minimum in the butyl ester. 

Heintz (Ann. Phys 1852, 87, 21, 267; 1854, 92) concluded 
that the fatty acids derived from the saponification of spermaceti 
comprised stearic acid. The present author has isolated cetyl 
stearate from spermaceti by fractional crystallisation. 

Experimental. 

Silver Salts of Fatty Acids .—Silver salts of both higher and lower 
fatty acids were obtained as fine, white powders, which suffered no 
discoloration when kept for 3 years in the light, by the following 
procedure : To a 2—4% alcoholic solution of the acid were added, 
in either order, 1 equiv. of aqueous ammonia (d ca. 0*9) and 1 equiv. 
of silver nitrate (dissolved in twice its weight of water; or dissolved 
in its own weight of water, and the* warm solution diluted with 
alcohol). After 2—3 hours, the precipitate was filtered off, dried 
on a porous plate, powdered, and, if desired, dried at 50° for several 
hours. In the case of the higher fatty acids, the silver salt was 
precipitated in a more easily filterable form at about 50° than at 
temperature. The yields were almost theoretical. Silver 
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stearate, palmitate, laurate, myristate, hexoate, butyrate, pro¬ 
pionate, acetate, and oleate prepared by this procedure were shown 
to be pure by determining their silver content. The stearic acid 
used melted at 69*5°, and the palmitic acid at 62*5°. 

From the higher fatty acids, silver salts were also obtained as 
white powders, stable in the light, by a modification of Krafft’s 
method (Ber., 1888, 21, 2266); the precipitates, however, were 
contaminated with a small amount (usually about 1%) of the free 
fatty acid, which could be removed by washing with alcohol Or 
extraction with ether : Silver nitrate (1 equiv.) dissolved in a little 
water was treated with sufficient aqueous ammonia to re-dissolve 
the precipitate formed. The solution was added to an alcoholic 
solution of the fatty acid, precipitation completed by the addition 
of water, and the readily-filterable silver salt washed with alcohol 
and dried on a porous plate. 

The solubility of silver palmitate and stearate in water at 20°, 
determined colorimetrically (Whitby, Z. anorg. Chem ., 1910, 67, 68), 
was 0-00123 g. and 0-00065 g., respectively, per litre. These two 
salts therefore fall in line with the silver salts of the lower acids, 
the solubilities of which change from member to member in a com¬ 
paratively regular manner (Lieben, Monatsh ., 1884, 15, 404). 
Silver palmitate and stearate being less soluble than silver chloride, 
sodium chloride does not precipitate silver chloride from a solution 
of silver palmitate or stearate, held up by the minimum quantity of 
ammonia. Silver palmitate, being more soluble than silver stearate, 
requires less ammonia to cause it to dissolve in alcohol, and, con¬ 
versely, it requires more water to precipitate it from ammoniacal 
alcoholic solution. 

The silver salts of the higher fatty acids swell, disperse, and, 
on cooling, yield gels in various organic liquids, e.g., aromatic hydro¬ 
carbons, on heating (compare Whitby, Science , 1921, 53, 580). 
Silver oleate yields gels more readily than does silver palmitate or 
stearate. Thus it gives a gel in benzene, whereas silver stearate 
requires the higher-boiling xylene to yield a firm gel; in toluene, 
it gives only a weak gel, and in benzene it merely swells. Silver 
oleate gives a weak gel in amyl alcohol. In ^-propyl alcohol, it 
swells and disperses, but on cooling separates as flocks, not as a gel. 
Gelation in organic liquids can be obtained at a lower point in the 
fatty acid series in the case of the silver than in the case of the 
alkali salts. Thus, silver hexoate dissolves in hot xylene and on 
cooling the sol will set to a weak gel, whereas potassium and sodium 
hexoates remain undispersed in boiling xylene. 
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$-Acyl Dichlorohydrins . 

The a-dichlorohydrin used was prepared by the action of fuming 
hydrochloric acid on epichlorohydrin. 

(3 -Butyryl Dichlorohydrin .—(a) A mixture of 29*58 g. of a-dichloro- 
hydrin and 23*72 g. of butyryl chloride was, after the initial reaction 
had subsided, warmed at 50° to complete the reaction, moisture 
being excluded (loss, 7*95 g. Calc., 7*82 g.). Distillation yielded 
a product, b. p. 223*5°, having a fruity odour, rig 1*4540, dgj* 
1*1796, saponification number 843 (Calc, for C 7 H 12 0 2 Cl2, 845*5). 
(6) A mixture of 23*05 g. of epichlorohydrin and 29*05 g. of butyryl 
chloride (ca. 10% excess) was heated under reflux for 8 hours 
at 75°, the entry of moisture being prevented. The twice- 
distilled product had b. p. 223*5°, njf 1*4540, 1*1792, saponi¬ 

fication number 841*5. Truchot (Compt. rend., 1865, 61, 1170) 
gives b. p. 226°/738 mm. and dj 1 * 1*194. 

fi-Propionyl dichlorohydrin was prepared in similar ways to those 
mentioned above, except that in (6) the mixture of epichlorohydrin 
and propionyl chloride was heated in a sealed tube at 135° for 3 
hours. The methods gave identical products, b. p. 208°, dgf. 
1 * 2222 . 

$-Pdbnityl Dichlorohydrin .—Reaction between 13*79 g. (ca. 20% 
excess) of a-dichlorohydrin and 22*15 g. of palmityl chloride was 
completed by heating the mixture for 1 hour in a boiling water- 
bath (loss, 2*93 g. Calc., 2*94). The product, which set solid on 
cooling, crystallised from alcohol in white crystals, m. p. 34*4°, 
ng* 1*4527 [Found: saponification number, 456*7; Cl, 19*2 (by 
saponification), 19*1 (by Carius). C 19 H 36 0 2 Cl2 requires d, 19*3%; 
saponification number, 458*7]. Palmitic acid isolated after 
saponification, 68*97 (calc., 69*76%). 

fi-Stearyl Dichlorohydrin. —(a) This was prepared from a-diehloro- 
hydrin and stearyl chloride in the manner described for the pre¬ 
paration of p-palmityl dichlorohydrin. It had m. p. 39*5° and 
njf 1*4528 (Found: saponification number, 424*1; Cl, 17*8. 
CgjH^OgClg requires Cl, 17*85%; saponification number, 426*0). 
Stearic acid isolated after saponification, 72*18 (calc., 71*91%). 
(b) 20*8 G. of stearyl chloride were heated with 6-8 g. of epichloro- 
hydrin in a sealed tube at 130° for 3J hours. The product, on 
recrystalHsation from alcohol, readily yielded pure (3-stearyl di¬ 
chlorohydrin. It contained a small amount of material of low 
melting point and very slight solubility in alcohol, the nature of 
which was not investigated. n$', 1*4530. Saponification number, 
423. . 
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Mixed Triglycerides . 

Q-Palmitodistearin ($-Palmityl act' -distearyl glyceride.) —(a) Pow¬ 
dered fi-palmityl dichlorohydrin (1 mol.) and silver stearate (2 mols.) 
were mixed and heated either for 3 hours at 155° or for 5 hours at 
135°. An ethereal extract of the product slowly deposited the fat 
as a pale cream, microcrystalline solid, m. p. 63-5°, and 64*8° after 
recrystallisation from ether; the crystals from the mother-liquor 
had the same melting point. n\ f 1*4467. Mean dispersion 
(n# — n c ), 0*00788. Saponification number, 106*2 (G 55 H 106 O 6 requires 
195*2). 1*6269 G. of the mixed silver salts prepared, by the method 
described earlier, from the mixed fatty acids obtained on saponific¬ 
ation gave 0*4595 g. of silver (calc., 0*4593 g.). Freedom of the 
product from stearic or palmitic acid was shown by the fact that 
addition of silver nitrate followed by ammonia to an alcoholic 
solution produced no precipitate. The fat was practically insoluble 
in cold alcohol. 

( b) The glyceride was also prepared from (3-palmityl dichloro- 
hydrin and silver stearate, reacting in hot phenetole for hours. 
The filtrate, on cooling, deposited the fat as rosettes or sheaves 
of needles, m. p. 64°. After recrystallisation from ether, the 
product agreed in melting point and saponification number with 
that described above. 

The m. p. of (3-paknitodistearin is given as *63° by Rreis and 
Hafner (Ber., 1903, 36, 2766) and Bomer and Limprick (Z. Nahr. 
Genussm ., 1913, 25, 354) and as 67*1° by Amberger and Bromig 
(j Biochem. Z. y 1922, 130, 252). 

$-Stearodijpalmitin (fi-stearyl oca -dipalmityl glyceride) was pre¬ 
pared from P-stearyl dichlorohydrin and silver palmitate by method 
(a). M. p. 63*3° (Amberger and Bromig, loc. cit., give 59*1°). 
Saponification number, 202*6 (C 53 H 102 O 6 requires 201-8). 

(3 -Buiyrodipalmitin ($-Butyryl acc'-dipalmityl glyceride). —With 
the aid of some ether, silver palmitate (2 mols.) and P-butyryl 
dichlorohydrin (1 mol.) were mixed. The ether was removed by 
warming on the water-bath, and the mixture heated at 170° for 
i hour with occasional stirring. When cold, the product was ex¬ 
tracted with ether, silver chloride filtered off, and the ether removed. 
The residue was dissolved in alcohol and treated with the quantity 
of alcoholic potassium hydroxide necessary to neutralise the free 
acid present. The alcohol was then removed at 40° under reduced 
pressure, the residue extracted with dry chloroform, the chloroform 
removed, and the product recrystallised from alcohol. It then had 
m. p. 43*6°, nf 1*4431, nf 1*4397, nf 1*4359; saponification 
number, 265*6 (C 41 H 74 0 $ requires 263*3). 100 G. of absolute 
alcohol at 20° dissolve 0*55 g. of (3-butyrodipalmitin. 


3 d 2 
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p -Palmitodibutyrin ($-Palmityl <x<x'-dibutyryl glyceride }.—An 
intimate mixture of P-palmityl dichlorohydrin (1 mol.) and silver 
butyrate (2 mols.) was heated at 150° for 40 minutes, being stirred 
at intervals. The procedure used to isolate p-butyrodipalmitin 
was then followed. It was necessary to cool the alcoholic solution 
in ice in order to obtain crystals. These had m. p. 17°, and 18° 
after recrystallisation from alcohol. 1*4530. Saponification 
number, 388 (C 27 H 50 O 6 requires 385*1). 

Acid Anhydrides .. 

Propionic Anhydride —Silver propionate (31*8 g.) and propionyl 
chloride (16*25 g.) developed considerable heat on mixing. No 
propionyl chloride came over on distillation. The yield of the crude 
anhydride was 20*0 g. (88%), and on redistillation this gave 80% 
of pure propionic anhydride, b. p. 165°. 

Butyric Anhydride. —(a) From silver butyrate and butyryl 
chloride in the manner just described, a good yield of butyric 
anhydride, b. p. 193°, was obtained, (b) Lachowiz’s method of 
preparing acetic and propionic anhydrides (Ber. 7 1884, 17, 1218; 
1885, 18, 2920) gave a poorer yield of butyric anhydride than 
method (a). A mixture of 40 c.c. of butyryl chloride and 600 g. 
of powdered lead nitrate (dried at 100°) was heated on the water- 
bath under reflux for 2—3 hours; it was then extracted with dry 
benzene, and the extract distilled. By several redistillations of 
the fraction b. p. 165—200°, a 50% yield of butyric anhydride was 
obtained. 

Palmitic Anhydride .—A mixture of 6*40 g. of palmityl chloride 
and 8*19 g. of silver palmitate was heated and stirred on the water- 
bath for 10 minutes, and, when cold, was extracted with anhydrous 
ether. The product, recrystallised from ether, had m. p. 62*6°. 
Another sample had m. p. 63*0° after recrystallisation from benzene. 
Saponification number, 226; Jf, cryoseopic in benzene, 402 
[(C 15 H 31 *C0) 2 0 requires saponification number 226*8; if, 394]. 
100 G. of absolute alcohol at 20° dissolve 0*18 g. of palmitic 
anhydridfe. 

Stearic Anhydride .—This was prepared from stearyl chloride 
and silver stearate in a. similar way to that just described. After 
recrystallisation from ether, the substance was obtained as large, 
s k hflng plates, similar in appearance to stearic acid. M. p. 70*5°. 
Saponification number, 202*5; M , cryoseopic in benzene, 540 
requires saponification number, 203*7; M, 550*7]. 
10p G. of absolute alcohol at 20° dissolve 0*023 g. of stearic 
solubility in ether was clearly less than that of 
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The anhydrides of palmitic and stearic acids, although very 
similar to the corresponding acids in melting point and appearance, 
are much less soluble and have higher refractive indices. The 
following measurements were all made with the same instrument. 


Refractive indices of some fatty acids and their anhydrides . 


Propionic acid : ng* 1*3874. 
n-Butyric acid ; wg* 1*3990. 
Palmitic acid : ri<f 1*4309. 
Stearic acid : 1*4300. 


Propionic anhydride : n^ m 1*4041. 
■w-Butyric anhydride : 1*4143. 

Palmitic anhydride : 1*4359. 

Stearic anhydride : 1*4362. 


Esters of Palmitic and Stearic Acids . 

Cetyl Palmitaie : Cetyl Stearate .—These were prepared by heating 
a mixture of the appropriate silver salt (made from a sample of 
the pure acid) and recrystallised cetyl iodide (m. p. 21*9°) in a boiling 
water-bath for | hour, with stirring at intervals. The reaction 
mixture was extracted with ether, silver iodide filtered off, and the 
ethereal solution allowed to deposit crystals. The yields were 
practically theoretical, and the products, which consisted of lustrous, 
white plates, were so pure that recrystallisation from ether or 
glacial acetic acid failed to change the original melting point. 
Saponification numbers : cetyl palmitate, 117-0 (C 15 H 31 * C0 2 -Ci 6 H33 
requires 116-7); cetyl stearate, 111*1 (C 17 H 35 *C0 2 *C 16 H33 requires 
110*3). Both esters were readily soluble in acetone, carbon disul¬ 
phide, or chloroform, and were very soluble in benzene. Ethereal 
solutions were occasionally supersaturated, but crystallisation was 
immediately induced by touching with ice a point in the vessel. 


Melting point 

< . 

«JT.: 


100 G. of abs. ether dissolve at 22° . 

» 99 99 99 U ............ 

„ „ alcohol ,, 22° .. 

„ glacial acetic acid dissolve at 22° ... 
Turbidity temperature (Valenta test, with 
2 c.c. of glacial acetic acid and 2 c.c. of 
ester) ... 


Cetyl 

palmitate. 

51*6° 

1*4429, 1*4415 
1*4398 

21*01 g. 

2*30 g. 
0*0495 g. 
0*0633 g. 


109° 


Cetyl 

stearate. 

56*6° 


1*4410 
9*08 g. 
0*73 g. 
0*0594 g. 
0*0388 g. 


Turbid to b. p. 


Cetyl Stearate from Spermaceti. —400 G. of a sample of spermaceti 
(m. p. 42—44°; rig 1*4397; turbidity temperature 77°; saponific¬ 
ation number 125*8; iodine absorption 5*89%) were recrystallised 
from ether nineteen times; 2*2 g. were obtained of a product with 
a constant melting point of 56*6° and agreeing in saponification 
number, refractive index, and turbidity temperature with cetyl 
stearate. On the basis of determinations of the amount and melting 
point of the material in the mother-liquors from the successive 
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crystallisations, and of determinations of the melting point of arti¬ 
ficial mixtures of cetyl palmitate and cetyl stearate, a rough estimate 
of the amount of cetyl stearate in the sample of spermaceti examined 
was made as 1-1%. A second sample of spermaceti was also 
examined. 1200 G. (original m. p. 41—44°) yielded, after ten 
crystallisations, 1*5 g. of crystals, m. p. 55*5°, having a saponification 
number of 111*5 (calc., 110*5) and giving cetyl alcohol (m. p. 50° 
after several reerystallisations from alcohol) and stearic acid (m. p. 
65° after three reerystallisations from alcohol) on hydrolysis. 

Benzyl Palmitate .—Equivalent quantities of silver palmitate 
and benzyl chloride were heated, with stirring at intervals, for \ 
hour at 145°. The ester was extracted with ether and recrystallised 
from alcohol. M. p. 36° (compare Shonle and Row, J. Amer. Chem. 
Soc., 1921, 43, 361). rig' 1-4620. 100 G. of absolute alcohol 
at 16° dissolve 3*30 g. 

Benzyl stearate was prepared similarly to benzyl palmitate. 
M. p. 44*3° (Shonle and Row, loc . tit, give m. p. 45*8°), rig' 1*4627. 
100 G. of absolute alcohol at 16° dissolve 0-685 g. 

Homologous Series of Esters .—The esters the physical constants 
of which are recorded in the following table were prepared from 
the appropriate silver salt and alkyl halide. In the case of methyl 
stearate, ethyl palmitate, and ethyl stearate a mixture of equivalent 
amounts of the silver salt and the alkyl iodide was gradually heated 
in xylene to 100° and maintained at that temperature for about 
10 minutes. Silver iodide was filtered off, and washed with hot 
xylene. The xylene solution was, if necessary, concentrated under 
reduced pressure, the ester allowed to crystallise, and then recrystal¬ 
lised from alcohol to a constant melting point. 


Saponification number. 


Palmitate. 

M. p. 

<• 

<• 

Found. 

Calc. 

Ethyl . 

23*5° 

1*4278 

1-4200 

204 

197*3 

w-Propyl . 

20-4 

1-4290 

1-4211 

186 

188-1 

»-Butyl .. 

16*9 

1*4312 

1-4232 

179-5 

179-7 

n-Amyl .. 

19-4 

1-4320 

1-4241 

171 

172 

iso Amyl . 

12-5 

1-4315 

1-4236 

175 

172 

n-Octyl .. 

22-5 

.1-4358 

1*4277 

152 

152-3 

Stearate. 

Methyl ... 

Ethyl ... 

38*8 

33-6 

1*4320 

1-4238 

182 

179-5 

n-Propyl .. 

3Q-5 

1-4323 

1-4242 

174 

171*9 

n-Butyl ..... 

27-5 

1-4328 

1*4250, 

165-9 

164*8 

n-Amyl .. 

30 

1-4342 

1-4266 

160 \ 

158*3 

♦aoAmyl ... 

23 

1-4333 

1-4260 

160 

158*3 

n-Octyl ... 

31*8 

1*4373 

1-4300 

143 

141*5 


j||ia the case of the other esters listed, with the exception of the 
:jestsere, reaction was brought about by heating a mixture 
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of equivalent quantities of the silver salt and the alkyl iodide alone, 
without xylene, for If hours at 100°. The product was extracted 
with hot alcohol. In the case of the octyl esters a mixture of the 
silver salt and octyl bromide was heated for 2f hours at 130—140°. 

Both in the palmitate and in the stearate series the melting point 
reaches a minimum in the butyl esters, but the refractive index 
increases continuously. 

McGill University, Montreal. [ Received , February 22nd, 1926 .] 


CXCI .—The 'Conditions underlying the Formation of 
Unsaturated and Cyclic Compounds from Halo - 
genated Open-chain Derivatives . Part VIII. Pro¬ 
ducts derived from Pimelic Acid . An Application 
of Bischoffs Dynamic Hypothesis . 

By Albert Hassell and Christopher Kelk Ingold. 

In general, the action of alkalis on the a-halogen derivatives of 
dibasic acids proceeds in three ways. Thus, monobromoglutaric 
acid yields a hydroxy-acid (I), a ring-acid (H), and an unsaturated 
acid (III), in addition to substances derived from the decomposition 
of these. 


PTT ^CH(0H)’C0 2 H 

(I.) 


ch 2 <Jc 


ih-go 2 h 


!H-CO a H 

(II.) 




v ch-co 2 h 

(III.) 


If the quantity of unsaturated acid formed is small, the reaction 
may be regarded as a competition between hydroxylation and ring- 
formation, and may be used to estimate the relative ease of ring- 
formation in the different cases. This method has been applied to 
a number of glutarie and adipic acids, with results explicable on 
the assumption that the volumes of groups attached to a central 
carbon atom determine the inclination of its valencies and the 
consequent tendency of that atom to participate in a ring of given 
type (Ingold, J., 1921,119, 305, and later). 

The halogen derivatives of pimelic acid have now been investig¬ 
ated, and, despite the fact that in this case there are difficulties in 
the way of a precise mmierical comparison, the general results accord 
with the hypothesis. The ring formed is a five-membered one, 
and the ratio (ring-formation): (hydroxylation) is much greater 
than in any case previously investigated. 

In the case of the a a' - dihalogen-adipic esters (IV), concentrated 
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alkalis gave a small quantity of a c^cZobutene acid (VI), and a con¬ 
siderable amount of muconic acid (VII) and of the hydroxy-acids (V). 

COgR’CHBr'CHg'CHs'CHBr-COglt (iv.) 
ch 2 *ch(oh)*co 2 h ch 2 -c*cojb[ ch:cH'00 2 h 

CH 2 OH(OH)-C0 2 H CHa-C-COaH CH:CH-C0 2 H 

(V; two forms.) (VI.) (VII.) 

When aa'-dibromopimelic ester (VIII) was examined, a greatly 
increased tendency to ring formation was noticed Under various 
conditions, a considerable proportion of the material was trans¬ 
formed into the cs/cZopentene acid (IX), although this acid did not 
always survive the conditions of its formation.” When concen¬ 
trated alkalis were employed, a second principal reaction gave rise 
to a doubly-unsaturated open-chain acid (X) (see below); the 
question as to whether this undergoes subsequent isomeric change 
is discussed below. So far as could be ascertained, dihydroxypimelic 
acids were not produced. 


PTT < XM 2 *GHBr*C0 2 R pTT <r CH 2 -C-C0 2 H ^CH:CH-C0 2 H 
2 XH 2 -CHBr‘C0 2 E, 2 ^CH 2 U-C0 2 H 2 UHICH-CfXH 

(vm.) (ix.) (X.) 

The constitution of the ring-acid (IX) follows from its identity 
with the acid synthesised by Haworth and Perkin (J., 1894, 65 , 
978) from the saturated c^cfcpentane acid (XI), the dibromo-ester 
(XII) of which, on treatment with potassium iodide, yielded the 
ester (XIII): 




"CHa- 

(XI.) 


:h-co 2 h 


CHa-CBr-COaR 
(XII.) 


' s CH 2 -C-C0 2 R 

(xrn.) 


3h the presence of concentrated alkalis, the Unsaturated ring- 
acid (IX) undergoes change into the isomeric acid (XIV), the 
reaction being analogous to the conversion of citraeonio acid into 
itaeonic acid, and of A 1 -tetrahydrophthalic acid into the A 2 -acid. 
The change is not complete, and definite evidence of its reversibility 
has been obtained. At the same time, a small amount of the 
saturated hydroxy-ring acid (XV) is produced. 


(XIV.) CH.< 


•CH-C'CCLH 


CHa-CH-COaH 


prr <pCH 2 - 

CHiS X3H a -< 


j!(0H)-C0 2 H , xv , 
M-CO.H 


; It is noteworthy that whereas the ci/cZopropane hydroxy-ring 
a«id ( XVI) i s quantitatively converted into the isomeric ketoglutaric 
(jLVil) by alkalis (Ingold, loc. cU.), the hydroxyt^efopentane 
showe no tendency to pass into a-ketopimelic acid 
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(XVIII). The two cases evidently represent the two limiting 
conditions of the keto-cyelol change. 


r-TT <-9<OH)-C0 2 H 
(XVI.) 


prr ^CO-COaH pjr ^CHa-CO-COoH 

2 xh 2 -co 2 h 2 ch 2 -ch 2 -co 2 h 

(xvn.) (xvin.) 


Although formula (X) must represent the structure of the un¬ 
saturated open-chain acid initially produced from dibromopimelic 
ester, it is possible that this acid changes into the isomeride (XIX) 
under the conditions of the experiment. It is known that under 
these conditions ag-unsaturated acids readily come into equilibrium 
with their py-unsaturated isomerides, and in this case the Py-com¬ 
pound possesses a conjugated system from which it might be expected 
to derive sufficient stability to render the isomeric change practically 
non-reversible. The acid appears to be identical with the “ piperyl- 
enedicarboxylic acid” obtained by Willstatter (Ber., 1S95, 28 , 
3287) by the exhaustive methylation of tropinic acid (XX) : 

CHO-GH-CIL-C0.H CH:CH-CH^C0 2 H 

(XX.) j >NMe T (XIX.) 

ch 2 -ch-co 2 h oh:ch-co 2 h 

These reactions do not, of course, prove the structure, but the 
tendency to the production of conjugated systems by the exhaustive 
methylation process is well known, and is illustrated by the 
exhaustive methylation of piperidine. 

A remarkable reaction, which has not been observed in any of 
the shorter-chain series previously investigated, is that which leads 
to the formation of considerable quantities of the meso- and racemic 
forms of the dimethoxy-acid C0 2 H*CH(0Me)*[CH 2 ]3*CH(0Me)*C0 2 H 
when methyl-alcoholic potassium hydroxide is employed as 
the hydrolysing agent. Although the occurrence of this reaction 
creates difficulties when the attempt is made to extend to the pimelic 
acid series the method of numerical comparison previously employed, 
it is in accord with the view that the conditions gover ning all these 
reactions are essentially spatial; for whereas steric influences would 
prevent the accumulation of as many as four bulky groups (2MeO 
and 2C0 2 H) in 1 : 5- and 1: 6-positions, there is no obstacle in the 
way of their occupying 1:7-positions, and hence this reaction i& 
not encountered in the glutarie and adipic acid series, and is met: 
with for the first time in the pimelic acid series. It may be pre^ 
dieted that the occurrence of this reaction, under the conditions, 
specified, will be found to be a peculiarity of the higher series, and 
that it win be prominent in the suberic and azelaic acid series. 



1468 HASSELL AND INGOLD : THE CONDITIONS UNDERLYING THE 


Experimental. 

Pimelic acid was prepared by hydrolysis of the ethyl pentane- 
tetracarboxylate produced from ethyl sodiomalonate and ocy-di- 
bromopropane. It was dibrominated in the form of its chloride, and 
the dibromo-chloride converted into ethyl dibromopimelate, which 
was treated with 6V-methyl-alcoIiolic potassium hydroxide, as in 
the previous investigations of this series. The acid product, a pale 
yellow syrup, was dissolved in water, neutralised with ammonia, 
and a concentrated aqueous solution of lead acetate was added in 
four or five successive portions until no further precipitation 
occurred, the solutions being kept cold throughout. The various 
fractions of lead salt were collected separately and decomposed 
with a small excess of dilute sulphuric acid, the filtrates from the 
lead sulphate being concentrated in a vacuum and extracted with 
ether. The acid regenerated in this way from the first fraction of 
lead salt solidified almost completely, and some of the intermediate 
fractions, on being seeded with the solid and kept for some weeks, 
deposited crystals. These fractions were then again submitted to 
the fractional precipitation of lead salts, and some further crops of 
crystalline acid were thus obtained. 

Piperylenedicarboxylic Acid (XIX).—The solid acid, after two 
crystallisations from ether, melted at 169° (Found : C, 53-7; H, 5-3. 
C 7 H 8 0 4 requires C, 53-8; H, 5*1%), and corresponded closely in its 
properties with the acid obtained by Willstatter by exhaustive 
methylation of tropinic acid. The yield of purified material was 
6-2% of the theoretical. The tetrabromide melted with decom¬ 
position at 217° (Found : Br, 67-0. Calc.: Br, 67*2%). 

On oxidation with eight atoms of available oxygen in the form 
of 4% permanganate at the ordinary temperature, a small amount 
of malonic acid and much oxalic acid were obtained. On reduc¬ 
tion by a large excess of sodium amalgam in boiling aqueous solution, 
a semi-solid product was obtained from which pimelic acid was 
isolated by draining and crystallisation from ether. 

cycloPentanol-l: 2-dicarboxylic Acid (XV).—The syrupy acids 
recovered from the lead salts, together with those obtained from 
the aqueous filtrates by extraction with ether after acidification, 
and desiccation oyer potassium hydroxide to remove acetic acid, 
were dissolved in ether and extracted with successive small quanti¬ 
ties of water. The first extract, on evaporation in a vacuum, gave 
a residue which in course of time partly solidified. The remaining 
extracts gave syrups. The solid was drained (5*5% unpurified) 
and ciystnllised from acetone-benzene, from which it separated in 
I'lttiB in. p. 159-—160° (Found : 0, 48*6 ; H, 5*8. C 7 H 10 O 5 
H, 5*7%). . 
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The silver salt was prepared from the neutral ammonium salt 
(Found : Ag, 55*5. C 7 H 8 0 5 Ag 2 requires Ag, 55*7%). 

The ethyl ester was prepared by boiling the silver salt with ethyl 
iodide in ether solution; b. p. 168—171°/10—11 mm. (Found: 
C, 57*1; H, 7*8. C n H ls 0 5 requires G, 57*4; H, 7*8%). On 
heating with acetic anhydride in a sealed tube at 180°, an oil was 
obtained which, on hydrolysis by hydrochloric acid, gave cyclo- 
pentene-1 : 2-dicarboxylic acid, m. p. 178°. 

A^-cycloPentene- 1: 2-dicarboxylic Acid (IX).—The syrupy residues 
from the ethereal and the various aqueous solutions obtained in 
the preceding separation were combined and esterified with ethyl 
alcohol and sulphuric acid. The esters, after several distillations, 
yielded a fraction, b. p. 146°/11 mm., which was hydrolysed by 
boiling with hydrochloric acid under a condenser sufficiently short 
to permit the escape of alcohol vapour. On evaporation of the 
aqueous solution, a solid product was obtained, which melted 
indefinitely at 140—150°, and after several crystallisations from water 
yielded a small quantity of the A x -cycZopentene acid, which was 
identified by analysis (Found : C, 53*9; H, 5*1. Calc. : C, 53*8; 
H, 5*1%) and by a mixed melting point determination. 

A 2 -cycloPentene-l : 2-dicarboxylic Acid (XIV).—This acid appears 
to be the main constituent of the mixture, m. p, 140—150° (19% 
of the theoretical yield), but the separation of the last traces of 
the 178°-acid necessitates several alternate crystallisations from 
water and ethyl acetate. This acid is very much more soluble 
in water than the A 1 -isomeride; it separates from water or ethyl 
acetate in small prisms, m. p. 146—147° (Found : C, 53*5; H, 5*1. 
C 7 H 8 0 4 requires G, 53*8; H, 5*1%). 

2 : 3-Dibromocyclopentane- 1 : 2-dicarboxylic acid was obtained 
when the A 2 -acid was exposed to bromine vapour for several days. 
The product, after being freed from bromine, was crystallised twice 
from glacial formic acid, from which it separated in small, dense 
prisms, which decompose with much frothing at 165° (Found: 
Br, 50*4. C 7 H 8 0 4 Br 2 requires Br, 50*6%). 

On heating for a few minutes with boiling 64% aqueous potassium 
hydroxide, both the A 1 - and A 2 -cycZopentene acids yield a mixture 
consisting mainly of the A 2 -acid, along with a small amount of 
the A 1 -acid. In one experiment, starting with the A 1 -acid, a 
small amount of the hydroxy-ring acid was also isolated. The 
method of separation of these mixtures was substantially the same 
as that already described. 

Ethyl cccc'-Dimethoxypimelate .—In the distillation of esters (above) 
a large fraction (35% of the theoretical yield) was obtained, b. p. 
160—175°/10 mm. This consisted essentially of a mixture of the 

3 d* 2 
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meso- and racemic forms of the dimethoxy-ester, and the central 
fraction, b. p. 166—169°/10 mm., gave correct figures on analysis 
(Found : C, 56*8; H, 8*7. C 13 H 24 0 6 requires C, 56*5; H, 8*7%). 

Both the central fraction and the main fraction (the former, 
b. p. 166—169°/10 mm., and the latter, b. p. 160—175°/10 mm.), 
on hydrolysis by means of hydrochloric acid, gave a syrupy?acid 
which could not be induced to crystallise, although it yielded a 
silver salt having the correct silver content for the dimethoxy- 
compound (Found : Ag, 50*2. C 9 H 14 0 6 Ag 2 requires Ag, 49*8%). 
It was therefore digested with a small excess of pure thionyl chloride 
until sulphur dioxide ceased to be evolved, and after the excess of 
reagent had been removed at 100°, the acid chloride was treated 
with dry ammonia in ether solution. This process yielded a mixture 
of two crystalline amides. 

The esters, b. p. 160—175°/10 mm., were mixed with concen¬ 
trated aqueous ammonia (3 vols.), and the mixture was shaken 
frequently until it became homogeneous (3—6 days). 

ax'-Dim ethoxypimelamide (A-form).—This amide crystallised 
practically completely from the aqueous ammonia solution. It 
melted at 209—210°, and after one crystallisation from water was 
obtained pure, as prisms, m, p. 212°. The mixture of amides 
obtained from the ethereal ammonia solution yielded the A-amide 
in a pure condition after two crystallisations from water (Found; 
C, 49*2; H, 8*3. C 9 H 18 0 4 N 2 requires C, 49*5; H, 8*3%). The 
amide is readily soluble in hot water, sparingly soluble in cold, fairly 
easily soluble in methyl or ethyl alcohol or acetone, and almost 
insoluble in ethyl acetate, chloroform, or benzene. 

aa '-Dimethoxypimelamide (B-form).—The ammonia solution from 
the esters, after the A-amide had been collected, was evaporated on 
the water-bath until, on cooling, it set to a stiff paste of crystals, 
which were drained on porous porcelain and crystallised from water 
and ethyl acetate ; the compound separated in fluffy balls of minute 
needles, m. p. 167°. The aqueous solution from the decomposition 
of the acid chlorides, after the A-amide had been removed, was 
evaporated to dryness, and the residue extracted from the ammonium 
chloride with boiling ethyl acetate, from which, on concentration 
and cooling, thes B-amide separated almost pure. It was crystall¬ 
ised from ethyl acetate (Found: C, 49*3; H, 8*2%). This amide is 
extremely soluble in hot water and very easily soluble in cold; it 
is fairly easily soluble in hot ethyl acetate, but almost insoluble 
in cold ; it is easily soluble in acetone or methyl or ethyl alcohol, 
: but insoluble in chloroform or benzene. 

K f -Mm^hoa^pirndic Acid (A-form).—A solution of the A-amide 
}#n 10 e.c. of concentrated sulphuric acid was treated between 
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0° and 5° with a strong aqueous solution of 0*6 g. of sodium nitrite 
delivered by a fine capillary tube dipping beneath.the liquid, the 
addition occupying about 1*5 hours, during which the mixture was 
continually stirred. The solution was poured into water and 
extracted with ether, from which the A-acid was obtained as a 
clear gum (Found: C, 49-0; H, 7*3. C 9 H 16 0 6 requires C, 49*1; 
H, J*3%. Found for the silver salt: Ag, 49-6. C 9 H 14 0 6 Ag 2 
requires Ag, 49*8%). 

ota'-Dimethoxypimelic Acid (B-form).—This acid was prepared 
similarly from the B-amide and had similar properties (Found: 
C, 49*1; H, 7*4%. Found for the silver salt: Ag, 49*5%). 

We desire to record our thanks to the Royal Society for a grant, 
with which part of the expense of this investigation has been met. 

The University, Leeds. [j Received, February 16 th 9 1926.] 


CXCII. —The Conditions underlying the Formation of 
Unsaturated and Cyclic Compounds from Halo - 
genated Open-chain Derivatives . Part IX. Products 
derived from Suberic and Azelaic Acids . 

By Frank Robert Goss and Christopher Kelk Ingold. 

According to the hypothesis underlying this series of investigations, 
the action of concentrated methyl-alcoholic alkali on ethyl aoc'- 
dibromosuberate should pursue a course similar to that observed 
in the pimelic acid series. 

The bromination of suberic acid has been investigated by Gauthier, 
Hell, and Rempel (Ber., 1882,15, 149; 1885,18, 814), who isolated 
a dibromo-acid of m. p. 173°. aa'-Dibromosuberic acid (I) should exist 
in meso- and racemic modifications, and a second form, m. p. 118— 
120°, has now been isolated. Both forms are produced together in 
the ordinary Hell-Volhard process of bromination, the less fusible 
acid in the greater quantity. 

It appears impossible at present to assign configurations to these 
two acids, because, on treatment with dilute alkalis, both yield the 
same aa'-dihydroxysuberic acid (II), so that in one case or the 
other an inversion must occur at one of the two asymmetric carbon 
atoms. 

Owform) t CH 2]4<c|(0H)’c05a *“ *** 
(I.) (II.) 

By the action of alcoholic alkali on the less fusible dibromo- 
acid, Hell and Rempel {loc. cit.) obtained an acid, C 8 H 10 O 4 , which 


rnn i ^CHBHXXH 
[CH 2 ] 4 < CHBr . C0 g 
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they termed tfi suberoeolic acid/ 5 but they were unable to ascertain 
whether it was a doubly unsaturated open-chain acid (III) or a 
cyclo hexene acid such as (IV). It has now been found that the acid 
has an open-chain structure, for, on partial reduction, it forms a 
dihydro-derivative which is still unsaturated, and on vigorous 
reduction gives suberic acid. 

S -CHICH'COgH CH 2 *CH 2 ^*C0 2 H CH 2 -CH“C-C0 2 H 

•ch:ch*co 2 h ch 2 -ch 2 -c*co 2 h ch 2 -ch 2 *ch-co 2 h 

(in.) (IV.) (V.) 


The acids (IV) and (V) are, however, produced along with (III) 
when ethyl dibromosuberate is treated with concentrated alkalis 
under the conditions described in the experimental part of this paper. 
It is probable that (IV) is the first product, although it changes into 
(V) to a large extent under the conditions employed in its formation. 

The cyclic acids had previously been prepared by the reduction 
of benzene derivatives, and Baeyer observed the conversion of (IV) 
into (V) by the action of alkalis {Annalen, 1890, 258, 209). He 
appears, however, to have regarded the change as complete, whereas, 
actually, the action is a balanced one, the acid (V) undergoing 
limited conversion into (IV) under identical experimental conditions. 

When methyl-alcoholic alkali is used, considerable quantities 
of the meso- and racemic forms of the dimethoxy-acid 
C0 2 H*CH(0Me)-[CH 2 ] 4 -CH(0Me)-C0 2 H (VL) 
are produced in agreement with the prediction made in the 
preceding paper. 

The general rules deduced in the preceding parts of this series 
suggest that the principal product of the action of concentrated 
methyl-alcoholic alkali on ethyl aa'-dibromoazelate (VII) should be 
the dimethoxy-acid (VIII) (in which the methoxyl groups occupy 
1: 9-positions) and that the by-products, if any, should consist of 
the dihydroxy-acid (IX) and the unsaturated acid (X). Further, 
it is not to be expected that cycfoheptane ring closure would take 
place to any considerable extent, although some might occur, as 
in the c^dobutane series (Part II); an acid of constitution (XI) 
(if formed) might pass intp its open-chain ketonic isomeride (XII). 


rixr /CH^CH^CHBr-CO^t ^CH^CH^CHfOMeJ-COsH 

o±t 2 ^ rH ^ H . nFrar .no 2 Et Li± ^CH 2 -CH 2 *CH(0Me)-C05 

' (VIH.) 


(vn.) 





(0H)-C0 2 H 


•co 2 h 


CH /CHj-CH^CO-COsjH 
s ^CH,-CH 2 *CH,-C0 2 H 

(XII.) 
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The experiments now described show that under the conditions 
of hydrolysis which have been uniformly employed during these 
investigations the dibromo-ester (VII) is converted to the extent 
of at least 80% into a mixture of meso- and racemic methoxy-acids 
of formula (VTII) in striking agreement with the conclusions sum¬ 
marised in the preceding paper. Considerable difficulty was experi¬ 
enced in isolating the by-products of the reaction, but the dihydroxy- 
acid (IX) was obtained as a mixture of meso- and racemic isomerides, 
and an unsaturated acid, which may have been (X), was present. 
The production of the ring-acid (XI) could not be established with 
certainty, but an acid which appears to have the open-chain ketonic 
structure (XU) was isolated. 

Experimental. 

Suberic acid was prepared from castor oil, as described by Baker 
and Ingold (J., 1923,123, 128). 

oca' -Dibromosuberic Acid (A-form). —Suberic acid (60 g.) was 
warmed with 60 c.c. of thionyl chloride until sulphur dioxide ceased 
to be evolved, and the product treated on the steam-bath with 
45 c.c. of bromine, added gradually to keep pace with the absorp¬ 
tion. The product was poured into absolute formic acid and 
boiled until carbon monoxide ceased to be evolved; on cooling, 
60 g. of the dibromo-acid, m. p. 160—170°, separated. " After two 
crystallisations from water, this acid melted at 172—173° (Found: 
Br, 48-3. Calc.: Br, 48*2%). 

aa' -Dibromosuberic Acid (B-form). —The formic acid mother- 
liquors were evaporated, and the pasty residue was drained on 
porous porcelain, and extracted with boiling chloroform until the 
m. p. of the undissolved portion rose above 160°. (This, after 
crystallisation from water, yielded a further 6 g. of the A-acid.) 
The residue from the chloroform solution was drained and crystal¬ 
lised several times from the same solvent; 20 g. of B-acid, m. p. 
120—121°, were thus obtained (Found : Br, 48*0, C 8 H 12 0 4 Br 2 
requires Br, 48*2%). 

Ethyl aa' -Dibromosuberate. —Suberic acid (60 g.) was brominated 
as before, and the product poured into ethyl alcohol. The ester was 
extracted with ether after the addition of water, washed with dilute 
sodium carbonate solution, and distilled. It boiled constantly at 
230°/31 mm., the yield being almost theoretical (Found : Br, 41*0. 
Ci 2 ^ 0 O 4 Br 2 requires Br, 41*2%). 

cccc'-Dihydroxysuberic Acid .—This substance is formed when either 
the A- or the B-form of aa'-dibromosuberie acid is boiled with 
2X-aqueous sodium carbonate. The product, which is extracted 
with ether after acidification, is purified through the barium salt, 
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and thus obtained as a colourless gum which sets to a hard, crystal¬ 
line mass, m. p. 166—168°, during the course of several months 
(Found : C, 46-8; H, 6-8. C 8 Hi 4 0 6 requires C, 46*6; H, 6*8%). 

Suberocolic Acid, —Ethyl aa'-dibromosuberate was treated with 
6N -methyl-alcoholic potassium hydroxide under conditions com¬ 
parable with those used in the previous investigations of this series. 
The cooled product was mixed with an equal volume of absolute 
ethyl alcohol, and the insoluble salts were collected, washed with 
ethyl alcohol, drained, dissolved in the minimal amount of water, 
and decomposed with concentrated hydrochloric acid. The spar¬ 
ingly soluble acid thus obtained was crystallised from boiling water 
(100 parts), from which it separated in branched needles, m. p. 253° 
(decomp.)—a considerably higher m. p. than that recorded by Hell 
and E-empel (Found : C, 56*5; H, 5-9. Calc.: C, 56*5; H, 5*9%). 
The yield was 11% of the theoretical. 

Oxidation of Suberocolic Acid, —On oxidation with alkaline 
permanganate, suberocolic acid gives (as it should) succinic and 
oxalic acids, but not in the expected yields. In one experiment, 
0*8 g., on treatment with 140 c.c. of 3% permanganate (7 atoms of 
available oxygen), gave 0*5 g. of calcium oxalate (theory, 1*2 g.) 
and 0*3 g. of succinic acid (theory, 0*55 g.). 

Reduction of Suberocolic Acid. —The acid (0*5 g.) was reduced 
with 30 g. of 4% sodium amalgam on the steam-bath during 3 hours. 
After the mercury had been removed, the solution was acidified and 
extracted with much ether. 

Dihydrosuberocolic Acid (A-form). —The residue from the ether, 
after draining on porous porcelain, melted at 125—160°. After 
twice crystallising from water, small rosettes of needles were 
obtained, m. p. 170° (Found: C, 55*6; H, 7*0. C 8 H 12 0 4 requires 
C, 55-8; H, 7*0%). The acid instantly decolorises cold alkaline 
permanganate, and on vigorous reduction (see below) yields suberic 
acid. 

Dihydrosuberocolic Acid (B-form ).—This acid is formed along with 
suberic acid when suberocolic acid is reduced by boiling an aqueous 
solution with 50 g. of 4% sodium amalgam, added gradually during 
4 hours. It separates from water in needles, m. p. 125° (Found: 
C, 55*7; H, 7*0%). The acid instantly decolorises cold alkaline 
permanganate, and on prolonged boiling with water and sodium 
amalgam yields suberic acid. 

Suberic acid was separated from the B-form of dihydrosuberocolic 
amd by fractional crystallisation from hot water, and was identified 
jjfcf : C, 55*1 ; H, 8*0. Calc.: C, 55-2 ; H, 8*0%) 

v ffEti by <x>mparison with a genuine specimen. 

P b^-€^AcKffezene-l; 2-dicarboxylic Add .—The aqueous filtrate 
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from the suberocolic acid was extracted with ether, the residue 
obtained on evaporating the ether was rubbed with water, and the 
filtered solution evaporated in a vacuum. The residue obtained on 
evaporating the alcoholic solution with water was extracted with 
ether after acidification, and the residue from the concentrated and 
filtered ethereal solution was fractionally crystallised from ether. 
The combined residues were evaporated with water on the water- 
bath, and the crystals obtained after partial esterification of the 
residue were crystallised from water and identified by their proper¬ 
ties, by analysis (Found: C, 56*3; H, 6*0. Calc.: C, 56*5; 
H, 5*9%), and by the m. p. of the anhydride (74°) prepared from 
them. 

IS^-cycloHexene-l : 2 -dicarboxylic Acid .—The acids separated by 
means of water contained this c?/cZohexene acid and suberocolic acid, 
which were separated by fractional crystallisation from water. The 
combined residues from the other ethereal and aqueous solutions 
were boiled with acetyl chloride for a short time, and the residue 
obtained by vacuum desiccation over potassium hydroxide was 
dissolved in ether and washed with sodium carbonate solution. 
The residue from the ether was dissolved in boiling water, from which 
the cyclohexene acid (4-7%) was obtained in a pure condition by 
evaporation and three crystallisations from water. It was identi¬ 
fied by its properties, by analysis (Found : C, 56*4; H, 6*0. Calc.: 
C, 56*5; H, 5*9%), and by conversion into the anhydride of the 
A 1 -acid, as described by Baeyer ( loc . cit.). 

olcc.'-D imethoxysuberic Acid (A-form ).—The sodium carbonate 
washings, on acidification and extraction with ether, yielded a 
mixture of acids which was separated into two fractions by boiling 
with ether. The sparingly soluble portion crystallised from a small 
amount of water in leaflets or rosettes of small needles (yield 20-4%), 
m. p. 145—146° (Found: C, 51*0; H, 7*6. C 10 H 18 O 6 requires 
C, 51*3; H, 7-7%). 

aa f -Dimethoxysvberic Acid (B-forrn ).—On subjecting the more 
soluble fraction to repeated fractional crystallisation, from ether 
and water alternately, a further quantity of A-acid was obtained, 
whilst the B-acid became concentrated in the mother-liquors, partly 
on account of its greater solubility, and partly because of its much 
slower speed of crystallisation. It was finally obtained (2-8%) as 
rosettes of needles, m. p. 117—118° (Found: C, 51-7; H, 7*6%), 

Azelaic acid was prepared by the oxidation of ricinoleic acid, as 
described by Baker and Ingold (J., 1923,123, 128), and dibromin- 
ated in the form of its acid chloride. The dibromo-ester prepared 
from the dibromo-chloride was hydrolysed with 6A-methyl-alcoholic 
potassium hydroxide, as described in the earlier investigations of 
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tMs series. The acid product, a yellow syrup, was treated in 
various ways in the hope of inducing crystallisation, but without 
success, and it was therefore esterified with ethyl alcohol, and the 
ester carefully fractionated under reduced pressure, through a short 
column. After four distillations, the following fractions were 
obtained: 

(i). (ii). (iii). (iv). (v). Residue. 

B.p./30 

mm. ... 198—205° 205—218° 218—221° 221-240° 240—260° 260° 

Wt. (g.) ... 5-2 7-9 125-3 6-9 4-4 6-0 

G./degree 0-7 0-6 41-8 0-4 0-2 — 


oca-Dimethoxyazelaic Acid (II).—The main fraction (iii), b. p. 
218°/30 mm., on redistillation boiled mainly at 218—219°/30 mm. 
(Found: C, 58*9; H, 9-3. Ethyl dimethoxyazelate , C 15 H 28 0 6 , 
requires C, 59*2; H, 9*2%). Both the main fraction and the central 
fraction gave on hydrolysis by hydrochloric acid a liquid mixture 
of the meso - and racemic forms of a a' -dimethoxyazelaic acid (Found : 
0, 52-8; H, 8*4. Gi^H^Oe requires C, 53*2 ; H, 8-0%), which, even 
after purification through the silver salt (Found: Ag, 46*5. 
C n H 18 0 6 Ag 2 requires Ag, 46*8%), could not be induced to solidify, 
and was therefore digested with thionyl chloride until sulphur 
dioxide ceased to be evolved. After the excess of thionyl chloride 
had been removed in a vacuum at 100°, the acid chloride was dis¬ 
solved in ether and treated with dry ammonia; a crystalline 
precipitate, which, however, was a mixture of isomerides, was then 
obtained. Repeated crystallisation from water yielded one of the 
individuals in a pure condition as small plates, m. p. 164—165° 
(Found : C, 54*0; H, 8-6. C 11 H 22 0 4 N' 2 requires C, 53*7; H, 8*8%). 
The same oca '-dimethoxyazelamide was obtained by digesting the ester 
with aqueous ammonia (d 0*880) for a month. Stellate clusters of 
crystals were formed which, after two crystallisations from water 


and one from ethyl acetate, gave small plates identical with the 
above. The more soluble isomeride could not be isolated in a pure 
condition. Crystals of the correct composition, having m. p. 
143—146°, were obtained, but as in the course of numerous crystal¬ 
lisations small amounts of the amide, m. p. 164—165°, were obtained 
from them, they were concluded to be a difficultly separable mixture. 

-Dihydroxyazelaic Acid (HI).—Fractions (iv) and (v) obtained 
in the above preparation were combined with corresponding fractions 
in three similar experiments and fractionally distilled four times. 
Ethyl ocol'- dihydroxyazelate, b.p. 235—240°/16 mm., was thus obtained 
(3*7 g.) (Found: C, 56-9; H, 8*9. C-^H^Og requires C, 56*5; 

K %). The acid obtained from it by hydrolysis with hydros 
acid was a clear syrup which did not solidify, and from which 
sialline amide could be prepared (Found: C, 49*4; H, 7*7. 
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C 9 EE 16 0 6 requires C, 49*1; H, 7*3%. Found lor the silver salt]: 
Ag, 49*7. C 9 H 14 G 6 Ag 2 requires Ag, 50*2%). 

OL-Xetoazelaio Acid (VI).—Fractions (i) and (ii) obtained in the 
preceding preparations gave on hydrolysis with m i n eral acids a 
syrupy acid which instantly decolorised cold alkaline permanganate, 
but the only crystalline products which could be obtained from it 
had not this property. Fractional distillation of the esters yielded 
no fraction of constant boiling point, and treatment with ammonia 
gave an impure mixture of amides from which only the dimethoxy- 
amide described above could be isolated. By hydrolysis of a frac¬ 
tion, b. p. 198—205°/23 mm., however, an acid was obtained which 
partly solidified after several months. On crystallisation from ether, 
rosettes of needles, m. p. 175°, were obtained (Found by micro¬ 
analysis : C, 53*5, 53*7; H, 7*1, 7*1. C 9 H 14 0 5 requires C, 53*4; 
H, 7*0%). The amount obtained (0*05 g.) was insufficient for a 
detailed examination, but since the substance resembled a-keto- 
glutaric acid in giving a dull reddish-brown colour with ferric 
chloride, it is believed to be a-ketoazelaic acid, and not the isomeric 
hydroxycycZoheptane acid. 

We desire to record our thanks to the Royal Society for a grant 
with the aid of which some of the expense of this investigation has 
been defrayed. 

The University, Leeds. [ Received , February 1 6th, 1926.] 


CXCIII .—The Mechanism of Tautomeric Interchange 
and the Effect of Structure on Mobility and 
Equilibrium . Part I . The Three-carbon System . 

By Christopher Kelk Ingold, Charles William Shoppee, and 
Jocelyn Field Thorpe. 

It has been shown (Birch, Kon, and Norris, J., 1923, 123, 1361; 
Birch and Kon, ibid., p. 2440; Kon and Linstead, J., 1925, 127, 
616, 815) that the mobility of the three-carbon system, which 
reaches a maximum in glutaconic esters (Type X), is also exhibited 
to a more limited degree in ap- and py-unsaturated esters (Type II), 
in which only one terminal carbethoxyl group is present, and in 
analogous unsaturated ketones and nitriles. This paper deals 
with the general question of the influence of substituents on 
tautomeric mobility, and includes a study of the case in which, 
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in addition to one terminal carbethoxyl group, a second carb¬ 
ethoxyl group is attached to the central atom of the "three-carbon 
system (Type III). 

X-C(H)- X-C- -C(H)- 

c- Q- h’ ^ 9* 

X-fr X-C(H)- X-C- X-C(H)- 

(Type I.) (Type II.) 

X = C0 2 Et 

A noteworthy contrast between systems (I) and (II) is that, 
whilst compounds of type (I) (glutaconic esters) usually attain 
equilibrium in the absence of an added reagent so that the isomeric 
forms cannot be isolated as distinct individuals, substances belong¬ 
ing to type (II) frequently require the addition of an alkaline 
catalyst, such as alcoholic sodium ethoxide, to bring about inter- 
conversion of the forms. Type III is found to resemble type II 
in this respect; on the other hand, there are important differences 
between these two types in the general character of the equilibria 
to which they attain. 

Citraeonic and itabonic esters (IV and V) belong to type III, 
and they can, of course, be obtained as distinct individuals. There 
are, however, definite indications of their interconvertibility in the 
presence of alcoholic sodium ethoxide. Thus Hope found (J., 
1912, 101, 894) that if citraeonic ester were treated with ethyl 
sodiomalonate in ether or benzene, the normal addition compound 
(VI) was formed; whereas if he used alcohol as solvent, an isomeric 
ester (VH) was obtained, which could also be prepared directly 
from itaeonic ester. 


?(H)- 

1 — X ‘? 

> X-C(H)- 

(Type in.) 


9 ^ 

C-COjEt 

CH-COgEt 


9<X> 2 Et 

CH 2 -C0 2 Et 


9H S 

CH-C0 2 Et 

9'H-C0 2 Et 

CH(CG 2 Et) 2 

(vi!) 


CH(C0 2 Et), 

9 ^ 

OH-C0 2 Et 

CH 2 *C0 2 Et 


A re-examination of this reaction has shown that both the ester 
(VI) and its isomeride (VU) are formed from either citraeonic or 
itaconie ester under a considerable variety of conditions, e.g. y by 
treatment with an equivalent or a large excess of sodium ethoxide 
in cold or in hot ethyl alcohol, or with sodium in boiling benzene. 
Under other conditions, only one isomeride could actually he 
-ieto^ted in the pure condition, the formation of the other being 
gJjWWWhrf- hy the production of derivatives. 

|| | IJhese experiments, a fuller account of which is given below, 
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strongly emphasise the suggestion that citraconic and itaconic 
esters are tautomeric in the presence of sodium ethoxide, just as 
are the esters (and nitriles, etc.) of type II previously discussed. 
Hope, however, advanced the opinion that the interconversion in 
the presence of sodium ethoxide might take place through the 
adding on and splitting off of alcohol in accordance with the 
following scheme, and he succeeded in isolating an ethoxy-derivative 
to which formula (VIH) was assigned. 

(W.) ^ CH 3 -C(0Et)(C0 2 Et)-CH 2 *C0 2 Et (VIH.) ^ (V.) 

This view has, of course, the same mechanical simplicity as 
other “ adding on and splitting off ” theories of isomeric change, 
and it is necessary to explain why we regarded it as improbable. 
First it has been shown (E. H. Ingold, J., 1925, 127, 469) that 
although, in reversible addition reactions, fission corresponding 
with addition in the direction favoured by polar influences is in 
general readily effected, yet fission corresponding with addition in 
a non-favoured direction takes place with difficulty or not at all. 
The conversion of (VIII) into (V), involving as it does the removal 
of a (3-ethoxy 1 group along with an a-hydrogen atom, would be a 
fission of the latter class, and would certainly not take place under 
the experimental conditions employed. Secondly, in all alcohol- 
additions to unsaturated esters, the ethoxyl group takes up the 
same position as does the —CH(C0 2 Et) 2 group in the correspond¬ 
ing additions of ethyl malonate. Hence, regarding the malonic 
ester addition products (VI) and (VII) as derived from (IV) and 
(V), respectively, we see that if citraconic ester formed an ethoxy- 
compound it should have formula (IX), whilst if itaconic ester gave 
one it should have formula (X); and either of these on losing 
alcohol would, of course, pass back into the ester from which it 
was derived. Thus, not only would an ester of constitution (VIII) 
not be formed, but, even if it were, it would not undergo the 
changes which it was invented to explain. 

CH3*CH(C0 2 Et)-CH(0Et)-C0 2 Et 0Et-CHo*CH(C0 2 Et)-CH 9 -C0 2 Et 
(IX.) " (X.) 

Proof that Hope's ethoxy-ester has in reality formula (X) was 
obtained by converting the corresponding ethoxy-acid (XI) with 
hydrobromic and hydriodic acids into the bromo-acid (XII) and 
the iodo-acid (XHI), respectively, and into the lactone (paraconic 
acid) of the hydroxy-acid (XIV), all of which were identified by 
comparison with specimens synthesised for the purpose. The 
isomeric bromo- and hydroxy-acids corresponding with the ethoxy- 
esters (VUE) and (IX) are known and their m. p.'s and properties 
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are such that they could not be confused with the substances 
obtained.* 


0Et-CH 2 *CH(C0 2 H)-CHo-C0 2 H 

(XI.) 

CH2l*CH(C0 2 H)'CH 2 *C0 2 H 

(xra.) 


CHsBr-CHfCOgHJ-C^-COoH 

(XII.) 

OH-CH^CHfCOgHJ-CHa-COoH 

(XIV.) 


Thus, there is no evidence that an ethoxy-ester intervenes in the 
conversion of citraconic ester into itaconic ester; on the contrary, 
itaconic ester obviously must intervene in the conversion of citra¬ 
conic ester into the ethoxy-ester obtained; and, naturally, the 
same ethoxy-ester can be obtained from itaeonic ester directly. 

Our view of the effect of sodium ethoxide and other alkaline 
reagents in promoting the interconversion of these and the other 
three-carbon tautomerides is best made clear by reference to a 
recent paper by Holmes and Ingold (this vol., p. 1305), in which it 
is shown that a hydrogen atom attached to a hydrocarbon radical 
may be extracted in the form of its ion (that is, the nucleus only) 
by the action of a powerful negative ion such as hydroxyl, and 
that this process is facilitated if the hydrogen atom is already in a 
state of incipient ionisation owing to the presence in the molecule 
of a group (electron-sink) which exerts a pull on the electrons 
involved in binding the hydrogen atom. How the carbethoxyl 
group, like all groups which are m-directive in aromatic substitu¬ 
tion, is regarded as a powerful electron-sink (compare Allen, Oxford, 
Robinson, and Smith, this vol., p. 401; Ingold and Ingold, ibid., 
p. 1310), and hence the “ mobile hydrogen atom ” in citraconic 
and itaconic ester, and in similar pairs of three-carbon tautomerides, 
may be assumed to be in a state of incipient ionisation owing to 
small electron displacements in the directions 

jT\ (\ ]T\ 

(XV.) f CH 2 —C=C—C^=0 and CH 2 =C—(>-0=0 (XVI.)t 

(Y> (k (a) I (?) (J3) (a) I 

OEt OEt 

The former scheme is precisely similar to that given by Ingold 
and Ingold for m-substitution in the benzene ring (loc. cit. 3 Case 2, 
p. 1312). The conditions under which the isomeric change may 
occur will now depend entirely on the extent to which this pre¬ 
liminary loosening of the potential hydrogen ion has taken place. 

* Dr. Hope, to whom these data were privately communicated, is in 
I,*}complete agreement with the structural conclusions. 

Ill ©splanation of symbols, see Ingold and Ihgold, loc . cit, a p. 1312, 
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If incipient ionisation is considerable, mere loose combination with 
neutral solvent molecules (ordinary hydrion solvation) will be 
sufficient to draw the hydrogen nucleus away. If, on the other 
hand, it is slight, the more powerful attraction of a negative ion 
will be required to effect removal, and it is in this way, we believe, 
that sodium ethoxide, a source of negative ethoxyl ions, acts in 
facilitating the interconversion of three-carbon tautomerides. As 
the hydrogen nucleus is drawn away, so the electron displacements, 
originally minute, are enabled to progress in the sense of formulae 
(XV) and (XVI), until, when ionic dissociation is complete, the 
displacement also is complete, the negative ionic charge appearing 
on the oxygen atom; thus (XV) and (XVI) give the common ion 

(xvn). 

>0 ./I 

CH 2 —C—C=C - 6 (XVII.) 

2 v I 

Cy) 03) (a) 5Et 

The second half of the process, the recombination of the negative 
ion (XVII) with hydrion, is similarly comparable with op-substitu¬ 
tion, the ion (XVII) corresponding in structure with a phenoxide 
ion loc . cit. 9 Case 1, p. 1312). In each of these ions there is assumed 
to. be a weak tendency towards a return of the electrons, giving 
(in different electromeric phases) small negative charges in the 
a- and y- (or o- and p-) positions, to which, therefore, either positive 
ions, or the positive ends of incipiently ionised molecules, become 
attracted. In the case now under consideration, the positive ions 
would be solvated hydrions, and as combination proceeds, so the 
electrons would be drawn back in the sense of formula (XVII) until 
either the neutral molecule (XV) or its isomeride (XVI) is regenerated 
(compare with diazo-coupling) .* Or, an incipiently ionised mole¬ 
cule, such as water or alcohol, may be attracted, and the positive 
end of it (hydrogen) transferred to the three-carbon system by 
reaction in a cycle (compare with op-nitration, loc . cit .). 

This view of activation in tautomeric change represents a rational 
development of principles previously formulated by E. H. Ingold 
( Ghem . and Ind ., 1923, 42, 1246),f and we would apply it not only 

* The hydrions will, of course, also approach and combine with the 
negatively charged oxygen atom, but this produces no new isolable isomeride 
and is easily reversible (ordinary ionic dissociation). It is the circumstance 
that, when the hydrion approaches C a or C y the electrons return along the 
chain to that point and so bind the hydrion, which (according to this view) 
gives to the aj8- and jS 7 -unsaturated isomerides their stability as individuals. 

f Read to Section B of the British Association at Liverpool, September, 
1923. 
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to three-carbon tautomerism, but also, with appropriate modi¬ 
fications, to all other mobile-hydrogen tautomeric systems, including 
ring-chain systems. Illustrations of its applications are, however, 
now confined to certain effects of structure on three-carbon 
tautomerism. 

The effect of the terminal groups on the mobility of the three- 
carbon system (compare inter alia , Ingold and Rggott, J., 1922, 
121, 2381; Birch, Kon, and Norris, loc . cit.) may readily be cor¬ 
related with directive action in benzene substitution. Thus the 
smaller mobility of systems terminated by a carbethoxyl or carb¬ 
oxyl group, as compared with similar systems terminated by an 
acetyl group, is regarded as due to the competition : 

0 ^ 

C"\ il'V' - ') 

(3-C-system)-C——OEt 

This is only a particular case of the general principle that the 
greater the electron-giving tendency possessed by a group It (as 
indicated by its op-directive power in aromatic substitution) the 
smaller will be the mobility of a three-carbon system terminated 
by -COR. Thus the sequence NH 2 >0H>Cl>CH 3 >H>C0 2 Et 
for op-directive power leads to the sequence 


COoEt H CTh 

I - >~\ I >~\T ‘ 
—c:o —c:o —-c:o 




for the enhancement of three-carbon mobility. Similar series apply 
to related phenomena discussed by E. H. Ingold (foe. cit.) and, 
in passing, it may be noticed that the difference -COC1 > -COOH 
is utilised in the Hell-Volhard method of brominating aliphatic 
acids through their chlorides. The reason for the greater mobility 
of three-carbon systems in which there are two terminal carbethoxyl 
groups (glutaconic esters, type I) as compared with those in which 
there is only one (types II and III) is too obvious to require 
elaboration. 

A general discussion of the effect of groups on the three-carbon 
equilibrium would necessarily be lengthy, but the method of treat¬ 
ment can be illustrated by means of a few examples. In the 
simple case of a three-carbon system activated by one terminal 
group, say a carboxyl group, six types of modification by substi¬ 
tution are possible, since either an op-directive group (electron 
source) or a m-directive group (electron-sink:) might be introduced 
into either the a-, or the 0-, or the y-position. 

As iEustabMcm, wemay consider the introduction of an electron 
ll^ajc into the 0-position, the effect of which is to displace the 
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equilibrium in the direction favouring the (3y-unsaturated isomeride. 
For example, the isomeric changes 

fiH* CH 3 £H 2 0H 3 

OH CH and 0-C0 2 R +— £j-C0 2 R 

CH 2 *C0 2 R ch*co 2 r ch 2 -co 2 r ch*co 2 r 

(Type IX.) (Type III.) 

form a striking contrast (compare also Raeyer, Annalen, 1890, 258, 
165; Hassell and Ingold, this vol., p. 1465; Goss and Ingold, ibid., 
p. 1471). The reason for this effect is clearly seen if we consider the 
return of the electrons in the ion (XVII). Two routes are originally 
open, (a) and (b) (XVHI), but one of these (a) clashes with path (c) 
provided by the (3-group; hence the hydrogen ion combines pre¬ 
ferentially at the a-carbon atom : 


ROC—O 




ch 2 = 

<v> 


X 


=c—C=C—O' 
08) («) ) I 

<« 


X' Or 


(XVIII.) 


Similarly, in aromatic substitution, the introduction of a m-directing 
group in the m-position to a powerful op-directing group tends to 
facilitate substitution in the position between the two groups. 

Again, the introduction of an op-directing group (electron source) 
in the y-position will oppose (a), and in the absence of disturbing 
factors should therefore favour the Py-unsaturated isomeride. 
y-Alkyl groups are known to have this effect (compare inter alia , 
Wailach, Annalen, 1912, 394, 376; Beesley, Ingold, and Thorpe, J., 
1915,107,1080; Birch, Kon, and Norris, loc. tit .; Kon and Linstead, 
loc. tit.). Analogous considerations may be applied to other cases, 
and the comparison with aromatic substitution obviously gives great 
scope for the prediction of the relative magnitude as well as the 
direction of the effect to be expected from different substitutions in 
different positions. 

The analogy between tautomerism and reversible additive 
reactions has been emphasised in a number of recent memoirs, 
and a discussion of the application of these views to that subject 
will be given in an ensuing paper. 

Experimental. 

Citraconic anhydride was obtained (3 kg.) from citric acid, and 
the fraction, b. p. 204—205°/760 mm., esterified as described 
by Hope. It is important to distil the anhydride under ordinary 
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pressure to isomerise any itaconic anhydride. The ethyl citraconate 
had b. p. 118—120°/20 mm. (yield, 80%). Ethyl itaeonate, b. p. 
119—120°/20 mm., was prepared from itaconic acid. 

Addition of Ethyl Sodiomalonate to Ethyl Citraconate and Ethyl 
Itaeonate and Separation of the Products .—Ethyl sodiomalonate was 
prepared in the usual manner, with ethyl alcohol as solvent and 
the theoretical quantity of sodium, and the ethyl citraconate 
(1 mol.) added, the temperature being kept at 15°. After 24 hours, 
the pale yellow product was poured into water, and the product 
extracted with ether and washed with sodium carbonate. The 
residue obtained on evaporation of the ether was subjected to a 
long series of fractional distillations, as a result of which it was 
partly separated into two products : (a) b. p. 198—199°/10 mm., 
and (6) b. p. 190—191°/10 mm. The former (a) was ethyl w-butane- 
aj35$-tetracarboxylate, since on hydrolysis by hydrochloric acid it 
gave w-butane-apS-tricarboxylic acid, m. p. 121°, which was identified 
by comparison with a specimen prepared by hydrolysing the pro¬ 
duct of condensing ethyl sodioethanetricarboxylate with ethyl 
P-iodopropionate. The fraction (b) consisted of ethyl w - butane- 
aapy-tetracarboxylate, since on hydrolysis it gave tfraws-a-methyl- 
tricarballylic acid, m. p. 185°. 

In view of the unsatisfactory character of this separation, the 
crude product obtained from the condensation of 525 g, of citraconic 
ester and 455 g. of ethyl malonate was treated in the following 
manner. An ethereal solution was shaken with 2Af-aqueous sodium 
hydroxide and then mixed with 100 c.c. of ice-water and 50 c.c. 
of 50% potassium hydroxide. This alkaline solution was extracted 
twice with ether, the combined ethereal extracts were evaporated, 
and the residue was fractionally distilled. A first fraction (8 g.) 
had b. p. 140—180°/12 mm., and the main fraction (22 g.) b. p. 
180—192°/12 mm,; on redistillation, this gave a colourless oil 
(20 g.), b. p. 189—190°/11 mm., consisting of ethyl w-butane- 
aapy-tetracarboxylate (Found: G, 55*5; H, 7-5. Calc.: C, 55*5; 
H, 7*5%), since it yielded w-butane-apy-tricarboxylic acid on 
hydrolysis. The potassium hydroxide solution was acidified and 
extracted with ether, and the extract washed thoroughly with 
saturated aqueous sodium hydrogen carbonate. On evaporation 
of the extract, an oil (15 g.) was obtained, which on distillation 
gave a fraction (6*5 g.), b. p. 205—210°/lo mm., consisting of ethyl 
c^cfopentan-3-one-l: 2 :4-tricarboxylate. On boiling this with 
hydrochloric acid for one hour and evaporating the solution, cyclo- 
pentanone-3-carboxylic acid, m. p. 62—64°, b. p. 170—174°/I7 mm., 
was obtained. The more volatile ester fraction (5 g.), b. p. below 
|^K^/I5 mm., contained the ethyl c^cZopentanonedicarboxylate and 
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ethyl cg/cZopentanonecarboxylate described below. The sodium 
hydrogen carbonate solution was acidified with hydrochloric acid 
and extracted with ether, and the residue (60 g.) from the extract 
esterified with ethyl alcohol and sulphuric acid in the usual maimer. 
An ethereal solution of the esters so obtained was washed with 
aqueous sodium hydrogen carbonate and then with aqueous potass¬ 
ium hydroxide at 0°. The ester (20 g.) on fractional distillation 
gave 12 g. of an oil, b. p. 200—204°/12 mm., consisting of ethyl 
7i-butane-aP$8-tetracarboxylate (Found : C, 54-7; ]Nf, 7-4. Calc.; 
C, 55-5; H, 7*5%), since on hydrolysis only 7j-butane-a£8-tricarb- 
oxylic acid was obtained. The sodium hydroxide solution was 
acidified with hydrochloric acid and extracted with ether, and the 
extract washed with aqueous sodium hydrogen carbonate and then 
with ice-cold 10% aqueous potassium hydroxide. The ether extract 
on evaporation gave a resin. The potassium hydroxide solution 
was acidified and extracted with ether; ethyl c^cZopentanone- 
1:2: 4-tricarboxylate was then obtained. The sodium hydrogen 
carbonate solution was reacidified with hydrochloric acid, and the 
product obtained on extraction with ether was esterified with alcohol 
and sulphuric acid. The esters, after being washed in ethereal 
solution with aqueous sodium hydroxide and distilled, yielded, in 
addition to a small amount of substance, b. p. below 140°, a main 
fraction, b. p. 210—245°/12 mm., consisting essentially of ethyl 
dicarboxycycZopentenylmalonate (see below). The sodium hydr¬ 
oxide solution was treated at 0° with excess of carbon dioxide, 
and the oil thus precipitated was extracted with ether. The 
residue from the ether on distillation gave a small fraction, b. p. 
below 145712 mm., and a main fraction, b. p. 145—154°/12 mm., 
consisting of ethyl cycZopentanonedicarboxylate (see below). The 
carbonated solution was rendered acid, and the product extracted 
with ether and re-esterified with alcohol and sulphuric acid. The 
esters so obtained, after being washed in ethereal solution with 
alkali and distilled, gave principally a fraction, b. p. 230—240°/12 
mm., consisting mainly of ethyl dicarboxycycfopentenylmalonate. 

The various “low” fractions mentioned in the course of the 
foregoing account were combined and examined. They consisted 
principally of unaltered ethyl malonate, ethyl mesaconate, and 
ethyl itaconate, a possible indication of the reversibility of the 
reaction. 

The same nine substances, namely, ethyl malonate, itaconate, 
mesaconate, butane-ocapy-tetracarboxylate, butane-afJSS-tetracarb- 
oxylate, cycZopentanone-mono-, -di-, and -tri-carboxylate, and 
dicarboxyc^cfopentenylmalonate, were obtained, by the same 
method of separation, when the original condensation was carried 
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out at 80°, and also when ethyl itaconate was substituted for ethyl 
eitraconate in either experiment. Similar condensations carried 
out with itaconic and with citraconic ester, both at 15° and at 80°, 
with the difference that the quantity of sodium employed was 
twice the theoretical, yielded the same products, together with a 
pale yellow mixture of sodium compounds the nature of which has 
not yet been elucidated. Other condensations were carried out in 
boiling benzene as the solvent, the ethyl sodiomalonate being 
prepared from c< molecular 55 sodium and ethyl malonate. When 
ethyl eitraconate was used, not only ethyl butane-aapy-tetracarb- 
oxylate, but also apSS-tetracarboxylate and the eyefopentane-esters 
were obtained. The use of excess of sodium made no difference to 
these results, and the yellow sodium compounds were not obtained 
as when alcohol was used as solvent. Other condensations were 
effected by the aid of molecular sodium (1 mol.) in dry ether. In 
this case, using ethyl eitraconate, ethyl butane-a a Py-tetr acarboxylate 
was obtained in 80% yield, and the a(3SS-ester was not isolated; 
but it must have intervened in the production of ethyl cycZopentan- 
onetricarboxylate, which was identified by hydrolysis to cyclo- 
pentane-3-carboxylic acid, m. p. 62°. The use of excess of sodium 
did not affect this result. Similar experiments using ethyl itaconate 
in place of ethyl eitraconate led to 65—75% yields of ethyl ^-butane- 
apSS-tetracarboxylate, which was identified through its amide 
(m. p. 255°; compare Michael and Schulthess, J. pr. Ohem 1892, 
45, 57) and hydrolysis product. The ci/cZopentane esters were also 
obtained, but ethyl 7i-butane-aapy-tetracarboxylate could not be 
identified. The presence of excess of sodium did not affect this 
result. 

It appears, therefore, that the mobility of the unsaturated esters 
is less in benzene and ether than in alcoholic sodium ethoxide, 
and that in ether particularly, possibly on account of its low b. p., 
there is very little interchange. 

The following compounds are new. 

Ethyl cyclopentano7ie-3-mrboxylMe is a colourless oil, b. p. 109— 
111°/10 mm. It gives no colour with ferric chloride (Pound: C, 
61-4; H, 7-7. requires C, 61-5; H, 7*7%). The semi- 

carbazone was prepared by means of semicarbazide acetate and 
crystallised from ethyl alcohol in needles, m. p. 153-5° (Found: 
C, 50-6; H, 7-2. CyB^gOgNg requires C, 50-7; H, 7-6%). The ester 
can be prepared by way of the acid chloride, which is obtained when 


phosphorus pentachloride acts on cycZopentanone-3-carboxylic acid. 

Ethyl ojolopmtanone-2 : 4 {or 2 : Z)-dicarboxylate has b. p. 150°/10 
m and I60°/18 mm. It gives a deep red colour with ferric 



(Pound : 0, 57*6; H, 7*3. 


C n H2o0 5 requires C, 57-8; 
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H, 7*0%). A semicar bazide could not be prepared. Onfhydro¬ 
lysing the ester with hydrochloric acid, c^cfopentanonecarboxylic 
acid, m. p. 64°, was obtained. 

Ethyl 2:4 (or 2:3)-Dicarbozycyclopentenylmalonate (or Ethyl 
2:4 [or 2 : 3] -dicarboxycjclopentylidenemalonaie) .—A number of 
crude specimens of this ester (51 g.) were combined and carefully 
distilled; 43 g. of a pure fraction, b. p. 240—245°/16 mm., were 
then obtained (Found: C, 58*3; H, 7*1. C 18 H 26 0 8 requires C, 
58*3; H, 7*1%).- The ester was unsaturated and gave no colour 
with ferric chloride. It showed an exaltation of refractivity of 
1*9 units for sodium light (%jf 1*46719; d 1*13273). The acid 
obtained on hydrolysis was a syrup, and may have been a mixture 
of the endocyclic and exocyelic unsaturated acids, since the parent 
ester would almost certainly be tautomeric. From the first frac¬ 
tions obtained in the distillation of the above ester, a semicarbazone 
was obtained which was identified with that described above, m. p. 
153-5°. 

Formation and Constitution of Ethyl - Ethoxymethylsuccinate ,— 
This ester may be prepared either from citraconic ester, as described 
by Hope, or from itaconic ester. Using Hope’s method, we found 
some difficulty in obtaining the ethoxy-ester free from unsaturated 
esters, but after a series of careful fractionations, about 15—20% 
of an ester, b. p. 137—140°/23 mm, was obtained which decolorised 
permanganate only slowly. It gave correct figures on analysis and 
on treatment with aqueous ammonia yielded w -ethoxymeihylsuccin- 
amide , which was isolated by evaporating the ammonia solution 
in a vacuum and crystallising the residue from water. Thus 
obtained, the amide formed prisms, m. p. 149—150° (Found: C, 
48*4; H, 7*8. CyH^OgNg requires C, 48*3; H, 8*0%). By the 
use of itaconic ester (20 g.), sodium (0*16 g.), and alcohol (96 c.c.), 
and by keeping the mixture at the ordinary temperature over¬ 
night, a product was obtained which, after four fractional dis¬ 
tillations, yielded 3 g. of an unsaturated ester, b. p, 130—135°/23 
mm., and 5 g, of an ester, b. p. 137—140°/23 mm., which only 
slowly decolorised alkaline permanganate. The unsaturated ester, 
on treatment with ammonia, was converted into mesaconamide, 
m. p. 176—177° (Found: C, 47*0; H, 6*3. Calc.: C, 46-9; H, 
6*2%) and must therefore have consisted largely of mesaconic ester. 
The saturated ester was evidently the same ethoxy-ester as that 
obtained from citraconic ester, since it gave the same amide, m, p. 
149—150°, on treatment with ammonia and the same acid on 
hydrolysis (Found: C, 56*6; H, 8*6. Calc.: C, 56-9; H, 8*6%). 
The ethoxy-acid obtained on hydrolysis had the m. p. and properties 
described by Hope. 
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tt-Iodopropane-$y’dicarboxylic Acid. —The ethoxy-acid (2 g.) was 
boiled for 2 hours with “ Zeisel ” hydriodie acid, and the ethyl 
iodide formed allowed to escape. The resulting solution was 
extracted with ether, and the extract washed with thiosulphate 
solution, dried, and evaporated. The residue immediately solidified 
with evolution of heat, and after crystallisation from ethyl acetate- 
ligroin had nu p. 138° (Found : C, 23*9; H, 2*7. Calc.: C, 23*2; 
H, 2*7%). It was identified by direct comparison and a mixed 
m. p. determination with a specimen of a-iodopropane-Py-dicarb- 
oxylic acid prepared for the purpose. 

QL-Br(mopropane-$y-dicarboxylic Acid. —The ethoxy-acid was boiled 
for 3 hours with hydrobromic acid (d 1*49), and the product extracted 
with ether. The residue obtained at once solidified, and after 
crystallisation from ethyl acetate-petrol had m. p. 137°. It was 
identified by the m. p. of a mixture with a genuine specimen. 

Paraconic Acid. —Both the iodo- and the bromo-acid were treated 
with excess of silver oxide in aqueous suspension; heat was gener¬ 
ated and the silver halide precipitated. The acid extracted with 
ether after addition of mineral acid solidified in an evacuated 
desiccator and then melted at 50—53°. After crystallisation from 
ether-chloroform, paraconic acid was obtained, m. p. 57°, and 
identified by direct comparison and a mixed m. p. determination 
with an authentic specimen. 

We take this opportunity to record our thanks to both the 
Chemical Society and the Royal Society for grants with the aid 
of which the cost of this investigation has been defrayed. 
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GXCIV .—The Constitution of Polysaccharides . Part 
IX. The Degradation of Cellulose to an Anhydro - 
trisaccharide . 

By James Colqtxhotjn Irvine and George James Robertson. 

In former papers from this laboratory it was shown that cotton 
cellulose is composed of 1:5-anhydroglucose residues * and the 
question was discussed as to the number of such residues present 
in the unpolymerised molecule of the polysaccharide. It was 

* See Appendix for discussion and revision of numerical nomenclature as 
applied throughout this paper. 
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pointed out (Irvine and Hirst, J., 1923, 123, 518) that the simplest 
view which satisfies the primary conditions is that cellulose is a 
polymerised di(l : 5-anhydroglucose) (be. tit., p. 524, Formula IV) 
but that a formula of this type is at variance with the highest 
authentic yield of cellobiose octa-acetate so far obtained from a 
normal cellulose. In order to accommodate this result and yet 
preserve the greatest simplicity of structure, it was suggested that 
cellulose may be regarded as a polymeride of tri-l : 5-anhydroglucose. 
The suggestion was tentative, as shown by the following significant 
extract from the argument:—“ in the meantime it is prudent to 
select a formula for cellulose which will give a yield of cellobiose approxi¬ 
mating to this figure (50—60%) rather than to the higher value 105-5.” 
The same reasonable caution has been exercised in our other 
references to this question, but nevertheless the views expressed 
have been generally invested with a rigidity and finality for which 
no claim was made. The present position is that the exact number 
of anhydroglucose residues which form the cellulose molecule 
remains unknown and speculation regarding this factor must be 
guided from time to time as knowledge accumulates. Recently, 
X-ray spectrographic methods have been brought to bear on the 
problem and the results are interpreted as indicating that the C 6 
residues are marshalled in even numbers. This conclusion is opposed 
to the idea that the molecular unit is an anhydro-trisaccharide, but 
the results of standard chemical methods of attacking constitutional 
questions must equally be taken into account, even if, for the time 
being, they conflict with data obtained by purely physical processes. 
Obviously, the anhydro-trisaccharide formula need no longer be 
considered if convincing chemical evidence is forthcoming that the 
cellulose molecule is of a single type and definitely contains an even 
number of C 6 residues. But it will be generally agreed that the 
acceptance of any particular molecular formula must rest ultimately 
on the depolymerisation of cellulose to the simplest non-reducing 
compound possessing the empirical formula C 6 H 10 O 5 and retaining 
the 1 : 5-anhydro-linking. Further, such a compound should be 
capable of undergoing the reverse change of polymerisation without 
disturbance of the characteristic 1 : 5-anhydride ring and without 
forming complex glucosides of the type produced by the polymeris¬ 
ation of glucosan (Irvine and Oldham, J., 1925, 127, 2903). This 
prospect is still remote, but we now submit experimental evidence, 
bearing on the problem, which has been obtained by studying the 
graded acetolysis of cotton cellulose. 

A review of the scattered literature and more particularly of 
papers which have appeared in the past few years reveals that 
acetolysis is an extremely complex process and is not confined to a 
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succession of reactions conducted on cellulose triacetate. Much 
recent work rightly emphasises the esterifying effect of the sulphuric 
acid employed in acetolysis, but nevertheless the earlier researches 
of Klein and of Sehliemann reveal the essential nature of the 
changes involved. These workers showed that even when the yield 
of cellulose octa-acetate is as much as 60% of the cellulose used, 
degradation products persist which may be regarded as simple 
dextrins and possess a greater complexity than a disaccharide. 
These dextrin acetates are dextrorotatory and appear to be the 
immediate precursors of cellobiose octa-acetate, so that acetolysis 
may be regarded as a series of ill-defined steps as represented below. 
The scheme does not include the formation of aceto-sulphates as, 
from the point of view of the present investigation, these products 
arise from secondary reactions, and as cellulose has been completely 
converted into 2:3: 6-trimethyl glucose, it is also unnecessary to 
make separate provision for isocellobiose acetate. 

Cellulose —> Acetylated cellulose —> Acetylated cellulose dextrins— 
[X] —> Cellobiose octa-acetate —^ Glucose penta-acetate. 

Acetylation and depolymerisation are the essential features of the 
earlier reactions, and the opening of anhydro-rings by hydrolysis 
is specially characteristic of the two final stages, but there is no 
sharp line of demarkation between these different types of change. 
The hypothetical stage indexed as [X] therefore represents the 
formation of compounds in which the maximum depolymerisation 
of cellulose has taken place, whilst the specific hydrolytic action 
responsible for the formation of cellobiose octa-acetate is a minimum. 
The present investigation deals with the exploration of this group 
of acetolysis products. 

Several workers, notably Bertrand, Hess, and Pringsheim, have 
occupied themselves with what is essentially the same subject of 
research and have obtained results of great interest. It is, however, 
a difficult matter to define exactly the experimental conditions 
under which acetolysis can be controlled so as to give consistent 
results. The physical * condition of the cellulose used and the 
treatment to which it has been subjected, minute variations in the 
purity of the reagents employed, the temperature and other factors 
still unrecognised, combine to affect the series of reactions pro¬ 
foundly. In consequence, through no fault of the observers, the 
statements in the literature are occasionally conflicting. We find, 
however, that the progress of acetolysis can be ascertained by 
systematic physical examination of samples of the product and that 
it is possible to arrest the reactions at a stage immediately before 
cellobiose octa-acetate is formed and when insoluble dextrins are 
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present in minimum amount. This result was secured by working 
between two limiting conditions, the first being that no trace of 
crystalline structure should be observable in the solid product when 
examined by ordinary microscopic methods. Control experiments 
showed that as small a proportion as 3% of cellobiose octa-acetate 
can be identified with certainty in this way. The second limiting 
condition was that a solution of the product in chloroform should 
be dextrorotatory and should show only a faint cone of light when 
viewed in the ultramicroscope. This secured that insoluble 
dextrins constituted less than 7% of the total. The product 
obtained when these conditions were preserved was a white amor¬ 
phous powder and the composition was that of a cellulose triacetate, 
but its properties presented a sharp contrast with those of a normal 
acetate of the polysaccharide. In particular, it displayed a much 
wider range of true solubility, possessed a distinct, although indefi¬ 
nite, melting point, and was dextrorotatory. The change of sign 
from the lsevorotation characteristic of cellulose triacetate is in itself 
proof that extensive depolymerisation had taken place. Despite 
the uniformity in properties and composition displayed by different 
preparations, the product was a mixture and contained at least two 
constituents which reduced Fehling’s solution, the ratio of the 
cuprous oxide formed before and after acid hydrolysis being 1 : 2*2. 
The greatest caution must be exercised in interpreting all analytical 
data in the case of acetolysis products and consequently the nature 
of the degraded acetate was ascertained by submitting it to (I) 
deacetylation and (2) methylation. Treatment with aqueous 
dimethylamine eliminated the acetyl groups and enabled dextrins 
to be removed. The main product thus obtained was freely soluble 
in water but, owing to secondary reactions between reducing groups 
and the alkaline reagent (Irvine, Thomson, and Garrett, J., 1913, 
103, 238), the material was contaminated with alkylamino-deriv- 
atives and could not be completely separated into its constituents. 
This section of our work is being continued, but it may be stated 
that we have isolated from the above mixture an amorphous 
disaccharide which was present to the extent of about 20%. The 
sugar melted with decomposition at 180°, and had [a]j> +■ 14° in 
water, but until this extension of the research is complete it is im¬ 
possible to characterise the compound definitely as an iaocellobiose. 

These experimental difficulties were overc ome by submitting the 
mixture of degradation compounds to the methylation process, 
which was adjusted so as to eliminate both alkylated disaccharides 
and dextrins. Contrasted with the behaviour of cellulose under 
parallel conditions, the methylation proceeded with remarkable 
smoothness and no difficulty was experienced in obtaining the fully 

3 E 
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substituted derivative, a result which supplies additional evidence 
that'extensive depolymerisation of the polysaccharide had been 
accomplished. As only the material insoluble in sodium hydroxide 
was collected, any disaccharide or monosaccharide constituents were 
retained in the alkaline liquors and were thus eliminated. Methyl¬ 
ated dextrins, amounting to 6% of the total weight, were left 
undissolved on treatment with ether, so that, so far as molecular 
complexity is concerned, the product finally isolated was inter¬ 
mediate between lower dextrins and disaccharides. In this way, 
a 50% yield of a white, amorphous powder was obtained which was 
readily soluble in organic solvents, and possessed the properties of 
a glucoside. Molecular-weight determinations by the cryoscopic 
method in benzene solution, and confirmed by East’s process, gave 
the value 656, showing that the substance was derived from a 
trisaccharide. The analytical composition also corresponded 
exactly with that required for [C 6 H 7 0 2 (0Me) 3 ] 3 and the combined 
results might well have been accepted at this stage as conclusive. 
The behaviour on hydrolysis, however, warrants the conclusion that 
only 70% of the material consisted of tri(trimethyl anhydroglucose), 
the remainder being the corresponding methylated trisaccharide. 
This evidence was obtained by heating with acid methyl alcohol, 
which effected hydrolysis and the condensation of the liberated 
sugars with the solvent. The product of this reaction was isolated 
by vacuum distillation and consisted of a mixture of trimethyl 
methylglucoside (90%) with tetramethyl methylglucoside (10%), 
This opinion was verified in two ways. The mixture of glucosides 
was hydrolysed and the sugars thus obtained consisted exclusively 
of 2:3: 6-trimethyl glucose and 2:3:5: 6-tetramethyl glucose, 
both of which were isolated in crystalline form in yields which 
correspond with the above composition. Further, precisely the 
same result was obtained when the original methylated product was 
hydrolysed by means of aqueous acid to give the corresponding 
sugars directly without the intermediate formation of the glucosides. 
The combined evidence leads to the opinion that, under the con¬ 
ditions specified, cellulose can be degraded to a mixture of acetates 
derived from the following compounds in the proportions stated :—- 

1. Dextrins ... 6% 3. Triglucose.. 15% 

2. Anhydro-triglucose. 35% 4. Diglucose .. 20% 

Although the results clearly favour the idea that anhydro- 
triglueose forms part of the cellulose aggregate, the possibility 
remains that anhydxo-diglucose molecules may also be concerned 
in the polymerisation which leads to the polysaccharide. This 
possibility has been foreshadowed by the work of Irvine and Oldham 
who showed that the polymerisation of p-gluoosan 
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involves both odd and even numbers of the monomeric unit, and is 
. emphasised by consideration of the yields of the various products 
obtained in the present research. Although our work was carried 
out under conditions as nearly as possible quantitative, only 76% 
of the degraded acetates was accounted for in the form of pure 
derivatives. Further, during the original aeetolysis, about 30% 
of the cellulose was converted into soluble or volatile products. 
Making allowance for these factors, it follows that the yield of 
trisaccharide derivatives actually obtained by us is of the order 35% 
when referred to the weight of cellulose originally employed. This 
is a m inim um value and there seems no reason for doubt that at 
least one-third of the polysaccharide is based upon the triglucose 
unit. The remaining two-thirds of the polymerised aggregate 
remains unknown and the research is consequently being continued 
on the following lines: (1) the constitutional study of the tri- and 
di-saccharide products of graded aeetolysis, (2) the polymerisation 
of these products and (3) the quantitative relationship between the 
tri- and di-saccharides. 

Discussion of Results . 

The views expressed in the present paper depend on the conversion 
of cellulose into simple methylated compounds, one of which is 
derived from triglucose and one from the corresponding anhydro- 
triglueose. Although it was possible to separate these two con¬ 
stituents from other compounds, it proved impossible to separate 
them from each other and thus the conclusions are in part based 
upon analytical figures. This in itself would be insufficient, but 
although there is ample supplementary evidence, it is necessary to 
discuss the results critically and to consider in how far explanations 
other than that offered are valid. Much depends on the fact that 
tetramethyl glucose is formed as a scission product when the above 
methylated mixture is hydrolysed, and the obvious suggestion is 
that the small amount of this sugar which was isolated may be 
traced to glucose penta-acetate or to cellobiose octa-acetate present 
in the original starting material. This possibility is discounted by 
the fact that the degraded acetates were amorphous, although this 
observation does not exclude the presence of an ^ocellobiose acetate. 
Of greater importance is the technique employed in the methylation 
which, on the basis of control experiments, was adjusted so as to 
eliminate both mono- and di-saccharides. 

It is therefore evident that the tetramethyl glucose did not 
originate in glucose or in cellobiose, but in a polyhexose containing 
more than two C 6 residues. If the methylated material which yielded 
the tetramethyl glucose consists of a single chemical individual, 

3 e2 
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it follows that ten C 6 groups are present, but, in such an event, the 
molecular weight would exceed 2000. If, on the other hand, the 
material is a mixture, one component must be a fully methylated 
reducing sugar containing any number of glucose residues from 
three to nine, the remaining constituent being the corresponding 
poly (trimethyl anhydroglucose). The number of possible mixtures 
which satisfy the analytical data is large and in the following table 
some typical examples are given, all of which possess practically the 
same composition and would give the results obtained in this 
investigation. 

I. A mixture containing 70% of a tri(trimethyl anhydroglucose) 
and 30% of a methylated trisaccharide. (Molecular w r eight 
approximately 625.) 

II. A mixture containing 60% of a tetra(trimethyl anhydro¬ 
glucose) and 40% of a methylated tetrasaceharide. (Molecular 
weight approximately 834.) 

III. A mixture containing 50% of a penta(trimethyl anhydro¬ 
glucose) and 50% of a methylated pentasaccharide. (Molecular 
weight approximately 1043.) 

IV. A mixture containing 40% of a hexa(trimethyl anhydro¬ 
glucose) and 60% of a methylated hexasaccharide. (Molecular 
weight approximately 1251.) 

The list reveals that the molecular-weight determinations are 
discriminative and, as the value 656 was obtained, lead to a definite 
decision on the question of molecular magnitude. The consistency 
of our results is also displayed by the following scheme, which serves 
to simplify the series of reactions : 


CELLULOSE 

I 

Degraded acetates 

■I' 

Methylated dextrins ■<*— Methylated products —Methylated disaccharides 

4 

f 70% Tri(trimethyl anhydroglucose) \ 

\ 30% Decamethyl triglucose j 

Requires : C, 52-9; H, 7*86; I Found : C, 52*7; H, 8*00; 

CH a O, 47*4%. * CH s O, 46*2%. 

i 90% Trimethyl methylglucoside ) 

\ 10% Tetramethyl methylglucoside ) 

Requires ; C, 51*04 ; H, 8*50; I Found : C, 50*95; H, 8*60; 

CH a O, 53*50%. f CH 3 Oj 52*80%. 

( 90% Trimethylglueose (actually isolated 84%) ) 

110% Tetramethyl glucose (actually isolated 7%) J 
Requires: C, 48*87; H, 8*15; 1 Found : C, 48*90; H, 8*32; 

€H 3 O,42<90%. f CH 3 0,41*10%. 

f 2 : 3 : 6-Trimethyl glucose } 

- (2:3:5: 6-Tetramethyl glucose j 
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Subsequent to the completion of the paper now communicated, 
the subject of the ring structure of glucose has been re-opened by 
Charlton, Haworth, and Peat (this vol., p. 89), who bring forward 
evidence that the stable form of the sugar is an amylene-oxide. 
That the oxydic ring in glucose may occupy different positions was 
first experimentally verified by one of us ten years ago, and the 
necessity to take all the different possibilities into account has 
repeatedly been emphasised (Irvine, ce Some Constitutional Problems 
in Carbohydrate Chemistry,” J., 1923,123, 900). For a considerable 
time it has been recognised by workers in this -field that as the 
y-oxydic formula for glucose depended on collateral rather than on 
direct experimental evidence, it might require modification and 
that to have the position of the oxygen ring settled experimentally 
would mark an advance in sugar chemistry. We do not commit 
ourselves at this stage to unqualified acceptance of the modified 
formula for glucose—the suggestion offered introduces a number of 
simplifications and is worthy of extended trial—but we defer our 
opinion until results obtained by the ultimate oxidation of tetra- 
methyl glucose are available. 

The formulae of a number of methylated sugars may, however, 
be adjusted, e.g., 2:3: 5-trimethyl glucose would be described 
as the 2:3: 4-form, but from the point of view of the present 
research greater importance is attached to the sugar known as 
2:3: 6-trimethyl glucose. A review of the constitutional study of 
this compound does not justify altering the position of the methyl 
groups, so that by shifting the ring to the neighbouring carbon atom 
the formula becomes: 

f 0 1 

OH*CH # CH(OMe)*CH(OMe)-CH(OH)*CH # CH 2 ’OMe. 

The linkage present in cellulose would thus presumably be through 
positions 1 and 4 in place of 1 and 5 and the polysaccharide would 
therefore be described as poly-(l : 4-anhydroglucose). It would, 
however, be premature to accept this conclusion as final, in view 
of the fact the particular variety of trimethyl glucose now under 
consideration can react as a y-sugar. This possibility has been 
pointed out by Irvine and Hirst (J., 1922,121, 1221) in their study 
of the condensation of the compound with methyl alcohol, and it 
follows that the formation of this sugar is not absolutely diagnostic 
as to the structure of the complex from which it originates. This 
possibility and its effect on constitutional questions are discussed in 
a forthcoming paper. 

The application of a poly(l : 4-anhydroglucose) structure to 
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cellulose may now be considered and the opportunity may be taken 
to simplify the alternative structural formulae applicable to this 
unit, as further consideration has shown that, provided a- and 
^-configuration is not taken into account, only two possibilities 
exist.* These as modified are : 

9h 2 -oh 

CH-O 

-(!lH-CH(OH)-CH(OH)-CH 

d) 

I . 

CH-CH(OH)-CH(OH)-CH-CH-CH 2 -OH 
I_ n ___I 


I-o-1 

CH-CH(OH)-CH(OH)-<j3H-CH-CH 2 -OH 

O 

I 

I--0-1 

The position of the potential reducing groups is indicated in 
block type. 

In view of the results communicated in this paper, and taking 
into account the increasing importance attached to the formation 
of isoeellobiose from cellulose, it would be inadvisable to exclude 
formula II entirely. The retention of both types formulated above 
accounts for the formation of isomeric cellobioses and it is possible 
that both may function, although unequally, in the polymerisation 
process which leads to cellulose. 

Experimental. 

Graded Acetolysis of Cotton Cellulose .—The material employed was 
provided by Mr. William Rintoul of Messrs. Nobels, Ltd., and was 
identical with that used in our other investigations (see previous 
papers). Systematic experiments showed that when the temper¬ 
ature at which acetolysis is conducted is maintained uniformly at 
15°, the best results were obtained when the reagent consisted of 
acetic anhydride and sulphuric acid in the ratio of 5-9 parts to 1 part 

I am indebted to Dr. A. Geake of the Shirley Institute (British Cotton 
Allhdustry Research Association), who first kindly directed my attention to 
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by weight. These conditions having been established, the remaining 
factor, viz., the duration of the reaction, was determined, in the 
first instance approximately, by microscopic examination of samples 
of the product. When precipitated by water, dissolved in alcohol, 
reprecipitated and dried, the material showed a wide range of 
solubility in organic solvents including benzene. These solutions, 
which were dextrorotatory, did not give films on evaporation and 
no trace of crystalline matter was visible in the residue, although 
control experiments with artificial mixtures showed that 3% of 
cellobiose octa-acetate can be detected in this way. Further, when 
dissolved in chloroform, the solution was practically optically clear 
when viewed in the ultramicroscope, a faint cone of light being, 
however, visible owing to the persistence of a small proportion of 
higher dextrins. The control experiments were conducted through¬ 
out the entire series of products ranging from a normal cellulose 
triacetate to cellobiose octa-acetate. A typical preparation is now 
described, but as the reaction is affected by numerous factors, 
including the surface condition of the cotton, it is necessary to state 
that in order to obtain consistent results the acetolysis must be 
standardised by the physical examination indicated above. 

The cellulose (40 g.), dried at 110°, was added gradually 
to a mixture of 400 c.c. of acetic anhydride and 40 c.c. of 
sulphuric acid, the pasty mass being kept at 15° and thoroughly 
stirred for 5 hours. The cellulose was noticeably affected in 90 
minutes and dissolved within 24 hours, giving a faintly yellow 
liquid. During the subsequent 72 hours the colour changed to 
orange, but the solution remained clear and as at this stage the 
ultramicroscopic test was satisfactory the liquid was poured into 
4 litres of water. The solid thus precipitated showed a tendency 
to coagulate to a plastic mass which was disintegrated by grinding 
under water to give a fine flaky powder. After filtration, the 
product was thoroughly washed with water and dried slowly at 
30—40°/10 mm. Thereafter it was dissolved in hot rectified spirit 
and reprecipitated by the addition of water. Average yield of dry 
solid 50 g., when the duration of the acetolysis varied from 95 tp 
101 hours. 

The material was only slightly soluble in hot absolute alcohol, 
but easily soluble in rectified spirit. It was also readily soluble 
in cold acetic acid, acetone or chloroform, but less so in benzene. 
It melted without decomposition, but the temperature of fusion 
varied between 120° and 160° in different preparations. Moisture 
(determined at 110°), 1*35%; ash, negligible; sulphur, absent. 
Found: C, 49-9; H, 5*8; Acetyl, 64*2. Cellulose triacetate requires 
0, 50*0; H, 5*55; Acetyl, 62*5%. The specific rotation varied 
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from about + 10° to + 20°, but in the work now described material 
was selected which gave the following values : 



Solvent. 

c. 

Mb* 

Preparation I. 

Chloroform. 

1-75 

4-20*3° 

„ II. 


2*58 

19*4 

„ III. 

Acetone. 

1*76 

22-1 


The acetate reduced Fehling’s solution and as this result is 
important experimental details are given. A weighed quantity 
(0-3289 g.) was dusted into an excess of boiling Fehling’s solution, 
the boiling being continued for 4 minutes. The weight of dry 
cuprous oxide thus obtained was 0-1467 g. In order , to determine 
the effect of hydrolysis on the reducing power, 0*3289 g. of the acetate 
was dissolved in 60% alcohol containing 6% of hydrogen chloride, 
and the solution was boiled under a condenser for 4 hours. There¬ 
after the alcohol was replaced by 8% aqueous hydrochloric acid, 
and the mixture again boiled for 8 hours. A trace of solid matter 
remained undissolved and the solution, which was practically 
colourless, was neutralised and added to boiling Fehling’s solution. 
As the weight of cuprous oxide obtained was 0*3250 g., the ratio of 
the reducing power before and after hydrolysis is 1 : 2*2. Attempts 
to eliminate the reducing component of the mixture effected only 
negligible separation but revealed, as the following experiment 
shows, that little significance can be attached to melting points in 
these compounds. 

18 G. of the acetate were dissolved in 250 c.c, of hot rectified spirit 
and, on cooling, a first fraction of 12 g. separated. On adding 
270 c.c. of water to the mother-liquor a precipitate formed and after 
further dilution to 850 c.c. the liquid was set aside over-night. The 
second fraction thus obtained weighed 5*4 g. 


M. p. 

C .... 

H ... 

[a]* in chloroform 


Original material. 
155° 

49-9% 

5-8% 

+18*5° 


Fraction I. 
130—140° 


49*6% 

5*75% 

420*3° 


Fraction II. 
140—148° 
49-6% 
5*6% 
4*19*4° 


Molecular weight determinations by Bast’s process or by the 
eryoscopie method in acetic acid gave very variable results, owing 
apparently to the presence of a small quantity of insoluble dextrin. 
The presence of this impurity was confirmed by digesting the acetate 
with 2A-sodium hydroxide at 25° for 3 hours. On neutralisation, 
a floeeulent precipitate separated which darkened on washing and 
drying. This product, which was present only in small amount, 
had the properties of a dextrin, decomposed at 220°, and gave 
J; P> 44-5; H, 6*4% [(CeH^Oj), requires C, 44-4; H, 6*2%]. 

!(£: Me&ylation of the Depolymerised Acetate .—As the direct replace- 
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ment of acetyl by methoxyl in one operation is not of general 
application, the details of a typical experiment are quoted. The 
acetate (46 g.) was suspended in 225 c.c. of 2iV r -sodium hydroxide 
and disintegrated by mechanical stirring. After the temperature 
had been raised to 30°, small equivalent quantities of methyl 
sulphate and 30% sodium hydroxide were added at short intervals 
and, when three-fourths of the reagents had been introduced, the 
temperature was gradually raised to 70° and maintained at this 
point until the remainder of the methylating mixture had been 
added. Total reagents used : 110 c.c. of methyl sulphate and 110 g. 
of sodium hydroxide in 180 c.c. of water. 

After completion of the reaction by heating at 100° for 35 minutes, 
the product remained in solution and was extracted with chloro¬ 
form. The extract was dried and the solvent removed, when a clear 
syrup remained which set on cooling to a glass. Yield, 14 g.; 
OMe, 38*1%. The products of three similar preparations were 
united and subjected to three further methylations. As the 
methoxyl content increased, the solubility in alkali diminished so 
that the methylated product could be removed by filtration and, 
an important point, the process of chloroform extraction was 
discontinued so that the disaccharide derivatives remained in the 
alkaline liquor. Yield, 30 g.; OMe, 45*6%. Five subsequent 
methylations did not affect the methoxyl content, which agrees 
exactly with that required for a trimethyl cellulose. 

The product was ground to a white solid and extracted repeatedly 
with boiling ether, which left a small residue (6%) undissolved. 
This had OMe, 43*7%, and was evidently derived from the cellulose 
dextrin present in the starting material. On removal of the solvent 
ether, the main product (94%) was isolated as a clear, colourless 
glass which could be powdered to a fine white solid softening at 
about 40°. This proved to be essentially tri(trimethyl 1 : 5-anhydro^ 
glucose) mixed with the corresponding methylated trisaccharide.. 
Properties : readily soluble in cold ether, chloroform, benzene, or- 
acetone, less soluble in methyl alcohol, rectified spirit or water; no. 
action on Fehling’s solution until after acid hydrolysis. Found : 
0, 52*7; H, 8*0; OMe, 46*2. A mixture of 70% of tri(trimethyl 
anhydroglucose) and 30% of a fully methylated trisaccharide 
requires C, 52*9; H, 7*9; OMe, 474%, 


Solvent. 

c. 

[“Id- 

Chloroform ... 

. 3-564 

-j-7*0 c 

Benzene .... 

. 1*682 

10*1 

Acetone .. 

. 3-367 

15*7 


Molecular Weight .—The mean of two determinations by East's 
method was 662. The mean of three consistent results by the 

3 b* 
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cryoscopic method with benzene as solvent was 663, and an inde¬ 
pendent repetition of the same process gave 642. The calculated 
value for the mixture postulated above is 625. 

Simultaneous Hydrolysis and Condensation with Methyl Alcohol .— 
The mixture of methylated trisaccharide derivatives (4-3552 g.) was 
dissolved in methyl alcohol containing 1% of hydrogen chloride 
and heated at 110° for 70 hours. The solution, which was pale 
yellow and contained no suspended matter, was then neutralised 
with silver carbonate, filtered, and evaporated to dryness. 4*562 G. 
of a colourless glucosidic syrup remained, corresponding with a 
yield of 92% of the theoretical maximum. On distillation, the 
liquid boiled at 115°/0*3 mm. and 3-87 g. were collected in two 
fractions to permit of duplicate analyses. On the basis that the 
original methylated is a mixture of 70% of tri(trimethyl anhydro- 
glucose) and 30% of a fully methylated trisaccharide, the above 
product of hydrolysis should consist of trimethyl methylglucoside 
(90%) and tetramethyl methylglucoside (10%). This was verified 
by analysis. Fraction I: C, 50*9; H, 8-3; OMe, 52-6. Fraction 
XI: C, 50-95; H, 8-6; OMe, 52*8%. Calculated for the mixed 
glucosides: C,51*0; H, 8*5; OMe, 53*5%. 

Hydrolysis of the Mixed Glucosides. —The syrup (2-67 g.) was 
dissolved in 110 c.c. of 8% hydrochloric acid, a trace of charcoal 
added, and the solution boiled under a condenser until the rotation 
was constant. The subsequent treatment was as usual and as the 
mixed sugars, isolated initially as a syrup, weighed 2*2 g., the yield 
was 88%. In order to separate the sugars, the syrup was dissolved 
in water, andfthe solution thoroughly extracted with chloroform. 
The aqueous solution was evaporated to dryness under diminished 
pressure, the resulting syrup being redissolved in absolute alcohol 
which was, in turn, evaporated. Finally, the sugar was dissolved 
in pure dry^ether and after filtration the solvent was slowly 
evaporated. On nucleation with 2:3: 6-trimethyl glucose, the 
product solidified to a hard mass of crystals (1*85 g.), m, p. 105°; 
ipermanent [<x]d in water, for c = 1*058, + 71*8° (Found: C, 48-5; 
JS, 8-05; OMe, 41*6, Calc.: C, 48*65; H,8-l; OMe, 41-9%). 

The remaining methylated sugar was isolated from the chloro- 
:form solution, which was dried and evaporated, as a syrup weighing 
0*25 g. This crystallised on keeping and, when purified from light 
^petroleum, gave pure 2:3:5: 6-tetramethyl glucose displaying 
■the standard physical constants. Yield of trimethyl glucose: 
yield of tetramethyl glucose = 84% : 7%. Calc., 90% : 10%. 

Direct Hydrolysis of the Methylated Product .—A 5% solution in 
iifiydrbc^^ acid was fully hydrolysed on boiling lor 30 minutes, 
sugars formed were isolated by standard methods. The 
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product was a clear syrup which, in accordance with the composition 
of the starting material, should consist of trimethyl glucose (90%) 
and tetramethyl*glucose (10%) (Found: 0, 48*9; H, 8*3; OMe, 
41*1. The above mixture requires C, 48*9; H, 8*15; OMe, 42*9%). 

Deacetylation of the Degraded Cellulose Acetates .—20 G. of the 
finely-powdered acetate were added to 66 c.c. of 33% aqueous 
dimethylamine. An appreciable rise of temperature took place 
and the liquid was cooled to 15° and kept, with frequent shaking, 
for several days. For the first 48 hours the liquid thickened, but 
after 96 hours it had bee ome much more mobile. After 9 days, water 
was added and insoluble dextrins were removed by filtration through 
charcoal, the filtrate being evaporated to dryness under diminished 
pressure. A golden syrup remained which was thoroughly mixed 
with successive quantities of ether to remove acetodimethylamide, 
the undissolved residue being dissolved in a little water and precipi¬ 
tated by excess of absolute alcohol. A White, amorphous powder 
was thus obtained (1*85 g.) which sintered at 170° and melted with 
decomposition at 180° (Found in material dried in a vacuum at 110° 
until of constant weight: C, 42*3; H, 6*6; M , cryoscopic in water, 
315. A disaccharide requires C, 42*1; H, 6*4%; M , 342). The 
product is therefore a disaccharide other than eellobiose; it reduced 
Fehling’s solution both before and more particularly after hydrolysis 
with acids. For c = 4*2735, [oc]?f was + 14*04°, no mutarotation 
being observed within 24 hours. 

The alcohol mother-liquor which had yielded the above disac¬ 
charide gave on evaporation under reduced pressure 6*4 g. of a 
syrup. This was dissolved in water, the solution agitated with 
chloroform to remove traces of acetodimethylamide, and the aqueous 
portion neutralised and recovered. By means of fractional extrac¬ 
tion with boiling alcohol, the material was separated into two 
portions, but it was found impossible to eliminate dimethylamino- 
glucosides, and consequently this section of the investigation is 
being continued by different methods. 

Acknowledgment is made to the Carnegie Trust for the award 
of a Fellowship which enabled one of us to take part in the 
investigation. 
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CXCV .—The Constitution of Polysaccharides . Part X. 
The Molecular Unit of Starch. 

By James Colquhoun Irvine and John Macdonald. 

We have naturally included the important case of starch as part of 
our programme of research on the constitution of polysaccharides, 
applying the same principles and methods as in the analogous 
examples of cellulose and inulin. The same limitations have also 
been imposed on the scope of the investigation, which has been 
confined meanwhile to determining the linkage of the individual 
glucose residues in starch so as to arrive at the structure of the 
simplest molecule (or molecules) which, by polymerisation, form the 
polysaccharide. Our work has not been concerned with the magni¬ 
tude of these polymerides or with the individual constituents of 
starch, nor has it included the differences between one variety of 
starch ^and another so far as these may be attributed to variations 
in the nature and amount of extraneous compounds rather than to 
inherent differences in molecular structure. 

Hitherto, the experimental evidence applicable to the constitu¬ 
tional study of starch has been obtained mainly through biochemical 
agency and, in introduction to the present communication, only 
two types of such reactions may be selected from the abundant 
literature on this subject. These are : (a) the conversion of starch 
into a series of simple amyloses in each of which the empirical 
formula (C 6 H 10 0 5 ) n is retained, and (6) the formation, through 
changes which are in part hydrolytic, of maltose, isomaltose, and, 
ultimately, of glucose. An adequate structural representation of 
starch must accommodate the above reactions and it is evident that 
the constitution of maltose is of special importance as bridging the 
gap between the closed-ring structure of the polyamyloses and the 
Cg-chain of glucose. Generally speaking, the application of ordinary 
chemical methods has led to few results which bear directly on the 
constitution of starch, as the processes of substitution and disrup¬ 
tion are not sharply differentiated. An exception is provided, 
however, in the method of methylation, by means of which the 
hydroxyl groups in starch may be substituted by methoxyl groups 
which survive hydrolysis, thereby giving a methylated glucose. 
Work on these lines was commenced in this laboratory 6 years ago, 
but no detailed account of our results has so far been published, 
although reference has been made occasionally to some of the con¬ 
clusions at which we have arrived. The delay has been due, not so 
much to the fact that the methylation of starch presented severe 



THE CONSTITUTION OF POLYSACCHARIDES. PART X. 1503 

experimental difficulties, as to the necessity which arose to suspend 
the research and devote a series of separate investigations to the 
constitution of maltose. Meanwhile, other workers have attempted 
to convert starch into its fully methylated derivative, but have failed, 
it having been found impossible to replace all the hydroxyl groups 
by methoxyl. Our experience in this respect was, at first, no 
different, and consequently we were compelled to subject an in¬ 
completely methylated starch to hydrolysis and to separate the 
mixture of methylated glucoses thus produced. In such con¬ 
stitutional studies, this is unsatisfactory procedure and cannot be 
regarded as giving an adequate view of structure, but our earlier 
work revealed that an invariable product of the reaction was a 
crystalline sugar, which was identified as 2 : 3 : 6-trimethyl glucose. 
This result was altogether unexpected. Unless the action of diastase 
on starch is in part synthetic, there can be little reason to doubt 
that, in the starch molecule, glucose residues are joined in the same 
manner as in maltose, and it follows that the trimethyl glucose 
obtainable from starch should be identical with that from maltose. 
Haworth and Leitch, however, state that the disaccharide gives 
2:3: 4-trimethyl glucose, and the formula for maltose advocated 
by these authors, either in its original form (J., 1919, 115, 809) or 
as subsequently modified (Charlton, Haworth, and Peat, this vol., 
p. 99), does not admit of the formation of 2 : 3 : 6-trimethyl glucose 
from any compound containing the maltose structure. The evidence 
before us w r as thus conflicting. Obvious sources of error, such as the 
possible presence of hemi-eelluloses, had been carefully excluded, 
but other explanations suggested themselves, one being that the 
glucose residues in starch might not be symmetrically attached to 
each other, as one pair might possess the maltose structure and 
another the linkage characteristic of cellobiose. This idea was 
expressed in formulae (Brit. Assoc. .Reports, 1922, 33; J., 1923,123, 
898) in which an attempt was made to reconcile our results with 
those from w r hich the structure of maltose was deduced, but further 
investigation showed that no satisfactory formula for starch could 
be constructed on the basis of Haworth’s constitution of maltose. 
This became apparent when we succeeded in methylating starch 
completely, as, on hydrolysing the product, 2:3:6-trimethyl 
glucose was obtained in yields which showed that this sugar must be 
regarded as the essential and not as an adventitious product of the 
series of reactions. Concurrently, and by arrangement with 
Professor Pringsheim, hexa-amylose was subjected similarly to 
methylation and hydrolysis. The result was equally emphatic, as 
the same crystalline sugar was obtained as from starch. Finally, 
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the tri-hexosan prepared by the depolymerisation of starch (Pictet, 
Heh\ Chim. Acta , 1922, 5, 640; 1924, 7, 932) was similarly treated 
and was likewise found to give the same variety of trimethyl 
glucose. 

Only two alternative conclusions could be drawn from the above 
discordant evidence; the first, that maltose has no structural 
relationship to starch, was rejected as improbable and we were 
forced to the opinion that the constitution attributed to maltose was 
incorrect. This we have ascertained to be the case (Irvine and 
Black, this vol. p. 862), it having been shown that, in common 
with starch, polyamyloses and cellulose, maltose yields 2:3:6- 
trimethyl glucose unmixed with the 2:3: 4-isomeride. The present 
communication is therefore submitted on the basis of a corrected 
constitution for maltose. 

We find that the methylation of starch displays a number of 
features which distinguish the polysaccharide from either cellulose 
or inulin. Methyl groups are introduced fairly readily by repeated 
action of methyl sulphate and alkali, but the methoxyl content 
quickly reaches a limit of 36—37%, this value indicating that only 
seven hydroxyl groups out of nine have undergone alkylation. 
Methylated starch of this composition appears to be a definite com¬ 
pound possessing a characteristic optical activity, and, inconsequence, 
the conclusion might be drawn that there are not three hydroxyl 
groups in each C 6 unit. This inference would be unwarranted, 
however, as the partly methylated starch was capable of acetylation 
to the exact extent required to substitute the remaining hydroxyl 
positions. Further, the methylated starch, when regenerated from 
the acetate, still preserved its resistance to further methylation. 
Another distinguishing property displayed by starch during methyl¬ 
ation is that the reaction is definitely arrested at the dimethyl stage 
when conducted by means of silver oxide and methyl iodide. When 
these reagents are applied to a methylated starch containing less 
than two methoxyl groups per C 6 unit, the methoxyl content is 
increased to 32—33%, but no further. Similarly, the same reagents 
have only a limited effect in raising the methoxyl content when 
applied to methylated starch which has been alkylated by means of 
methyl sulphate beyond the dimethyl stage. In the above respects, 
starch resembles the polyamyloses closely and presents features 
which are also recognisable in the case of maltose. As the methyl¬ 
ation of starch proceeded, the colour reaction with iodine vanished, 
the usual progressive changes in solubility were observed, and the 
rotation increased in the dextro-sense. Simultaneously, the protein 
inorganic constituents were eliminated, particularly when the 
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silver oxide reaction was employed, as, in this case, they were pre¬ 
cipitated in the form of insoluble double compounds with silver 
iodide. It is important to observe that these precipitates contained 
combined carbohydrate, thus indicating that nitrogen and phosphorus 
form part of the polymerised aggregate. In consequence, the same 
methylated starch was finally obtained, irrespective of the starting 
material used, but in large-scale experiments we employed only 
purified rice-starch. Beference to the experimental details will 
indicate the manner in which the derivatives of hemi-celluloses were 
removed so as to separate constituents which would otherwise have 
introduced complications. 

Although four successive applications of methyl sulphate and 
alkali converted the polysaccharide into a derivative containing 
37% of methoxyl, this did not represent the limit of the reaction. 
Subsequent methylations slowly increased the methoxyl content 
and, after 24 treatments, the value (43-7%) agreed closely with that 
required for a trimethyl starch. There are thus three distinct 
stages observable in the alkylation, the products in each case dis¬ 
playing a constancy in composition and properties which warrants 
the conclusion that they are three consecutive compounds. These 
are: 

% OMe Ratio of OMe groups [a] D in 
(found), to initial OH groups. CHC1 3 . 


I. Dimethyl starch . 32*7 6: 9 -f 135-7° 

II. Methylated starch . 36-3 7 :9 169*5 

III. Trimethyl starch . 43*7 9 :9 216-5 


It will be observed that the specific rotation increased regularly 
with the rise in methoxyl content, and this behaviour we have 
verified over a wide range in composition, thus affording powerful 
evidence that frequent repetition of the methylation process does 
not cause structural rearrangement. 

The hydrolysis of each type of methylated starch was undertaken, 
the method of heating with methyl alcohol and hydrogen chloride 
being employed so as to isolate the liberated sugars in the form of 
the corresponding methylglucosides. Compound I gave essentially 
a dimethyl methylglucoside, the description of which is deferred to 
a later communication, while II yielded a mixture from which 
2:3; 6-trimethyl methylglucoside (1 mol.) was isolated, together 
with a dimethyl methylglucoside (2 mols.). In the case of III 
(trimethyl starch) the reaction furnished a conclusive result, as 
2:3: 6-trimethyl methylglucoside melting at 57*5° was obtained 
in excellent yield. A careful search for the isomeric 2:3:4-form 
was made, both by fractional distillation and by fractional crystal- 
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lisation of the glucoside, but no trace of this compound was detected. 
These results were confirmed by hydrolysis of the total glucosides 
with aqueous acid and isolation of crystalline 2:3: 6-trimethyl 
glucose. All syrupy products were examined, but the 2:3:4- 
isomeride was definitely absent. 

In the course of this section of our work it was necessary to 
compare critically the constants of the isomeric 2:3:6- and 2:3:4- 
trimethyl p-methylglucosides, as these compounds, which show a 
close resemblance, have been utilised in certain structural studies of 
disaccharides as a means of discriminating between the isomeric 
trimethyl glucoses. The following values were determined on speci¬ 
mens of the compounds obtained either by the limited action of 
methyl alcohol and hydrogen chloride or through the agency of the 
corresponding acetobromo-derivatives. 


Source. M. p. 

2:3: 6-Trimethyl methyl- 2:3: 6-Trimethyl glucose 57-6° 
glucoside. from cellulose, or 

Trimethyl starch. 

2:3; 4-Trimethyl methyl- 2:3: 4-Trimethyl glucose 93—94 
glucoside. (synthetic), or 

Trimethyl glucosan. 


M*. 

— 29*3° 
in MeOH 


’ _ 09.1 

in MeOH 


The glucosides cannot be distinguished with certainty through 
their specific rotations, and the melting points, although far apart, 
are greatly affected by impurities or by the presence of varying 
proportions of a- and p-forms. It follows that trustworthy identi¬ 
fication of these reference compounds is possible only when both the 
melting point and the specific rotation agree with the standard values. 
In addition, the polarimetric curve of the hydrolysis of each compound 
is diagnostic, and in the case of the equilibrium mixture of the a- 
and p-2 : 3: 6-isomerides displays two maxima separated by a 
minimum. The identification of these isomeric glucosides is never¬ 
theless difficult and failure to discriminate between them may lead 
to erroneous conclusions as to structure. In this connexion, it may 
be recalled that Haworth and Wylam (J., 1923,123, 3125) obtained 
from gentiobiose a trimethyl methylglucoside melting at 92*5° and 
showing [oc] D —25-1° in methyl alcohol. This was regarded as the 
2:3: 4-variety, a conclusion which is doubtless correct. But in 
studying the constitution of raffinose (Haworth, Hirst, and Buell, 
J., 1923,123, 3131) another preparation, possessing nearly the same 
specific rotation, but melting at 74°, is also claimed to be 2 : 3 : 4- 
trimethyl methylglucoside. The statements are irreconcilable, as, 
| if the melting point of the latter preparation was depressed by the 
llliestoce of-the. stereoisomeric a-form, the specific rotation would 
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not remain the same, but would be displaced in the dextro-direction. 
In our examination of these glueosides we have never encountered a 
form of 2 : 3 :4-trimethyl methylglucoside melting at 74° and the 
inconsistency becomes more acute if it be assumed that this figure is 
a misprint for 94°. We cannot accept, therefore, Haworth's con¬ 
stitution for raffinose, a conclusion further justified by the fact that 
it contains a melibiose residue based on the formula for maltose 
recently shown to be incorrect. 

Discussion of Results. 

As starch is not a uniform homogeneous polysaccharide, limitations 
must be placed on any discussion regarding constitution, but the 
results now contributed afford proof that starch consists essentially 
of a mixture of polymerides which are based on the same molecular 
unit. The structural similarity displayed by these constituents 
lies in the fact that there are three hydroxyl groups present in the 
same positions in each C 6 chain, and it is thus possible to elucidate 
the constitutional factors which are common to all the components. 
The expression 44 starch, 53 as used in this discussion, applies therefore 
to constituents, amounting to 60—70% of the total, which conform 
to the above generalisation in that they are convertible into 2:3:6- 
trimethyl glucose, but differ in the degree of polymerisation. 

The possibility that starch may be derived from (3-glucosan has 
already been rejected and is again refuted by the results of the 
present investigation. There remains consideration of the relation¬ 
ship to maltose and to isomaltose, but here complications are at 
once encountered. These difficulties are due in part to inadequate 
knowledge of isomaltose, but are mainly attributable to the con¬ 
fusion which has arisen regarding the constitution of the diglucoses 
as a class. So far, three disaccharides (maltose, cellobiose, and 
isocellobiose) have been shown to be convertible into 2:3: 6- 
trimethyl glucose, and the present research clearly points to the idea 
that isomaltose will be found to give precisely the same result. The 
formation of the above trimethyl glucose cannot, in consequence, 
be regarded as final evidence of the linkage of two glucose residues, 
as such a result fails to discriminate between two alternatives. It 
follows, also, that the oxydic ring in glucose cannot be restricted to 
the amylene-oxide linkage alone, as otherwise it would be im¬ 
possible to formulate all the diglucoses in terms of their properties. 
For example, the disaccharides postulated below are definitely 
isomeric and contain glucose residues with different oxygen rings, 
but each compound would be convertible into 2:3: 6-trimethyl 
glucose, type I giving in the first place the y-f orm of the sugar which 
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reverts to the stable variety, while type II would give the same 
final product directly. 

rCH-OH 
q OH-OH 
j OH-OH 

V H i-o— n 

OH— 0—CH-(CH-OH) 3 -CH-CH 2 -OH 

OH 2 -OH (I.) 

Glucose 5-glucoside. 

rCH-OH 

OH-OH 

0 OH-OH r --0-1 

I OH—0—CH-(CH-OH) 3 -CH-CH>-OH 

LoH 

CH 2 -OH (H.) 

Glucose 4-glucoside. 

It may be presumed that as cellobiose and zsocellobiose form one 
structural pair, maltose and isomaltose will form the other, and the 
above types can therefore accommodate all four sugars. Pending 
the completion of further experimental work now in progress, it is 
inadvisable definitely to assign maltose and cellobiose to their 
respective types, but, in order to render the present discussion 
intelligible, formula I may be ascribed arbitrarily to maltose, in 
which case cellobiose conforms to formula II. 

If starch is based on an anhydro-disaceharide unit, the simplest 
formula for the unpolymerised molecule becomes : 

O 


f-0-1 

CH*CH(OH)-CH(OH)*CH*CH-CH 2 *OH 

The hydrolysis of the “ maltosan ” postulated above would give 
maltose as the only disaccharide, the change including opening of 
one anhydro-linking followed by adjustment of the unstable oxygen 
ring in the non-reducing glucose component. Taking into account 
the difficulty in certifying that any preparation of maltose consists 
of a single homogeneous chemical individual, it is doubtful if the 
| yield of maltose from starch is as great as that which would be given 
compound of the maltosan type. It would not be justifiable, 
at this stage to exclude maltosan as one of the molecular 


r<?H—- 
5 OH-OH 
| OH-OH 

l oh 

OH—0- 


!H 2 -OH 
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units of starch, particularly as polyamyloses exist which contain 
an even number of C 6 chains. The formula does not, however, 
admit of the formation, from starch, of a trihexosan or tri-amylose, 
and consequently consideration must also be given to a constitution 
based on the union of three glucose residues. Two possibilities 
exist: 


CH>OH 


-o- 


r CH—0—CH-CH-CH(OH)-CH(OH)-CH 
o QH-OH 1 

i (JH-OH 0 

l oh I 

OH—0—gH-CH{OH)-CH(OH)-CH-CH-CH 2 -OH 
CHj-OH 1 -0- 1 

(III, symmetrical.) 


i o i 

r CH—0—CH-CH(0H)-CH(0H)-CH-9H-CH,-0H 

6 V H ’ 0H I 

i OH-OH O 

L (JH I 

OH—0—0H-CH(0H)-CH(0H)-CH-CH-CH.-0H 
CH 2 *0H 1 -— : —0- 1 

(IV, unsymmetrical.) 


No conclusive evidence exists which would serve to discriminate 
between these possibilities. A compound possessing formula (III) 
could undergo hydrolysis to give only maltose and glucose, whilst, 
according to formula (IV), maltose, an isomaltose and a non-reducing 
diglucose might result. This is perhaps improbable, as the exist¬ 
ence of such hydrolysis products could scarcely have escaped 
detection, but, in any case, neither of the formula reveals the a- or 
^-configuration of the individual glucose residues. The structures 
thus fail to account for the fact that starch is convertible into maltose 
under one set of conditions and into isomaltose when the conditions 
are changed. Similarly, they do not explain why the polyamyloses 
can be classified in a- and (3-series. 

We do not share the view that the a- or ^-configurations of the 
methylated glucosides obtained from trimethyl starch afford a true 
index of the glucose configuration in the starch molecule and purely 
chemical methods of investigation throw little light on this important 
aspect of the structural problem. This evidence is, however, rapidly 
being accumulated in the important researches of Ling and Nanji, 
and if the results obtained by these.workers are not? utilised in the 
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present discussion it is owing solely to the desire to avoid trespass 
on their field of work. 

Limiting the discussion to conclusions drawn from chemical 
reactions alone, the structures elucidated above may now be tested 
according to the peculiar behaviour of starch during methylation. 
The formation of a definite dimethyl starch (i.e., 6 hydroxyl groups 
out of 9 substituted) is explained in terms of either formula, as the 
primary alcohol groups are the last to be methylated. Both 
formulae also accommodate the production of a trimethyl starch 
but only formula (IV) offers any explanation as to why methylation 
can be arrested at the dimethyl stage (i.e., when 6 hydroxyl groups 
out of 9 have been substituted) and thereafter slows down abruptly 
when 7 hydroxyl groups out of 9 have been alkylated. For this 
reason, formula (IV) is retained for further consideration. Much 
importance must be attached to the fact that methylated 
starch containing 37% of methoxyl is a definite compound which 
breaks down on hydrolysis to give exactly 2 molecules of dimethyl 
glucose and 1 molecule of trimethyl glucose. Reference to the 
experimental part will show that this compound was obtained under 
varying experimental conditions on eight successive occasions, so 
that the composition ascribed to it is unlikely to be fortuitous. 
Accepting this result, it follows that the molecular unit of starch 
must contain either nine or a multiple of nine hydroxyl groups. In 
other words, the simplest unit would be a trihexosan and the next 
possibility a hexahexosan. In order to explain the existence of 
polyamyloses containing an even number of C 6 chains, it is, however, 
necessary to select the hexahexosan as the basal unit, so that the 
cyclic formulae given above must be doubled, with a corresponding 
increase in the structural possibilities involved. 

It is thus apparent that, approaching the study of starch by 
strictly chemical methods, conclusions are reached in close agree¬ 
ment with those arrived at in recent studies of enzyme action. It 
will be equally apparent that both types of investigation are necessary 
to solve the main factors involved in the starch problem, (1) the 
a- or ^-configuration of adjacent hexose residues, (2) the positions 
through which these residues are coupled, and (3) the degree of 
polymerisation undergone by the basal unit. 

The research, which we regard only as preliminary, is being con¬ 
tinued in various directions. 

Experimental. 

The starting material used in the research consisted of purified 
^ wheaten, potato, or rice starch, but the first-mentioned variety was 
in favour of the others, which were found to give the same 
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methylated derivatives. To facilitate description, it may be stated 
that, throughout the work, all evaporations and distillations were 
conducted under reduced pressure. 

Dimethyl Starch .—With a few modifications, the methylation was 
carried out as described by Irvine and Steele (J., 1920,117, 1474) 
in the parallel case of inulin, and the following is the account of one 
typical experiment. 32 G. of starch were mixed with 150 c.c. of 
water and stirred mechanically whilst 160 c.c. of 12|% sodium 
hydroxide solution were added. This had to be conducted slowly, 
as otherwise the starch coagulated to a stiff jelly, a condition 
which is unsuitable for methylation. Thereafter, 140 c.c. of 
50% sodium hydroxide solution and 80 c.c. of methyl sulphate 
were run in simultaneously, the addition being extended over 3 
hours and adjusted so as to maintain the alkaline reaction. The 
liquid was kept at 35° and was vigorously stirred during the reaction, 
which was completed by heating at 100° for 40 minutes. After 
cooling, an equal volume of rectified spirit was added, and carbon 
dioxide passed through the solution for a prolonged period. The 
precipitated sodium salts were then removed by filtration through 
linen, and the filtrate was cautiously neutralised with dilute sulphuric 
acid. If kept over-night, a crop of sodium sulphate and sodium 
methyl sulphate separated, but as part of the product was retained 
by the crystals it was advisable to evaporate the liquid to a thick 
syrup and repeat the methylation a second time on the total 
product. In this and similar evaporations it was necessary to add 
barium carbonate, as otherwise acidity developed and hydrolysis 
occurred. For the same reason, the temperature was restricted to 
under 60°. 

The aqueous-alcoholic solution of the product, obtained jjfter 
the second methylation, was evaporated to dryness, and the residue 
extracted repeatedly with a large excess of boiling chloroform. 
The inorganic residues were similarly treated and yielded a further 
quantity of the methylated product showing the same composition 
(OMe, 22*7—23*6%). A third methylation was conducted on the 
material extracted by chloroform and thereafter the methylated 
starch was completely soluble in aqueous alcohol and was no longer 
occluded by the inorganic salts. The isolation of the product by 
extraction with chloroform was carried out as already described, 
but difficulty was experienced in filtering the chloroform solution by 
ordinary methods, as the methylated starch formed continuous films 
on the filter-paper. On removal of the solvent, a stiff syrup re¬ 
mained, readily convertible into a white powder; soluble in cold 
water, hot alcohol, and in chloroform, insoluble in ether. Traces 
of reducing sugars were present and the aqueous solution gave a 
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yellow colour with, iodine which was not discharged on heating. 
OMe = 27*2%. Yield 22 g. 

The silver oxide reaction was now applied to the product, which 
was boiled with excess of methyl iodide to which methyl alcohol 
was gradually added until the solution became comparatively clear. 
Silver oxide (51 g.) was then added in small amounts, and the mixture 
kept at the boiling point for 8 hours. Boiling ethyl alcohol was used 
as the extracting agent, the turbid solution being evaporated and 
the residue dissolved in chloroform. The silver salts were also 
extracted in a Soxhlet apparatus with the same solvent, the ex¬ 
tracts being united and the product recovered. Repetition of the 
alkylation in the same manner had very little effect on the methoxyl 
content, but, apparently owing to depolymerisation, the solubility 
of the product in methyl iodide increased steadily with each treat¬ 
ment. Concurrently, and contrary to general experience, the 
experimental loss increased with the solubility in methyl iodide. 


No. of silver oxide Wt. of methylated Vol. of MeOH 


methylations. 

starch. 

required. 

I 

21 g. 

65 c.e. 

2 

19 

39 

3 

15 

20 

7 

6 

3 


Methoxyl 

content. 

27- 8% 

28- 8 
28*6 
28*9 


The loss in yield was due to combination of part of the product 
with silver iodide as in the case of methylating glucosamine (Irvine 
and Hynd, J., 1912, 101, 1128). On extracting the plastic solid 
with boiling water for several hours the solution contained carbo. 
hydrate, a secondary amine and phosphate. 

Various attempts to purify the methylated starch obtained by the 
above operations were made, the most successful being boiling in 
chloroform solution with charcoal, but as this involved loss the 
material was separated into two portions by allowing an ethyl alcohol 
solution to stand in the cold. Any insoluble syrup which separated 
was removed and again methylated by the silver oxide reaction, so 
that ultimately the entire product was obtained in the soluble form. 
As the material had now acquired complete solubility in methyl 
iodide, two further methylations were given without the use of any 
extraneous solvent. In this way, dimethyl starch was obtained as 
a white powder, free from mineral matter and soluble in water, the 
solution giving no colour with iodine (Found: C, 504; H, 74; 
OMe, 32*7. Dimethyl starch requires C, 50-5; H, 74; OMe, 32-7 %). 
[a]i> in chloroform + 135*7° for c = 1*916. 

Hydrolysis of Dimethyl Starch.—Tim reaction was conducted in 
llfhe first place by heating a dilute solution in 2-5% hydrochloric acid 
for 3 hours. As the solution remained turbid, 
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the acid concentration was raised to 4% and heating was continued 
for an additional 3 hours, the reaction being completed by raising 
the temperature to 110° for 30 minutes. On filtering, a small 
quantity of a brown solid remained behind, and as this material still 
contained methoxyl it apparently consisted of one component of 
dimethyl starch which is highly resistant to hydrolysis. The clear 
filtrate, containing dimethyl glucose in solution, was treated so as 
to remove organic acids and was finally extracted with boiling 
acetone. The extract contained a thick syrup which when dis¬ 
solved in ethyl acetate partially crystallised, but the solid could not 
be isolated in sufficient amount for identification. The solubilities, 
rotation and analytical composition of the syrup were, however, 
identical with those ascribed to 2 : 3-dimethyl glucose (Irvine and 
Scott, J., 1913, 103, 575). Yield 75%. [«] 0 + 50-3° in acetone 

for c = 1 (compare 2 : 3-dimethyl glucose, [a] D + 50*9° in the same 
solvent). 

Preparation of Methylated Starch, 

The expression “ methylated starch ” is applied to the derivative 
in which seven hydroxyl groups out of nine have undergone methyl- 
ation, the formation of this compound being characterised by a sharp 
cessation in the methoxyl increase. In each experiment, 32 g. of 
starch were used, the initial procedure being as described in the 
preparation of the dimethyl derivative. After four successive 
treatments with methyl sulphate, the insolubility of the product 
in the alkaline liquor enabled the isolation to be greatly simplified. 
The liquid was poured away from the coagulated mass of organic 
material and the latter was dissolved in boiling rectified spirit, the 
solution being neutralised with dilute sulphuric acid. After removal 
of the precipitated sodium salts, the filtrate was evaporated in the 
presence of barium carbonate, and the residue extracted with boiling 
chloroform. Eemoval of the solvent left a stiff syrup which was 
boiled with dry ether to remove traces of solvent, a treatment which 
converted the product into a white flaky powder (Found in material 
dried at 100°/15 mm.: C, 51*1; H, 7*6; OMe, 35-5. “ Methylated 
starch ” requires C, 51*2; H, 7*5; OMe, 37*0%). Yield 21 g. 

When the above methoxyl content had been attained the applic¬ 
ation of the silver oxide reaction had practically no effect on the 
composition (Found: C, 51*1; H,7*5; OMe, 36*3%; [ajo in methyl 
alcohol + 186*3° for c = 1*934, in chloroform + 168*1° for c == 
2*029). Methylated starch displayed the same range of solubility 
as dimethyl starch and similarly had no action upon' Fehling’s 
solution. When acetylated by means of acetic anhydride in presence 
■of sodium acetate, it was converted into a granular acetate showing 
[a] D in chloroform + 191*7°. The acetyl content (11*8%) agreed 
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with the value calculated on the basis that two out of nine hydroxyl 
groups originally present in starch resisted methylation and, on 
subjecting the acetate directly to the methyl sulphate reaction, the 
original material was regenerated (OMe = 36%). 

Similarly, the use of diazomethane was ineffective in raising the 
methoxyl value, which remained remarkably steady in eight 
successive preparations of methylated starch (Found: OMe, 35-6; 
35*4; 35*2; 36*3; 35*8; 35*2; 35*4; 35*5%). The specific rotation 
in chloroform also showed little. variation, the extremes being 
Md + 151*5° and 152*6° for c = 1*25. These results point to the 
idea that methylated starch is a homogeneous definite compound, 
but it may be emphasised that the above specific rotation is greatly 
increased if in the preparation of the compound the methyl sulphate 
reaction is supplemented by treatment with silver oxide and methyl 
iodide. Typical examples are quoted : 

Methylations. 

(a) With methyl (6) With methyl 

sulphate. iodide. [a] D . Solvent. 

4 followed by 1 4-168*1° Chloroform. 

4 „ 3 169*5 

5 2 173*9 

4 „ 3 186*2 Methyl alcohol. 

Reasons exist for the belief that this alteration in rotatory power 
is attributable to depolymerisation. 

Hydrolysis of Methylated Starch . 

A 10% solution of methylated starch in methyl alcohol containing 
1% of hydrogen chloride was kept at the boiling point until the 
activity was nearly constant. Initially, the solution was opalescent, 
but rapidly cleared so that accurate readings were possible. Some 
typical results are quoted below, the complete series giving a smooth, 
unbroken curve. 

Time from start (hours) ... 2 3 5 6 7 8 

I>h .. 4*114*4° +99*8° +81*7° +75*0° 4-70*3° 4-69*8° 

The product, consisting of a mixture of methylated glucosides, 
was isolated in the usual manner and formed a clear viscous syrup. 
Practically the whole of the material dissolved in boiling ether and 
the syrup obtained on removal of the solvent was dried at 100°/I mm. 
Yield 21*8 g. from 23 g. of methylated starch. 

The two components, viz., trimethyl and dimethyl methyl- 
glucosides, were separated by a tedious method which need not be 
described as it has been superseded by a superior process. The 
^ mettyl^hcoside was finally distilled at 120°/0*7 mm. as a 

liquid (% D 1*4585) which crystallised. Wh&n purified 




THE CONSTITUTION OF POLYSACCHARIDES. PART X. 1515 

from light petroleum, the crystals melted at 57° and showed [a]x>—20° 
in methyl alcohol (Pound : C, 50*6; H, 8*5; OMe, 52*2. Calc, for 
trimethyl methylglucoside : 6,50*8; H, 8*5; OMe, 52-5%). The 
glucoside was converted into crystalline tetramethyl glucose by the 
usual processes, thus showing that it belongs to the stable type, and 
when hydrolysed with aqueous hydrochloric acid gave crystalline 
2:3: 6-trimethyl glucose in 94% yield (mutarotation in methyl 
alcohol + 83°—>68*3°. OMe, 41*8. Calc, for trimethyl glucose, 
41*9%). A careful search for tetramethyl glucose and for 2:3:4- 
trimethyl glucose gave entirely negative results. The dimethyl 
methylglucoside fraction distilled at 140°/0*4 mm. as a viscous 
liquid (Pound: C, 48*6; H, 8*1; OMe, 42*0. Calc.: C, 48*6; 
H, 8*1; OMe, 41*9%). As the compound was unknown, it was 
examined in some detail. On complete methylation, it was converted 
into tetramethyl methylglucoside, the (3-isomeride being present in 
excess, and when condensed with benzaldehyde it gave a benzyl- 
idene derivative. This crystallised imperfectly and could not be 
characterised definitely as the benzylidene dimethyl methylglucoside 
described by Irvine and Scott (J., 1913, 103, 575), although the 
similarity was very marked. Hydrolysis of the glucoside with 
aqueous hydrochloric acid gave the corresponding dimethyl glucose 
as a clear glass. This had the correct analytical composition and 
showed [a] D + 56*6° in acetone solution, but the material failed to 
crystallise. The sugar formed no phenylosazone and did not con¬ 
dense with acid acetone, properties which further suggest that the 
compound was 2 : 3-dimethyl glucose, but oxidation with nitric 
acid under the conditions described by Haworth and Leitch (Zoc. cit.) 
gave a complex mixture. It was, in fact, the study of this reaction 
which directed our attention to the untrustworthy nature of such 
oxidations. 

* With regard to the yields of the glucosides obtained from 
methylated starch it is important to note that tetramethyl methyl- 
glucoside was absent and monomethyl methylglucoside was present 
to an extent not exceeding 5%. The ratio of the dimethyl to the 
trimethyl methylglucoside was 1*85 :1, a result which shows that 
2 molecules of the former were produced to 1 molecule of the latter 
(calc., 1*88 :1). This was confirmed by repeating the complete 
series of experiments. 

Preparation of Trimethyl Starch . 

The methylation of starch may be carried to completion by 
continuing the methyl sulphate reaction in the manner now described. 
At the conclusion of the fourth methylation, when the reaction 
mixture was raised to 100° to destroy excess of methyl sulphate, the 
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liquid was saturated with salt. The hot liquor was then poured 
away, leaving the methylated starch adhering to the flask as a plastic 
mass. On adding hot water, a homogeneous syrup was gradually 
formed, and this was subjected directly to the next methylation, 
but at regular intervals the product was separated in a pure condition 
in order to ascertain with certainty the yields and analytical com¬ 
position. The homogeneous aqueous syrup was therefore carefully 
neutralised with sulphuric acid and, after dilution with water, 
extracted by shaking with chloroform. The residue left on evapor¬ 
ation of the solvent was dried and taken up in dry chloroform, the 
solution being boiled for 20 minutes with charcoal and filtered hot. 
A hard, brittle material was left on removal of the chloroform and 
this, on boiling with ether, was converted into a white, amorphous 
powder. The treatment with ether eliminated traces of solvent and 
also removed a small quantity of depolymerised material. The 
following table indicates the progressive nature of the methylation : 


No. of methylations ...... 5 10 14 20 24 

% OMe . 35-5 39-6 41-4 43-2 43-7 

[a] in CHCI 3 (c « 1*7) ... +173-9° +196*8° +204*8° +207*2° +216*5° 


At each stage, the carbon and hydrogen values were consistent with 
the methoxyl content, thus showing that the methylation proceeded 
without molecular rupture. 

Starting from 32 g. of starch, the average yield after ten methyl¬ 
ations was 15 g. and thereafter the experimental loss was regular, 
amounting to less than 0*4 g. per treatment. The final product 
(10 g., m. p. 143—146°) was a white powder less soluble in hot 
water than in cold, insoluble in ether, readily soluble in chloroform 
and in methyl alcohol. The aqueous solution was neutral, had no 
action upon Fehling’s solution and gave no coloration with iodine 
(Found: 0,52*6; H, 8*0; OMe, 43*75. Calc, for trimethyl starch : 
C, 52*9; H, 7*8; OMe, 45*6%). 

Hydrolysis of Trimethyl Starch. 

Method {a). Uncontrolled Hydrolysis .—An 8% solution of 
methylated starch in methyl alcohol containing 1% of hydrogen 
chloride was heated at 100° for 24 hours and thereafter at 130° 
for 12 hours. The solution, which remained practically colourless, 
was neutralised with silver carbonate, filtered, taken to dryness, 
and the residue dissolved in ether. On filtering and evaporating, 
a colourless syrup remained (yield 94% of the theoretical amount) 
which was distilled under 0*1 mm. pressure. As the first drops of 
showed 1*4551 and had OMe 51*4%, tetramethyl 
was definitely absent. The main fraction (yield 
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84%), which showed n D 1-4583 and OMe 51-9%, consisted of tri¬ 
methyl methylglucoside, a small, undistilled residue (OMe, 44%) 
being left in the flask. As under the conditions of the experiment the 
methylated glucoside was a mixture of a- and (3-forms, it failed to 
crystallise (Found : C, 50*6; H, 8-4; OMe, 51-9. Calc, for trimethyl 
methylglucoside: 0,50*85; H, 8-5; OMe, 52-5%. [a] D in methyl 
alcohol + 69*8° for c = 1). 

The glucoside was thereafter hydrolysed by heating at 100° in 
5% aqueous hydrochloric acid, the progress of the reaction, which 
was followed polarimetrieally, displaying the characteristic double 
change in activity. 

Tim© from start. (aj^ for c ~ 5. 

15 minutes. +69*1° 

45 minutes. 79*2 

1 hour-45 minutes. 74*6 

2 hours 30 minutes. 63*9 

The hydrolysis sugar, on isolation, crystallised immediately and 
completely, the m. p. before crystallisation being 70—80°, and, after 
purification from ether, 114°. This value remained unaffected on 
admixture with an authentic specimen of 2:3: 6-trimethy]glueose 
obtained from cellulose. The yield of crystalline sugar was 77% 
and the mother-liquors contained only a small quantity of unerystal- 
lisable syrup. Contrary to expectation, this was not the isomeric 
2:3: 4-trimethyl glucose, as on conversion into the corresponding 
acetobromide and thereafter into trimethyl p-methylglucoside the 
product, after recrystallisation, melted at 57*5°. The compound 
also showed the correct mixed melting point and the standard 
specific rotation for 2 : 3 : 6-trimethyl methylglucoside. 

Method (6). Graded Hydrolysis .—In this case, the hydrolysis was 
controlled so as to trace the stages of the reaction. The methylated 
starch (12 g.) was dissolved in 250 c.c. of methyl alcohol containing 
1% of hydrogen chloride and boiled under a reflux condenser until 
the activity of the solution diminished to a minimum. This point 
was reached in from 8 to 9 hours and the product was isolated in 
the usual way. When distilled under 0-8 mm., 10-5 g, of pure 
trimethyl methylglucoside were obtained, whilst 2*8 g. remained 
undistilled. The distillate crystallised readily and, after purification 
from low-boiling petroleum, melted at 57-5° and showed [a] D —29*3° 
in methyl alcohol for c = 1. When it was hydrolysed with 5% 
aqueous hydrochloric acid, the specific rotation altered from —25*4° 
to + 59*5° in 200 minutes, and crystalline 2 : 3 : 6-trimethyl glucose 
Was ultimately obtained, the yield being 82%. A portion of the 
trimethyl methylglucoside failed to crystallise, but this material, 
which presumably contained the a-isomeride, was recovered from 


Time. [aj p . 

3 hours. +69-3° 

3 hours 45 minutes. 72*4 

4 hours. 76*4 
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the tile and hydrolysed separately. In tliis case also, 2:3:6- 
trimethyl glucose was the only sugar formed. 

As already stated, 2*8 g. of non-volatile material were left 
undistilled when the hydrolysis of methylated starch was conducted 
as now described. The substance was a hard glass and consisted of 
depolymerised trimethyl starch (Found : C } 52*5; H, 8*0; OMe, 
43%), as the composition remained unaltered but the solubility had 
increased while the specific rotation had diminished to + 86*9° in 
chloroform. Hydrolysis took place only when this material was 
heated for many hours at 130° with methyl alcohol containing 1% 
of hydrogen chloride, but the essential product was, as before, 
2:3: 6-trimethyl methylglucoside (OMe 41*6%; n D 1-4590). This, 
in turn, was converted into crystalline 2:3: 6-trimethyl glucose, 
the identity of which was confirmed by transformation into the 
corresponding (3 - methylglue oside. No trace of the 2:3:4- 
isomeride could be detected. 

The authors gratefully acknowledge their indebtedness to the 
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CXCVI .—The Ultra-violet Spectra of Praseodymium, 
Neodymium, Samarium, Europium, and Erbium . 

By James Henry Gardiner. 

Very little work has been done in the photography of the ultra¬ 
violet absorption spectra of the rare earths, possibly on account 
of the rarity of the elements themselves and of the difficulty of 
photography. 

Having in my possession specimens of many of the rarer 
elements in a state of purity, I thought that it would be of interest 
to place on record photographic reproductions of the absorption 
spectra of some of them. The five named above were found to 
give well-defined absorption bands in the region under examin¬ 
ation ; these spectra are shown together with a photograph of the 
light used to produce them. Photographs of this character lose 
much of their value unless care is taken to ensure uniformity in the 
oondiiaansunder which they are produced. 

8i»etaugraph used is of novel design and has been constructed 
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purposely for this class of work; it consists essentially of a pair of 
quartz “ Cornu 5J prisms with plano-convex collimating and object 
lenses. The 64 comparison spectrum *’ that is given in each case is 
put into position without any movement of the film by passing the 
radiation into the spectrograph through an aperture in a metal disc 
which is fixed in front of the slit: this disc has holes of different 
sizes and in different positions and it can be moved so as to confine 
the radiation entering the instrument to any one of them at will. 

For this work it was necessary to use a very narrow slit, and 
it was essential for purposes of comparison that there should be no 
variation from the width in any of the spectra. A thick brass 
plate with a slot 2 mm. wide and 10 mm. long was made, and 
by the point, slot, and plane method it could be accurately 
fixed in the optical centre of the quartz train; upon the flat surface 
of the plate, jaws of hard steel with accurately ground edges were 
clamped at the determined width of 0*03 mm. This device of a slit 
with jaws that are immovable removes any possibility of accidental 
variation in its width such as would arise if it were adjusted by a 
screw. 

All the photographs given are made with the same slit. The 
light used for the absorption spectra was produced by passing a 
high-tension current between electrodes of metallic uranium, pro¬ 
ducing a spark very rich in ultra-violet radiation. The spectrum of 
uranium has such a great number of lines so close together that, 
for the present purpose, it may be regarded as continuous. 

At the top of each absorption spectrum and slightly overlapping 
it, is projected the spark spectrum of an alloy of the metals zinc, 
cadmium, mercury, and tin. These elements give well-defined lines 
of which the wave-lengths are known to a great degree of accuracy; 
their values given on each photograph make it possible, by 
means of a simple interpolation curve, to find the value of any 
of the bands shown. The wave-lengths of the approximate centres 
of the bands are given, although the photographs themselves are of 
more value than tables of wave-lengths and descriptions of the bands. 

It was considered essential that the strengths of the solutions, 
i.e. 9 the amounts of the element present in each case, should be 
comparable or at least accurately known. The rarity of the 
materials available, and the obscurity of the chemistry of some of 
them, made this a matter of difficulty, but after some preliminary 
work it was decided to take the crystalline nitrates which have the 
general formula of R(N0 3 ) 3 ,6H 2 0 as the basis of the solutions. 
( These salts are easy to prepare and are soluble in water. As in 
some cases only a fraction of a gram of the element was available, 
it was decided to make all solutions from a weighed quantity of the 



1520 GARDINER : THE ULTRA-VIOLET SPECTRA OF PRASEODYMIUM, 

salt with ten times its weight of water. The solutions were in all 
cases put into a cell made from a glass cylinder, 20 mm, long, 
closed at the ends with plates of thin quartz. 

The procedure for the production of a photograph was as follows. 
By adjusting the aperture-disc so that the light passed into the 
upper part of the slit, an exposure was made to the light from the 
metallic alloy, and the disc was then rotated so as to present another 
opening slightly overlapping the first; the cell containing the 
solution was fixed in front of the slit, an exposure was given for 
3 minutes to the uranium spark, the disc was again shifted so as to 
expose another part of the slit, and the solution was removed and 
another exposure given to the same light for the same time; this 
last exposure was considered to be advisable for reasons that will 
appear later. 

In addition to the five elements that form the subject of this 
paper, 1 :10 solutions of the nitrates of the following elements were 
made and their absorption spectra were photographed : lanthanum, 
ytterbium, gadolinium, terbium, thorium, cerium, and scandium. 
They did not show any absorption bands in the region under 
examination, i.e., from 400^1 to the commencement of transmission, 
which in all cases was at about 350 The elements giving 
absorption bands are described in the order of their atomic numbers. 

Praseodymium .—This specimen was prepared some years ago 
by Thompson. The nitrate gives well-defined crystals dissolving 
easily in water to a brilliant green solution; the dried crystals, 
Pr(N0 3 ) 3 ,6H 2 0, were used for the solution which was placed in the 
ceil described above. The spectrum shows that it is quite free from 
neodymium and gives three well-defined bands at the least refrang¬ 
ible end; the approximate centres of the bands are 482^, 468up, 
and 442 {jljx (Fig. I). 

Neodymium .—This material was obtained from the Welsbach Co. 
in the form of deliquescent crystals of pale rose colour; it was 
recrystallised by keeping the solution over sulphuric acid and gave 
good crystals of Ne(NO s ) 3 ,6EUO. The spectrum (Fig. II) shows that 
the material is not quite free from praseodymium, but the three 
bands corresponding to this element are very faint; the bands 
of neodymium, however, are definite* and in this region of the 
spectrum are represented by a very faint and narrow band mid¬ 
way between the two least refrangible bands of praseodymium, at* 
474‘5|ifi, and a well-defined group of three bands which do not 
appear to have been recorded hitherto; the wave-lengths of their 
maxima are approximately: 

| *■ Centee of the strongest part of a band having a broad 
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350*5 pjx. Brightest edge of a band, fading off at the most 
refrangible edge; 

346-7 pp. Centre of the most refrangible band. 

Anf interesting confirmation of the allocation of the faint band 
at 474*5 pp to neodymium is seen by reference to Fig. Ill, which 
is the absorption spectrum of a 1 :10 solution of the nitrate of a 
specimen of didymium prepared, in the form of a dark brown 
oxide, by Cleve in 1884—some 12 months before Welsbach an¬ 
nounced his discovery of the complex nature of the substance. It 
can be seen that all the bands of praseodymium and neodymium are 
visible, including the faint one at 474-5 pp.* 

Samarium ..—Samarium nitrate forms yellow crystals of 
Sm{N0 3 )3,6H 2 0. The spectrum of its solution is characterised by 
a very strong band having sharp edges and by four other broad, but 
faint, bands; there is also an indication of a fifth band, but it is too 
faint to measure. As the spectrum as a whole did not seem to 
correspond to the description given by Demarcay (Compt. rend ., 
1900,130, 1185), other photographs of it were made using stronger 
solutions, but the character of the bands did not change. The 
measurements of the approximate centres of the bands are 
(Fig. IV): 

First faint band : 479 pp. Centre of dominant band : 402 pp. 

Centres of other faint bands : 375 pp, 362 pp, 344 pp. 

Europium .—This element is one of the rarest of the yttria earths. 
The oxide of the specimen under examination was of a faint cream 
tint, whereas it is said to be light pink. The spectrum shows a 
strong but narrow band with a very sharp edge on the more refrang¬ 
ible side, and one other faint but equally sharp band; the wave¬ 
lengths of the approximate centres are 393 pp and 361 pp (Fig. V). 

Another specimen of this earth from an unknown source gave 
exactly the same spectrum. 

Erbium .—The material from which the nitrate was prepared was 
a pink oxide prepared by Cleve in 1885. The wave-lengths of the 
absorption bands as deter mi ned by various observers vary con¬ 
siderably, but in this case there was one dominant band accompanied 
by four others that are all very faint; the wave-lengths of the 
approximate centres are as follows (Fig, VI); 

A strong band at 485 pp; a very faint barfd at 449 pp. 

* In discussing the spectrum of neodymium, J. F. Spencer (“ The Metals of 
the Rare Earths, 55 1919) states that a hand with a maximum at 469 pp coincides 
exactly with one of the praseodymium bands and that this has led to the 
view that these substances contain an undiscovered element. The photo¬ 
graphs of Clove’s old didymium and of the later praseodymium and neodymium 
fail to justify this view, as all the bands of the old element in this region 
•of the spectrum are accounted for 
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The dominant band, sharp on the least refrangible side, at 379 jjtjx. 

A very faint band, which is crossed by a strong uranium line 
(from the source of light), at 363 \ty.. 

A very faint line at 365 

This element is said to be slightly radioactive and a photo¬ 
graphic experiment was therefore made : the oxide was filled into a 
tube closed at the end by a sheet of aluminium foil 0*04 mm. thick, 
which was fixed on a photographic plate so that the oxide was 
separated from the sensitive surface by the aluminium, and it was 
shut up in a dark box for 7 days. On developing, a faint but 
decided impression was obtained, where the oxide had rested. A 
similar experiment made with europia also gave an indication of 
radioactivity, but much more feebly. 

[ Received , January 21th , 1926.] 


CXCVTL —Extinction of Methane Flames by Diluent 

Gases . 

By Hubert Frank Coward and Francis John Hartwell. 

In the course of an investigation on the influence of black- 
damp (a mixture of nitrogen and carbon dioxide) on the limits 
of inflammability of firedamp (methane) in air (Safety in Mines 
Research Board, Paper No. 19; London, H.M. Stationery Office, 
1926), some new information has been obtained concerning the 
factors which determine whether or not a gas mixture is capable 
of self-propagation of flame. Volume for volume, carbon dioxide 
exceeds nitrogen in its extinctive action on flame—an effect which 
is generally attributed to the higher molecular heat capacity of 
the former. Argon, a gas of lesser heat capacity than either, 
proves to have less extinctive action. On the other hand, helium 
is much more extinctive of flame than argon, although the two 
have almost exactly the same heat capacities. 

The limits of inflammability of methane, in various “atmo¬ 
spheres, 53 composed of mixtures of air with one or other of the 
diluent gases, were determined in a vertical glass tube, 6 feet long 
and 2 inches in diameter. This tube was filled with an appro¬ 
priate mixture, the lower end was then opened by sliding away a 
ground-glass joint and a small spirit-lamp flame was immediately 
passed across the aperture. The tube was sufficiently long to 
enable observers to judge whether a flame was self-propagating; 
for, if the mixture were incapable of continued self-propagation 



EXTINCTION OF METHANE FLAMES BY DILUENT GASES- 1523 

of flame, the “ cap 55 of flame formed above the source of ignition 
was extinguished within 2 feet of its passage up the tube.* 

General Observations on the Flames. 

The flame front, as the flame passed up the tube, was in all 
cases nearly hemispherical in shape, sometimes with a hollow, 
cylindrical extension of variable length. The blue flame front 
was followed by a red glow in all upper-limit mixtures, an evidence 
of some residual chemical reaction. The speed of propagation of 
flame in all limit mixtures, lower or higher, was remarkably con¬ 
stant at 22 to 23 cm. per second, except that the speed was 
somewhat higher when helium was the diluent used. 

The flames in certain upper-limit mixtures vibrated rapidly 
when within 1 or 2 feet of the top of the tube. During these 
vibrations the flame, on occasion, was extinguished; however, 
when a pad of cotton wool was held loosely over the open end 
of the* tube during the progress of the flame, vibrations were not 
observed and the normal shape of flame front and speed of pro¬ 
pagation were obtained. Furthermore, the flame vibration started 
at the moment when the contraction due to cooling behind the 
flame became equal to, or just exceeded, the expansion due to 
new combustion; i.e., at the moment of change, at the open mouth 
of the tube, from an outflow of gases to an inflow of air. 

These observations afford a clue to an understanding of the 
causes of vibration in flames travelling along tubes, and will, it is 
hoped, form the subject of a later communication. 

Limits of Inflammability of Methane-Air Mixtures in the Tube 
Used. —The limits in the circumstances described were 5-24% 
methane (lower) and 14*02% (higher) These may be taken as 
accurate to 0*02%. Most of the results in the following sections 
were determined within 0*05%. 

* In all the experiments recorded here, the gases were roughly dried by 
passage over calcium chloride, and contained less than 0*1% of moisture. 
They were at laboratory temperature up to the time of inflammation, and 
at laboratory pressure during the whole time of passage of the flame; the 
latter condition was secured by leaving the lower end of the tube open while 
the flame was passing up the tube. Ordinary variations in laboratory tem¬ 
perature and pressure have no measurable effect on the limits of methane- 
air mixtures (Mason and Wheeler, J., ISIS, 113, 45). 

f When the gases were saturated with water vapour (1*0%) at the tem¬ 
perature of the experiment, the limits proved to be 5*22% methane (lower) 
and 13*54% (higher). These are the actual proportions of the gas present 
in the moist mixture; expressed (as usual from gas analyses) as percentages 
of the water-free mixture, they become 5*33 and 13*80. These last figures 
may be compared with earlier determinations which are, as a rule, expressed 
in this manner. 
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Influence of Carbon Dioxide on the Limits of Inflammability of 
Methane-Air Mixtures .—The heavy curve in Fig. 1 represents the 
limits of inflammability of methane in atmospheres composed of 
pure air admixed with the indicated amounts of carbon dioxide. 
The limits are narrowed as the amount of diluent gas is increased, 
until they meet when the atmosphere contains somewhat less 
than 25% of carbon dioxide. The increase in the lower limit is 

Fig. 1. 
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apparently due to the greater thermal capacity of the carbon 
dioxide, whilst the decrease in the higher limit is due to the com¬ 
bined effect of this and of the reduction in oxygen content of the 
atmosphere. 

In the same figure are plotted results obtained by Eitner (Habi- 
UtatioTisschrift, Miinchen, 1902)/ Clement (U.S. Bureau of Mines , 

1913, Technical Paper 43), and Leprince-Ringuet (Compt. rend., 

1914, 158, 1999). They are not strictly comparable, however. 
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for the conditions of experiment were somewhat different in each 
case. Thus Eitner’s and Leprince-Ringuet’s refer to experiments 
on the downward propagation of flame in these mixtures, and 
Clement’s to the propagation from a point near the top of a Hempel 
burette, or of a steel cylinder of some 3 litres capacity. The wider 

Fig. 2. 
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limits indicated by our experiments, in which upward propagation 
was observed, were therefore to be expected. 

Influence of Nitrogen on the Limits of Inflammability of Methane- 
Air Mixtures .—The heavy curve of Fig. 2 represents correspond¬ 
ingly the limits of methane in atmospheres composed of pure air 
admixed with the indicated amounts of nitrogen. The extinctive 
effect of nitrogen is considerably less than that of carbon dioxide, 
for the two limits do not coincide until about 38% of added nitrogen 
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is present in the atmosphere, as compared with 25% of carbon 
dioxide. These figures are almost exactly in the inverse ratio of 
the mean molecular heats (at constant pressure) of the two gases 
between room temperature and the flame temperature. Hence 
the difference in extinctive action is doubtless due to the difference 
in heat capacities of the two diluents. The lower limit shows a 
small but definite rise with increase in the proportion of nitrogen. 
As this diluent has the same heat capacity as air up to, and beyond, 
the flame temperatures of these experiments, this small rise must 
be ascribed to the reduction of the oxygen content of the atmo¬ 
sphere. The effect is masked by the operation of other factors 
when other chemically inert diluents are used. 

Fig. 2 shows also the results of Clement (Zoe. tit.), Leprince- 
Ringuet (loc. tit.), and Burgess and Wheeler (J., 1914, 105, 2596). 
Here, again, the results are not closely comparable with the present 
series, for they were obtained under different conditions; but 
whereas for carbon dioxide-air 4t atmospheres 55 all the previous 
results showed narrower limits than those now presented, one set 
of the nitrogen results (Burgess and Wheeler’s) shows, in general, 
greater values for the higher limits. Now those experiments were 
conducted in closed vessels, wherein the pressure rose considerably 
(several atm.) during the inflammation, and Mason and Wheeler 
(J., 1918, 113, 45) have shown that increase of pressure increases 
markedly the higher limit of methane-air mixtures. 

Influence of Argon on the Limits of Inflammability of Methane- 
Air Mixtures .—If the conclusions drawn from the experiments 
with atmospheres containing carbon dioxide and added nitrogen 
are correct, the lower limit of methane will have smaller values in 
atmospheres made from air and argon than in air itself, for argon 
has a lower heat capacity than air. Fig. 3 shows that such is the 
case, and that the minimum value of the lower limit is 4*40% of 
methane in an atmosphere composed of about 47% of argon and 
53% of air, as compared with 5*24% of methane in the case of 
pure air. It requires nearly 51% of argon in admixture with air 
to produce an atmosphere which cannot form an explosive mixture 
with methane. 

Influence of Helium on the Limits of Inflammability of Methane- 
Air Mixtures .—The heat capacity of helium is very nearly equal 
to that of argon and each, apparently, remains constant up to 
high temperatures. If, therefore, the extinctive effect of an inert 
gas is solely due to its thermal capacity and to its effect on the 
oxygen concentration of the atmosphere, the limits of methane 
should be identical in atmospheres composed of ordinary air mixed 
|ia see case with argon and in another case with an equal volume 
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of helium. Fig. 3 shows the action of helium, which, contrary to 
expectation, is markedly more extinctive of methane-air flames 
than is argon.* From a detailed consideration of the physical 
differences between these two gases, we ascribe the superior extinct¬ 
ive action of helium to its greater thermal conductivity,f which is 
more than eight times that of argon, at laboratory temperatures. 
We have no experimental information about the temperature 
coefficients of the conductivities of such mixtures as we are using. 

Fig. 3. 
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* A mixture of composition CH 4 -f- 20 s was diluted with (a) argon, 
(6) helium, until it was no longer inflammable. The limit mixtures contained 
(a) 3*95, (b) 5*00% methane. For downward propagation of dame in a tube 
of the same size, firing from near the open end, similar results were obtained; 
in. an atmosphere composed of 80% of air and 20% of inert gas, the lower 
limits were (a) 5-50, (b) 5-75% methane when the inert gas was (a) argon, 
(5) helium. 

f The thermometric conductivity, or diSusivity, which is equal to the 
thermal conductivity divided by the specific heat (C,) of unit volume, is the 
function which would have to be used in a quantitative analysis of the 
phenomena of flame transmission. In the present argument, the terms may 
be used interchangeably. 
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but some indication is given by Stafford's work (Z. physiJcal. Chem., 
1911, 77, 66) on the temperature coefficients of the conductivities 
of air and carbon dioxide separately, and Weber’s work {Ann. 
Physih, 1917, 54, 481) on the conductivities of some mixed gases 
at laboratory temperatures. It seems highly probable that the 
thermal conductivity of a gas mixed with helium will be greater 
than that of a corresponding mixture with argon, and that this 
will be true at the somewhat high temperatures of the flames in 
limit mixtures. At first sight, it is surprising that the higher 
thermal conductivity of helium should be responsible for its greater 
extinctive action; but if the propagation of flame is due to con¬ 
duction of heat, then at either zero or infinite values of the thermal 
conductivities flame would not be propagated. Between the two 
values, zero and infinity, an optimum value for the conductivity 
must obtain; so it is evident that the higher conductivity of the 
helium mixtures may well be less favourable to flame propagation 
in limit mixtures than the lower conductivity of the argon mixtures. 

This conclusion is in good accord with, and receives support 
from, observations made by Coward, Cooper, and Jacobs (J., 
1914, 105, 1069). They found that it was much more difficult 
to ignite, by the electric discharge, mixtures of various gases when 
diluted with helium than when argon was used, and they interpreted 
the results in a similar manner. 

General Discussion. 

If, therefore, it is probable that the differences between the 
argon and helium curves are due to the different thermal con¬ 
ductivities of the two gases, it is necessary to consider how far the 
discovery of the influence of this factor may affect our previous 
conclusions as t-o the influence of varying heat capacities. 

The thermal conductivities at 0° of the gases under consider¬ 
ation are (Glazebrook, ” Dictionary of Applied Physics,” 1922, 
voL 1, p. 459) 

Helium . 32*7 X 10~ 3 Nitrogen . 5*14 x 10~ 5 

Argon .. 3-85 „ Air . 5-22 

Carbon dioxide. 3-25 „ 

The difference in thermal conductivity between carbon dioxide 
and nitrogen (1-9 units) seems far too small to account for the 
difference in extinctive action between these two gases, for there 
is about the same difference in extinctive action between helium 
and argon for a very much greater difference in thermal conductivity 
(28-9 units). We may therefore adhere to our earlier conclusion 
that the thermal capacity factor is predominant in determining 
the relative extinctive effects of two diluent gases, but we may 
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add that, when a gas of very different thermal conductivity is 
introduced, then this factor will become important. 

A Connexion between Lags on Ignition and Dilution Limits .— 
When inflammable mixtures of methane and air are heated to any 
temperature above their ignition temperature, a distinct interval 
of time must elapse before inflammation is observed. The relative 
ease of ignition of methane-air mixtures containing the various 
diluents used in this research, as indicated by their relative “ lags 5> 
on ignition, might be regarded as a governing factor in deter¬ 
mining the order of the limits. Determinations of such “ lags ” 
have recently been made in the Safety in Mines Research Board 
Laboratories in connexion with another research which will be 
published shortly. At the temperature of the flames in limit 
mixtures (calculated to be between 1100° and 1400°) the lags, 
under the conditions of experiment, were too short to be measured 
for comparative purposes, but at 950° they were reasonably long, 
and are shown for 6% methane mixtures in atmospheres con¬ 
taining 30% of diluent. The same table also shows the limiting 
proportion of the diluent which is completely extinctive at normal 
temperature and pressure. 

Diluent. Carbon dioxide. Nitrogen. Helium. Argon. 

Lag (seconds) . 0*275 0*25 0*22 0*19 

Limiting proportion (%) ... 25 38 39 51 

It is tempting, perhaps, to explain the relative extinctive effects 
as being the result of the relative lags; but it is more reasonable 
to regard the lags as determined largely by the same factors as 
dete rmine the extinctive effects, namely, thermal capacities and 
thermal conductivities, because the lag is generally explained as 
being the period in which the gas mixture is heating itself, by 
partial combustion, to the temperature of rapid reaction. Other 
circumstances being equal, the lag must therefore be shorter in 
the presence, not only of inert gases of lower thermal capacity, 
but also of gases of lower thermal conductivity. 

The Most Inflammable Mixture of Methane and Air .—The broken 
line in Fig. 3 is the locus of mixtures in which the ratio between 
methane and oxygen is exactly that required for complete com¬ 
bustion, CH 4 :20 2 . This line runs through the ee noses ” of the 
limits curves, and therefore, from this point of view, the most 
inflammable of all mixtures of methane and oxygen is that which 
burns completely to carbon dioxide and water. This is also the 
mixture in which the speed of uniform movement of flame is greater 
than in any other mixture of methane and oxygen {Payman, J., 
1920, 117, 48). On the other hand, the detonation wave is pro- 
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pagated more rapidly in mixtures in which the methane content 
exceeds that required for complete combustion (Dixon, Phil. 
Trans ., 1893,184, 97); in this case, the heat of reaction is evidently 
subordinated by those physical properties of the explosive mixture 
which govern the rate of transmission of a disturbance like a sound 
wave. Moreover, the speed of uniform movement of flame in 
methane—mixtures reaches its maximum when the proportion 
of methane is somewhat higher than the theoretical amount for 
complete combustion (Wheeler, J., 1914,105, 2806), whilst mixtures 


Em. 4. 



Oxygen in limit mixture, per cent. 


cont a in ing an excess of air are more readily ignited by a heated 
surface or by an electric spark. 

Test of the “ Limits Generalisation ” of Pay man .—Le Chatelier 
(Ann. Mines, 1891, 19, 388) gave a formula which enabled the 
lower limit in air of a mixture of two inflammable gases to be 
calculated from the observed limits of the separate gases. This 
formula was put in more general form by Coward, Carpenter, and 
Payman (J1919, 115, 27) and was shown to apply to lower and 
higher limits, in air, of mixtures of hydrogen, methane, and carbon 
monoxide, and of coal gas. It expressed in mathematical terms 
the statement that e< lower-limit air mix tures, if mixed in any 
proportions, give rise to mixtures which are also at their lower 
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Payman (J., 1919, 115, 1436) gave the statement a still wider 
form which applies to cases in which the atmosphere is not air : 
“All mixtures, in any proportions, of limit mixtures remain limit 
mixtures . . . provided that all of the limit mixtures are of the 
same kind, that is to say, all lower-limit or all upper-limit mix tures/ : 
This statement is tested by the present research for atmospheres 
which contain large quantities of carbon dioxide, excess nitrogen, 
argon, and helium. It holds good in each case when mixtures 
represented by points on the straight part of a curve (Fig. 4) * 
are considered; it fails when points on the curved parts are con¬ 
sidered, and the extent of the failure is represented by the greater 
or lesser curvatures at the point chosen. The generalisation is 
therefore fairly accurate for methane in atmospheres composed of 
air mixed with the inert gases named, except when applied to those 
mixtures the composition of which approaches the point where the 
lower and higher limits coincide. 


Results. 

Limits of inflammability of methane in atmospheres composed 
of air mixed with various diluent gases, observed in a vertical 


tube 2 inches in diameter, upward propagation of flame, the lower 
end of the tube being open; gases at atmospheric temperature 


and pressure. 







Limits of 


Limits of 

Diluent in 

inflammability. 

Diluent in 

inflamm ftbj 1 i fy _ 

“ atmosphere ” 


*.——■ „ 

“ atmo¬ 

, - 

--N 

%-, 

Lower. 

Higher. 

sphere ” %. 

Lower. 

Higher. 

Nil. 

5*24 

14*02 

Nitrogen. 





19*6 

5*39 

— 

Carbon dioxide. 



19*8 

— 

9*97 

100 

5*61 

11*40 

28*5 

— 

8*18 

20-0 

6*07 

8*95 

30*0 

5*55 

— , 

230 

6*57 

8*23 

33*8 

— 

7*18 

24*5 

7*12 

7*47 

35*0 

5*63 

— 

Argon. 



37*9 

6*01 

6*26 

200 

4*91 

— 




20*6 

— 

10*62 

Helium. 



20*9 

4*60 

— 

12*8 

5*27 

— 

31*3 

-— 

8*85 

16*0 

— 

10*90 

37*2 

4*48 

— 

22*8 

5*35 

— 

43*6 

— 

6*62 

25*6 

— 

9*40 

46*6 

.— 

6*11 

27*7 

— 

8*93 

46*9 

4*40 

— 

31*3 

— 

8*14 

50* S 

4*87 

— 

35*3 

— 

7*27 

50*9 

— 

4*99 

35*5 

5*40 

—. 




38*2. 

— 

6*56 




38*5 

5*83 

— 


* The replotting of the experimental values on a different basis from that 
of Fig. 3 is necessary to exhibit the approach to a rectilinear character which 
tests the validity of the generalisation. 
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Summary. 

L The limits of inflammability of methane in atmospheres 
composed of air mixed with (a) carbon dioxide, (6) nitrogen, 
(c) argon, and (d) helium have been determined, and the factors 
which are mainly responsible for the extinction of flame have been 
elucidated. They are (1) the reduction of oxygen content by 
the diluent gas. (2) its thermal capacity, and (3) its thermal con¬ 
ductivity. An exact treatment of the subject would therefore 
demand a knowledge of the thermal conductivities of certain mixed 
gases up to high temperatures (say, 1000° to 1500°). Such data 
are not at present available. 

2. The thermal capacity effect of the diluent gas is marked in 
the case of argon; the lower limit of methane in the conditions 
described is reduced from 5*24% in air to 4-40% in an atmosphere 
composed of 47% of argon and 53% of air, and is further reduced 
to 3*95% in an atmosphere composed of argon with just sufficient 
oxygen to bum the methane completely. 

3. The thermal conductivity effect is marked when a comparison 
is made between the limits in atmospheres composed of air to 
which has been added argon, on the one hand, or helium on the 
other. 

4. The " limits generalisation ” of Payman holds fairly accurately 
over the whole range of mixtures investigated, except near the 
point at which the lower and higher limits meet. 

5. Of all mixtures of methane and oxygen, that represented by 
the proportions CH 4 + 20 2 is the last to become non-inflammable 
as inert gases (nitrogen; or nitrogen with carbon dioxide, argon, 
or helium) are added in increasing amount. 

8. There is a parallel between the 64 lags ?? on ignition and the 
dilution limits of such mixtures as we have used. It is suggested 
that both are dependent on the same factors, in the case of any 
one inflammable gas. 

This work has been carried out at the suggestion and under the 
general direction of Professor R. V. Wheeler. We desire to express 
our appreciation of the able manner in which Miss E. H. M. George- 
son and Mr. G. W. Jones, at Sheffield and Pittsburgh, respectively, 
have assisted us in this investigation, and to acknowledge the 
permission granted by the two organisations concerned to publish 
this work. 

Safety in Mines Research Board Laboratories, Sheffield. 

Bureau of Mines Experiment Station, 

Pittsburgh, U.S.A.. [Received, April 15 th, 1926.] 
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CXCVIII .—Periodic Phenmyiena at Anodes of Copper 

and Silver . 

By Ernest Sydney Hedges. 

The only case of the periodic dissolution of a metal under anodic 
polarisation which has received systematic examination is the 
periodic passivity of iron. A complete series of references to this 
and other periodic electrochemical phenomena is to be found in a 
paper by Hedges and Myers (J., 1925, 127, 1013). In that paper, 
periodic electrochemical phenomena were classified in two groups : 
(a) systems which are capable of furnishing a periodic current, 
and ( b) systems which behave periodically on electrolysis; and 
the experimental portion was devoted to section (a). The present 
work is an experimental investigation of section ( b ). 

The reactions differ in several important respects from the 
experiments of Hedges and Myers (J., 1924, 125, 604; 1925, 127, 
445) on the periodic dissolution of metals in various reagents in 
absence of applied current. For example, a metal which liberates 
hydrogen when dissolving in an acid may undergo electrolytic 
dissolution without production of any gas, or at suitable current 
densities oxygen may be evolved at its surface. The absence of 
gas evolution enables diffusion effects, supersaturation, and film 
formation to play important roles, and the system may be further 
complicated by polarisation, overvoltage, etc. 

It is not surprising, therefore, that the electrolytic periods 
described in the present paper should differ in some fundamental 
respects from the periodic phenomena in purely chemical reactions. 
Thus, the periods formerly described were (1) dependent on the 
presence of a third component, (2) dependent on a peculiar physical 
state of the metal, (3) increased in frequency linearly with the rate 
of dissolution, and (4) lengthened enormously or stopped altogether 
by catalytic poisons. On the other hand, the electrolytic periods 
now described are (1) independent of a third component, (2) inde¬ 
pendent of the state of the metal, (3) decreased in frequency with 
increasing rate of dissolution, and (4) unaffected by catalytic 
poisons. 

There are reasons for supposing, however, that the fundamental 
causes of these manifestations of periodicity are not essentially 
different. 

- Experimental. 

Apparatus .—The electrolysis was conducted in a wide-necked 
glass bottle of 200 c.c. capacity, the amount of solution used in 
each experiment being 100 c.c. The electrodes weip of pure electro- 
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lytic metal sheet, 4 cm. x 2 cm., and were supported by nickel 
rods, to which they were fastened by means of a nickel screw, a 
small hole being drilled near the end of each electrode. A length 
of only 3 cm. of electrode was immersed in order to keep the nickel 
well clear of the solution. The metals were approximately 0*5 mm. 
thick, and the effective area of each may therefore be taken as 
12 sq. cm. The distance between the electrodes was 2 cm. A 
rubber bung, closing the reaction vessel, served to carry the electrode 
supports and the glass tubes for stirring the solution. Except in 
experiments where it was undesirable, the solutions were vigorously 
stirred during electrolysis by a stream of air previously freed from 
carbon dioxide. The reaction vessel was immersed in a thermostat 
at 30°, except in those experiments where other temperatures are 
indicated. 

The source of current was a battery of twelve Edison storage 
cells of large capacity. The current passing through the circuit 
was read directly on an ammeter placed in series with the cell, and 
the P.D. between the electrodes was measured by a voltmeter of 
suitably high resistance placed across the electrode terminals. Both 
were quite dead-beat instruments. The course of the electrolysis 
was followed by taking readings of the voltmeter every 15 seconds, 
or, if necessary, every 5 seconds. 

(1) Copper Anode. 

Electrolysis of some Chloride Solutions .—When fairly strong solu¬ 
tions of hydrochloric acid are electrolysed between copper electrodes 
at low current densities, copper passes into solution at the anode 
as cuprous chloride. As a rule, this may be seen on the metal as 
a white coating which, however, does not appreciably impede the 
electrolysis. In the absence of atmospheric oxygen, no cupric salt 
is formed. At high current densities, a film which appears to be 
cuprous oxide forms over the metal; this fil m is highly resistant 
and the current passing falls to a low value; the electrode still 
dissolves, but a small portion of the current is employed in the 
liberation of oxygen, a few bubbles of which rise from the anode. 
At intermediate current densities the two effects alternate. The 
seat of this phenomenon is the anode, for the effect continues if 
platinum be substituted for the cathode, but not if the anode be 
changed for another metal. Further, the anode undergoes a visible 
periodic change. 

The Current Density-Potential Curve. —Graph 58 (Fig. 1) shows 
the effect of gradual increase in current density in the electrolysis 
cf hydrochlacid, containing 25 c.e. of acid (d 1-16) in 100 e,c;» 
:;$$$£■ A capper anode and a platinum cathode at 20°. For values 
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below 60 milliamp. per sq. cm. the potential rises slowly along the 
line AB : cuprous chloride is formed at the anode and dissolves 
in the hydrochloric acid, and at the cathode copper is deposited 
and hydrogen evolved. At the value corresponding to B the 
potential oscillates in regular periods between 0*55 and 10-6 volts, 
and simultaneously the current fluctuates between 60 and 20 


Fig. l. 



milliamp. per sq. cm. The region of regular oscillations continues 
as the current density is increased along BD to the value 145 
milliamp, per sq. cm., the amplitude here being from 1*0 to 12*7 
volts. At an intermediate point C, the values of current density 
and potential oscillate between points C and G. At current densities 
greater than 145 milliamp. per sq. cm., the potential immediately 
rises (the current falling) to a voltage corresponding to H, at which 
it remains constant. Further attempts to increase the current are 
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unsuccessful, for the film over the anode becomes more and more 
resistant and the effect is actually to decrease the current still 
further, along the line HI. The electrode, therefore, exists in one 
state along AB, in another state at H, and the area BFHD marks 
a region of instability where the electrode oscillates regularly 
between the two states. 

The point B represents the critical current density required to 
produce periods. The value of this increases with the concen¬ 
tration of the hydrochloric acid and with rising temperature. The 



The amplitude in Graphs 37—41 is about half of that indicated in Graph 58. 
This is because half the number of cells was used in these experiments. When 
the highly resistant film forms, the voltmeter records almost the total EM.!?, of 
the battery, the resistance of the rest of the circuit being relatively small. 

critical current densities for a series of solutions containing from 
5 to 30 e.c. of hydrochloric acid per 100 c.c. of solution electrolysed 
between two copper electrodes have been determined, and Graph 59 
indicates a direct proportionality between critical current density 
and concentration. 

The Nature of the Phenomenon . 

The periodic changes in current and potential are accompanied 
by visible periodic changes at the anode. This is best described 
by reference to one of the waves on Graph 37 {Fig. 2), Simul- 
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taneousiy with the sudden rise in the potential (AB), there sweeps 
up the metal a very thin, dark grey film. The current slowly 
increases until the point C is reached. Then the potential rapidly 
resumes its initial low value and a white film sweeps down the 
metal. There is an interval of a fraction of a second between the 
drop in potential and the appearance of the white film. Careful 
observation shows that simultaneously with the drop in potential 
the smooth dark grey film breaks up into a rough red-brown film 
having the appearance of cuprous oxide. The transformation to 
the white film is almost immediate. The series of changes is 
repeated in each successive wave. The first film has the appearance 
of cupric oxide rather than cuprous, but there is doubt in assigning 
a composition to so thin a film. It is believed to be a form of 
cuprous oxide, for it changes directly into ordinary cuprous oxide 
and gives cuprous chloride by reaction with hydrochloric acid : 
further, no cupric salt is produced in the reaction. The white 
film is undoubtedly cuprous chloride. 

It has been observed that wherever deposition of a film occurs 
in electrolysis, this starts at the sides and lower part of the electrode 
and travels up the electrode in the form of a U of diminishing 
concavity. This seems to be due to the concentration of current 
density at the comers and edges of the electrode and accounts for 
the manner in which the dark oxidic film travels up the anode. 
The downward sweep of the cuprous chloride film has been traced 
to the flow of hydrochloric acid down the electrode due to the 
downward fall of the reaction products, which is observed even 
when the solution is stirred. By allowing a stream of air bubbles 
to impinge on a point near the bottom of the anode, the reaction 
products can be washed upwards, and under these conditions the 
cuprous chloride film travels upwards also; but the oxide film 
could not be made to travel downwards. 

The phenomenon is not affected by moderate rates of ^stirring, 
but when the solution in the vicinity of the anode is stirred very 
vigorously the frequency of the periods is increased or the potential 
may even remain constant at the low value. In the latter case, 
periodicity recurs on increasing the current density. Thus the 
phenomenon may be localised by directing a stream of air bubbles 
on a point about half-way up the electrode. In this case, the 
small area of metal affected by the rapid stirring exhibits rapid 
black and white flashes, while the main part of the electrode per¬ 
forms its slow periods unhindered. The voltmeter records curves 
showing short waves superimposed on the long waves. 

These effects, which could be controlled by the air used for 
stirring, suggested that the phenomenon was due to oxidation and 
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probably to an oscillation of the reaction product between the 
cuprous and cupric states. Experiments were therefore performed 
in which the solutions were stirred by a stream of hydrogen bubbles. 
The effects of localised stirring were the same as with air and in 
this case no cupric salt was formed. Further, the periods were 
produced when the hydrochloric acid contained 1% of sulphurous 
acid. Separate experiments showed that a copper anode did not 
give periods in 1% or 5% sodium hydrogen sulphite solution alone. 
It may be noted that in the presence of sulphurous acid a somewhat 
higher critical current density was required. 

Observations taken on interrupting the periods have given a clue 
their nature. If the circuit be broken or the electrodes be 
short-circuited while the high P.D. exists, the cuprous chloride 
film immediately forms over the anode. In this case, it does not 
travel down the metal, but appears simultaneously over the whole 
area. If the circuit be completed again directly, the oxide film is 
reinstated immediately and the P.D. again rises. When an interval 
of 1 or 2 seconds elapses before the circuit is remade, the film does 
not form again for a few seconds. By breaking and making the 
circuit several times in succession, preferably in an unstirred solution, 
the cuprous chloride film does not form when the P.D. drops, but, 
instead, the oxide film turns to the red colour and the white film 
appears when the circuit is again made; it is quickly followed by 
the oxide film., the P.D. rising once more. 

These facts suggest the following interpretation. The critical 
current density is such that chlorine ions are discharged more 
rapidly than they can be replaced by diffusion; at a certain 
moment, therefore, hydroxyl ions are discharged and a highly 
resistant oxide film forms over the metal, causing the P.D. to rise 
to a high value. This film is unstable (as will be shown independ¬ 
ently later) and changes to a stable state of relatively low resistance, 
the change being indicated by the change in colour and surface of 
the film. This is immediately followed by reaction with the chlorine 
ions, which have been accumulating through diffusi on, to form 
cuprous chloride. When the current is broken for a fraction of a 
second, the oxide film (which is only stable at the high potential) 
imm ediately reacts with the available chlorine ions and then rapidly 
forms again as these become scarce. When, however, the circuit 
remains open for a few seconds, the chlorine ions have time to 
diffuse towards the anode and, on making the circuit once more, a 
few seconds elapse before the oxide film forms. By repeating this 
process several times in rapid succession, the solution in the imme¬ 
diate vicinity of the anode can be so deprived of chlorine that 
breaking the circuit causes the highly resistant film to change to 
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the red stable state, in which form it persists for some little time; 
but closing the circuit causes it to react to form cuprous chloride. 

Direct evidence of the instability of the highly resistant oxide 
film is gained by observing the effect of partially lifting the anode 
out of the solution when in the state represented by Kin. Graph 58. 
When this is raised 1cm., the change to the stable state is observed 
to take place in the upper part of the electrode and a well-defined 
ridge forms about 0-5 cm. above the surface of the solution, marking 
the boundary between the stable and unstable forms. Each time 
the electrode is progressively raised, a further area remote from the 
solution undergoes the change and a new boundary forms, below 
which the grey film persists. This boundary marks the extent of 
the electrode which is under the influence of the high current 
density. The highly resistant film is stable, then, above a current 
density of 145 milliamp. per sq. cm., and its metastability between 
the values 60 and 145 milliamp. per sq. cm. is the cause of the 
periodicity. 

Having deduced the mechanism of the process from direct- experi¬ 
mental observation, it is necessary to show how this is supported 
by a study of the effect of varying the conditions of reaction. 

Effect of Conditions. 

(a) Current Density .—For any given concentration, the frequency 
of the periods decreases greatly with increasing current density. 
This is illustrated by the following values in a solution containing 
25 c.c. of hydrochloric acid per 100 c.c. 


Milliamp. .. 58 72 86 117 

Min. .. 1*25 2-0 4-25 9 


Such a result is to be expected, for the high current density (1) more 
rapidly e xha usts the anolyte of chlorine ions, and (2) stabilises the 
resistant film. 

(b) Temperature— At a given current density, the frequency of 
the periods increases with rising temperature. This effect takes 
place in a particular way, however. The lower part of the curve 
(Graph 37} is unaffected and only the portion BC is shortened. 
On raising the temperature still higher, the amplitude AB is gradually 
reduced until finally the effect dies out and the potential remains 
constant at the low value. Periodicity can then be recovered by 
increasing the current density. Thus, a system at 20° under a 
current density of 80 milliamp. per sq. cm. gave an amplitude of 
5-7 volts, the high P.D . lasting for 120 seconds; at 35°, the ampli¬ 
tude was 4-8 volts, lasting for 30 seconds; at 45°, 2*8 volts for 10 
seconds; at 55°, 0-3 volt for 5 seconds. In each case, the low 
P.D. had a duration of 30 seconds. 
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Above 60°, no oscillation was perceptible, but by increasing the 
current density to 108 milliarup. per sq. cm. variations between 
0*4 and 0*8 volt were recorded; at 126 milliamp. per sq. cm. the 
PD. oscillated between 0-5 and 4*1 volts. 

Thus, the effect of raising the temperature is to decrease the 
stability of the resistant film, and in every way it acts in an opposite 
sense to increasing current density : the two are mutually antago¬ 
nistic. 

(c) Concentration .—Graphs 37, 38, and 39 (Fig. 2) show that for 
a fixed temperature and current density (in this case 30° and 71 
milliamp. per sq. cm.) the frequency of the periods increases with 
increasing concentration of hydrochloric acid. The rate of dissolu¬ 
tion of the metal remains the same in the three cases. This result 
would be anticipated from the explanation advanced, for the anolyte 
is with greater difficulty depleted of its store of chlorine ions. 
The linear relation between the critical current density and the 
concentration of solution is likewise compatible. The wave-length 
gradually increases during the course of the electrolysis. This is 
due partly to decrease in concentration of the chlorine ions and 
partly to formation of cupric chloride through oxidation by the 
air-stream. Direct addition of 1% of cupric chloride was found 
to double the length of the waves. 

(d) Rate of Stirring .—This factor is inconsiderable when the 
solution is kept in circulation without violently disturbing the 
solution at the anode. When the stream of bubbles is allowed to 
travel up the anode the frequency of the periods is increased and 
the critical current density raised. This is due to the rapid re¬ 
plenishing of the depleted chlorine ions, causing the effective con¬ 
centration to be higher. 

(e) Addition of Agents .—Addition of a reducing agent, such as 
sulphurous acid, served to shorten the periods and to raise the 
critical current density. On the other hand, oxidising agents such 
as hydrogen peroxide lengthened the periods. A system with a 
normal period of 4*25 mins, produced periods of 4-5 mins, after 
addition of 1 c.c. of 20-volume hydrogen peroxide, 6*5 mins, in the 
presence of 2 c.c. of hydrogen peroxide, and 10*5 mins, with 4 c.c. 
Addition of 0*5% of potassium cyanide or 0*5% of formaldehyde 
failed to “ poison 55 the oscillations. The presence of 0*02% of 
gelatin did not affect the phenomenon. No difference could be 
observed between the behaviours of cold-rolled and well-annealed 
copper. 

The periodic phenomenon takes place in solutions of other 
chlorides in similar circumstances and the same general effects are 
observed. Thus, equally well-marked periods are produced when 
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10% or 5% ammonium chloride is used for the solution to be 
electrolysed. Graph 40 (Fig. 2) illustrates the periodic dissolution 
of a copper anode in 5% ammonium chloride solution. Graph 41 
records a similar experiment using 5% sodium chloride solution. 
In the latter case, the reaction product is mainly cuprous oxide, 
which is insoluble but does not adhere to the electrode; it soon 
causes the solution to become opaque, thus preventing observation. 
Long periods are obtained when 5% cupric chloride solution is 
used as the electrolyte. 

Electrolysis of Potassium Cyanide Solutions. 

Anodes of copper in 2*5% and 5% solutions of potassium cyanide 
rapidly become enveloped by a golden-green film which readily 
dissolves in the electrolyte on breaking the circuit. This is generally 
described as a basic cyanide. At certain current densities, the 
voltmeter needle trembles violently and occasionally executes rapid 
fluctuations of about 1 volt. The phenomena are much more 
definite in a 10% solution. At low current densities, no film 
forms over the anode and the copper dissolves as potassium cupro- 
cyanide. When the current density is raised to 59 milliamp. per 
sq. cm. a dark grey oxide film sweeps up the metal and the P.D. 
between the electrodes rises from 1*6 to 2*7 volts. After a few 
seconds, the dark film gives place to a white film, presumably of 
cuprous cyanide, which travels down the metal, and the P.D. 
resumes its former value. The two states oscillate thereafter in 
regular periods. 

In every respect this phenomenon is similar to the periodic 
electrolysis of chloride solutions, and the oxide film reacts towards 
interruption of the current just as in the former cases. It is there¬ 
fore a logical deduction that the mechanism is precisely similar. 
The limits of the conditions favouring periodicity in the cyanide 
solutions are, however, very much narrower than in the chloride 
solutions. If a current density-potential curve sim il ar to Graph 58 
be constructed for a cyanide solution, the region of instability 
BFHD is very short and is indeed easily overshot, the electrode 
often going straight from the state represented by B to that repre¬ 
sented by H. It is only by increasing the current density cautiously 
that the intermediate oscillating condition can be realised in this 
system. 

Another point differentiates the systems. On further increasing 
the current density to 86 milliamp. per sq. cm., a pale green film 
permanently covers the anode. At this stage, cuprous cyanide is 
being formed more quickly than it can dissolve in the potassium 
cyanide solution. The onset of this film is marked by a rise in 
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potential from 3*6 to 6*2 volts, after which a second series of 
oscillations ensues. These are most diverse in character, varying 
in amplitude from 0*1 to 6*0 volts and in wave-length from 0*1 to 
5-0 seconds. Occasionally they become regular for some few 
minutes, after which the voltmeter needle behaves in an erratic 
manner, violent trembling being interspersed with sudden moment¬ 
ary darts up to a high value. Current densities exceeding 140 
milliamp. per sq. cm. are beyond the region of periodicity in the 
cyanide film, but the erratic behaviour may be repeated by again 
lowering the current density. Since no change can be observed in 
the film in this second series of oscillations, there are as yet no 
data to afford an explanation. Analogy would suggest that the 
cyanide is first deposited in an unstable form at the high current 
density employed. 

The phenomena are even better marked in 20% potassium cyanide 
solution. Illustrations of periodicity in the oxide film and of regular 
periods in the cyanide film are shown in Graphs 54 and 53 (Fig. 2), 
respectively. All these experiments on cyanide solutions were con¬ 
ducted at 20° because of the high frequency, and the solutions as 
a rule were not stirred in order to avoid loss of hydrogen cyanide. 
Control experiments in stirred solutions gave similar results, except 
that somewhat higher current densities were required in every 
case. 

Electrolysis of Other Solutions. 

Sulphuric Acid.—Investigations were carried out at intervals of 
10% over the concentration range 100—10%, and also at 5, 2, and 
0*5% (expressed as % by volume of acid, d 1*84). With concen¬ 
trations above 50%, very little current would pass, the P.D. rapidly 
rising to a high value. After a time, cupric sulphate could be seen 
as crystals on the anode. Electrolysis followed a normal course 
below 10%, and at intermediate concentrations the potential rose 
to a high value at a certain critical current density. This was 
followed by a partial fall in the 40, 30, and 20% systems, but in no 
case was a periodic effect produced. It is probable that the highly 
resistant film was in this case copper sulphate. In the more dilute 
solutions (below 10%), some loosely adherent cupric oxide was 
always formed at high current densities. The 40% system was 
examined over a temperature range of 20° to 75°. Between these 
limits the critical current density increased from 58 to 138 milliamp. 
per sq. cm., but periodic effects were not produced. 

Nitric Acid. —The concentrations examined were 10, 5, 2, and 


0*5% (by volume of acid of d 1-42}. In all these cases, the electro¬ 
lysis pursued a steady course dyer the whole range of current 
At the end of each experiment, the anode was covered 
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with a slimy, black deposit, probably of cupric oxide, which did not 
increase the resistance of the system. In one experiment with 5% 
nitric acid, continuous oscillations with a 30-second period between 
0*8 and 1*0 volt were observed, using a current density of 36 
milliamp. per sq. cm. Subsequent attempts to repeat this have 
failed. It is possible that the periods were due to some accidental 
circumstance, or that their range of existence was very narrow. 

Sodium Hydroxide .—Solutions of concentrations graded from 8% 
to 0*4% were used. With the 8% solution at current densities 
below 5 milliamp. per sq. cm. a resistant film of cupric oxide slowly 
formed on the anode, the P.D. rising from 1*2 to 2*3 volts, at 
which oxygen was evolved. The film disappeared on increasing 
the current further and a greenish-yellow substance could be 
observed going into solution. Periods were not observed in any of 
these systems or in concentrated solutions of ammonia. A large 
number of mixtures of solutions of caustic soda and ammonia were 
also tried without success. 

Miscellaneous .—Solutions of the following compositions were 
electrolysed with a copper anode over the range of current densities 
possible with the apparatus described and no trace of periodicity 
was observed. Ammonium acetate, 5 and 2*5%; sodium acetate, 
8*4%; acetic acid, 12*4% \ ammonium sulphate, 5, 2*5, and 1-25% ; 
sodium nitrate, 5% ; sodium hydrogen sulphite, 5 and 1% ; potass¬ 
ium iodide, 5 and 1%; potassium chromate, 5 and 1%. With the 
last two substances, insoluble films immediately formed over the 
anode. 

(2) Silver Anode* 

Although general considerations would lead one to anticipate 
that periodic phenomena might be observed at a silver anode in 
similar circumstances, the practical application is beset with diffi¬ 
culty in consequence of the insolubility of so many silver salts. 
Only the cyanide experiments can be repeated under precisely 
analogous conditions, but the insolubility of silver chloride has 
been overcome by the employment of ammomacal solutions of 
chlorides. With these modifications, the phenomena observed are 
similar to the experiments with a copper anode, but, in general, 
the effects are much less striking ; the amplitude of the oscillations 
is relatively small and the frequency is in all cases very high. The 
latter fact precludes direct experiment on the properties of the 
films, and it is therefore necessary at present to rely on the analogy 
with copper for an explanation of the phenomena. This seems a 
safe course in view of the similarity in every respect between the 
two cases. 

Electrolysis of Potassium Cyanide .—Since, except in the strongest 
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solutions employed, the highest amount of current passing is small, 
the limits will be defined by the P.2), between the electrodes. 
With a 5°o solution, the anode dissolves normally as potassium 
argentoeyanide when the P.D. is less than 2*3 volts; at this value, 
a brownish-black film of silver oxide sweeps up the metal and the 
potential rises to 3*2 volts and then oscillates rapidly (about twice 
per second) between 3*2 and 3*0. Simultaneously, the upper part 
of the anode displays alternate black and white flashes—a rapid 
periodic dissolution of the silver oxide film by the potassium cyanide. 
The phenomenon is precisely similar to the case of copper, the 
black oxide film sweeping up and the white cyanide film rolling 
down, the frequency increasing with current density, concentration, 
and temperature. On slightly increasing the current, the alternation 
is so quick as to resemble a twinkling. 

Similar effects were observed in solutions of concentrations 2*5, 

1, 0*5, and 0*25%. The 2*5% solution gave an amplitude of 0*4 x 
volt between the critical limits 1*7 and 2*9 volts. Below the value 
1*7, no oxide film appeared and above 2*9 it existed permanently. 
The 1% solution gave an amplitude of 0*4 volt between the limits 
1*8 and 2*7 volts. The limiting voltages for the 0*5% solution 
were 1*8 and 2*4, and in the case of the 0*25% solution they were 
1*6 and 1*7. In the last case, the periods were as long as 30 seconds. 
It is seen from these figures that the extent of the unstable region 
decreases with progressive dilution. 

These results -were for unstirred solutions at 20°. In stirred 
solutions, the frequency was even higher. Since the low amplitude 
and high frequency of these periods were reminiscent of the anodic 
dissolution of copper in hydrochloric acid at higher temperatures, 
some experiments were conducted on silver in potassium cyanide 
solutions at 0°, and a maximum amplitude of 2*1 volts was then 
obtained with a 10% solution of potassium cyanide. 

Experiments were also conducted in 10 and 5% ammonium 
thiocyanate solutions. Although above a certain current density 
the oxide film formed slowly, it seemed to be permanent. The 
10% solution was investigated over the temperature range 20—80° 
in an attempt to quicken the dissolution of the film, but the 
experiments were not successful in producing periods. 

Electrolysis of Amnioniacal Solutions .—When solutions of ammon¬ 
ium chloride were electrolysed with a silver anode, a highly resistant 
chloride film immediately formed. Attempts were therefore made 
to add just sufficient ammonia to dissolve the film as fast as it 
formed. Periodic effects were observed in these experiments, the 
anode becoming intermittently coated by a dark brown oxide film. 
The best result was with a solution of 50 e.e. of 10% ammonium 
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chloride and 50 c.c. of ammonia solution {d 0*880). With a current 
density of 44 milliamp. per sq. cm., the P.D. oscillated between 
3*0 and 4*1 in periods of 20 seconds. Rapid oscillations were also 
observed with a silver anode dissolving in a mixture of 50 c.c. of 
10% ammonium sulphate solution and 50 c.c. of ammonia (d 0*880). 

Electrolysis of strong ammonia solutions alone might be antici¬ 
pated to yield periodic phenomena on the basis of the explanation 
advanced here. Such solutions were tried without success, but the 
failure is most likely due to the fact that very little current can be 
made to pass. Endeavours to obviate this difficulty by adding 
progressively increasing amounts of caustic soda to the solution 
met with no success. 

Electrolysis of Sulphuric Acid. —Solutions varying in composition 
from 100 to 2% were electrolysed. The anode dissolved continu¬ 
ously only in the most concentrated solutions, a sulphate film 
forming above a certain critical current density and the potential 
rising very sluggishly. Periods were obtained in these systems at 
higher temperatures. With 90% sulphuric acid at 50°, the waves 
shown in Graph 55 (Fig. 2) were obtained at a current density of 
36 milliamp. per sq. cm., whilst Graph 56 represents 50% sulphuric 
acid at 75° under a current density of 17 milliamp. per sq. cm. 
The solutions alw r ays became cloudy, preventing observation of the 
state of the anode. 

Electrolysis of Other Solutions. —In addition to those mentioned 
above, the following solutions gave no periodic effects : caustic 
soda, 8, 4, and 0*4%; nitric acid, 2, 1, and 0*5%; silver nitrate, 
1*7%; acetic acid, 12*4%; potassium chromate, 9*7, 4*8, 2*4, and 
0*6%; sodium thiosulphate, 3*4%; sodium hydrogen sulphite, 5%. 
In the last two cases, where periodicity might have been expected, 
the reaction followed a complex course, the main product being 
silver sulphide, whilst the solution developed the smell of hydrogen 
sulphide. 

The investigation is being extended to anodes of other metals 
and will include the cathodic deposition of metals. 

Summary. 

Periodic changes in current strength and in the P.D. between 
the electrodes were observed in the anodic dissolution of copper in 
solutions of hydrochloric acid, ammonium chloride, sodium chloride, 
cupric chloride, and potassium cyanide, and of silver in solutions 
of potassium cyanide, sulphuric acid, and ammoniacal ammonium 
sulphate and ammonium chloride. In every case, periodic film 
formation over the anode occurred. The case of copper in hydro¬ 
chloric acid was the subject of a detailed examination. The pheno- 
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menon took place between certain limiting values of current density 
and the critical current density required to produce the periods 
was a linear function of the concentration of the electrolyte. The 
frequency of the periods increased with rising temperature and 
concentration, and decreased with rising current density. The 
periods were not affected by catalytic poisons. At the critical 
current density, an oxidie film formed over the metal and it was 
shown that this film was stable above a certain value of the current 
density; its metastability between this value and the critical current 
density is believed to be the cause of the phenomenon. This case 
appears to be typical of all the others investigated. 

The author is much indebted to Dr. J. F. Spencer for his interest 
in these experiments and to the Chemical Society for a grant in 
aid of the research. 

Bedford College (University of London), 

Regent’s Park, N.W. 1. [Received, April 13 th, 1926.] 


CXCIX .—The Existence of the Suboxides of Lead and 

Thallium. 

By Frederick Aufenast and Henry Terrey, 

The black substance obtained by heating lead oxalate has been 
interpreted as (1) a mixture of litharge and lead, or (2) lead 
suboxide. The work of Tanatar (Z. anorg. CJiem 1901, 27, 304) 
on its heat of reaction with acetic acid pointed to a chemical entity, 
since he obtained results which indicated a heat of decomposition 
of lead suboxide into lead and litharge, Pb 2 0 Pb + PbO — 
5,450 cals. This view is supported by the work of Brislee (J., 
1908, 93, 154) and of Denham (J., 1917, 111, 29; 1918, 113, 249; 
1919, 115, 109). Evidence has also been given for the existence 
of subvalent lead ions by Denham (J., 1908, 93, 41), Denham and 
Allmand (ibid,, p. 833), and Bell (Trans, Faraday Soc., 1915,11,74). 

The similarity of thallium and lead and of many of their salts 
suggests the possible existence of a thallium suboxide (compare 
Crookes, Proc, Roy. Soc., 1862, 12, 150; Lorenz, Z. anorg. Chem 
1896, 12, 439). 

Investigations were first carried out to determine whether breaks 
could be obtained in the reduction-velocity curves such as were 
found by Brislee (he. cit.). Thailous oxide was reduced in a stream 
of hydrogen and the amount of reduction was measured at regular 
intervals. The results showed in some cases a slight break in the 
corresponding to a compound T1 4 0, but these breaks were 
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not definite enough to be regarded as satisfactory evidence. Experi¬ 
ments were then made on the heat of solution of the products of 
varying composition obtained by reduction of thallous oxide, and 
the results are shown in Fig. 1, in which heats of solution per g. 
of thallium are plotted as ordinates and the extent to which the 
thallic oxide had lost weight on reduction as abscissae. If a suboxide 
had been present, the heat of solution in 3A r -sulphuric acid would 
have included a heat of decomposition of the suboxide and the 
graph would not have been a straight line. Within the limits of 
experimental error, no evidence was thus obtained for the existence 


Fig. 1. 



Loss in iveight %. 

O = Thomsen’8 value for TI*0. 


of thallium suboxide. Attempts were also made to measure the 
oxidation velocity of metallic thallium, but they were abandoned 
when it was found that the finely-divided metal was never oxidised 
completely although the initial velocity was very great. 

Similar calorimetric experiments, in which the products of 
decomposition of lead oxalate were dissolved in acetic acid, gave 
results indicating that this supposed suboxide was a mixture of 
litharge and lead. 

Experimental. 

For the reduction velocity experiments, thallic oxide was pre¬ 
cipitated from a thallic chloride solution by ammonia, washed, 
and heated to 200° in a current of oxygen to remove the last traces 
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of water. As thallous oxide is very deliquescent, it was decided 
to measure the reduction by collecting the water evolved rather 
than by removing the substance and determining the loss in weight. 
A weighed amount of thallic oxide, spread in a thin layer in a 
porcelain boat, was gradually heated electrically to 150° in a 
stream of hydrogen. After a few hours, when scarcely any more 
water was given off, the temperature was raised to 185° ± 1° and 
the water produced was collected in calcium chloride tubes which 
were weighed hourly. The complete reduction to thallous oxide, 
which took about 30—40 hours, was thus spread over a few days. 
The product was at first black, changing to a metallic grey 
colour. 

For the heat of solution experiments a known weight of thallic 
oxide was reduced in a stream of hydrogen to a known composition, 
and the product was transferred as quickly as possible to the 
calorimeter, which consisted of a 100 c.c. Dewar vessel fitted with 
a Beckmann thermometer and a small glass stirrer and containing 
25 c.e. of 3A T -sulphuric acid. The results of these experiments are 
as follows : 



Wt. Tl a 0 3 


Wt. used for 

Rise in 

Cals. 

Cals, pex* 

Expt. 

used. 

Loss %. 

solution. 

temp. 

evolved. 

g.Tl. 

1 

0*3926 

6*78 

0*3657 

0*780° 

26*86 

77*29 

2 

0*4081 

6*96 

0*3797 

0*809 

27-86 

77*21 

3 

0*3669 

8*75 

0*3242 

0*404 

13*91 

47-36 

4 

0*4781 

8*39 

0*4257 

0*693 

21*44 

53-30 

5 

0*4115 

9*14 

0*3655 

0*400 

12*38 

34*73 

6 

0*3494 

10*96 

0*3029 

0*067 

2*07 

6*81 

7 

0*3953 

11*15 

0*3394 

0*025 

0*77 

2*28 

8 

0*3836 

9*33 

0*3151 

0*325 

10*06 

32*66 

9 

0*3693 

9-80 

0*2848 

0*266 

8*20 

29*51 


For Expts. I—3 and 4—9, the water-equivalent of the calorimeter and its 
contents was 34*43 g. and 30*94 g. respectively. 


These results are shown graphically in Fig. 1, where the figures 
of column 3 are the abscissae and those of column 7 the ordinates. 

For the preparation of lead suboxide, about 1*5 g. of lead oxalate 
were heated in a porcelain boat in a vacuum at about 275°; the 
gas evolved was pumped off periodically, the pressure never being 
allowed to exceed 1 cm. Evolution of gas ceased after about 
24 hours, and the black residue gave off no carbon dioxide when 
treated with acids. The heat of solution in X -acetic acid was deter¬ 
mined as with thallium, and after completion of the determination 
the liquid was filtered from undissolved lead, and the lead in the 
filtrate and the insoluble lead were determined by conversion into 
sulphate. 

The results of two such experiments are given : 
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No. 1. No. 2. 

Weight of suboxide used (g.) ... 1-332 1*162 

Amount of PbO dissolved from suboxide (%) ... 71-3 68*6 

Rise in temperature. 1*165° 0-963° 

Heat of solution per g.-mol. of PbO (cals.) . 15,370 15,140 


The mean of these two experiments, viz., 15,250 cals., differs only 
by about 350 cals, from that obtained with pure litharge, viz., 
15,600 cals. 

These values are in agreement with those obtained by Sveda 
(Chem. Listy , 1923,17, 47, 81, 112), but differ from those of Hersch- 
kowitsch (Z. anorg. Chem 1921, 115, 159) and Tanatar (loc. cit .). 

University College, London. [Received, March 18th, 1926.] 


CC .—The Precipitation of Cadmium Sulphide from 
Aqueous Solutions of Cadmium Chloride in the 
Presence of Hydrochloric Acid and Other Chlorides . 

By Subramonia Krishnamurti. 

The object of this investigation was to determine the relation 
between the concentration of cadmium chloride and the minimum 
concentration of hydrochloric acid required to prevent the precipita¬ 
tion of cadmium sulphide by hydrogen sulphide at constant tem¬ 
perature and pressure, and to ascertain the effect of various chlorides 
on this relation. It will be seen that the introduction of the 
activity concept renders this familiar problem of analytical practice 
capable of much more exact theoretical treatment. The present 
paper forms an introduction to the study of this and allied reactions 
from this point of view. Amongst previous workers on the pre¬ 
cipitation of sulphides, mention may be made of Bruner and 
Zawadski (Bull. Acad . Sci. Cracow , 1909, 267; Z. anorg. Chem., 
1910, 67, 454), who studied more especially the precipitation of 
thallous sulphide, and of Baubigny ( Compt. rend., 1888,107, 1148), 
who investigated the concentration of free acid required to prevent 
the precipitation of zinc sulphide from solutions of zinc sulphate. 
Reference may also be made to the work of Brum and Padoa (Atti 
B. Accad . Lincei , 1905, 14, ii, 525) and of Glixelli (Z. anorg . Chzm., 
1907,55,297). 

Experimental. 

The apparatus used was very simple. A stream of washed and 
pre-heated hydrogen sulphide was bubbled through the solution 
contained in a suitable vessel, placed in a thermostat at 25°. The 
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gas escaped through an oil-trap. In order to prevent the oxidation 
of hydrogen sulphide, air-free water was used in making up all 
solutions, whilst a stream of carbon dioxide was passed through the 
apparatus and solution for a considerable time before the hydrogen 
sulphide was admitted. A pre-saturator (also in the thermostat) 
contained hydrochloric acid of the same concentration as that 
contained in the precipitation vessel. In order to obtain repro¬ 
ducible results, in addition to the above precautions the precipitation 
vessel must be cleaned very thoroughly before use. The experi¬ 
ments were carried out by making up a series of solutions having the 
same concentration of cadmium chloride and gradually increasing 
concentrations of hydrochloric acid. In this way, two neighbouring 
solutions were obtained, in one of which a precipitate just appeared 
whilst in the other it did not. These two solutions were then made 
the limiting members of a new series in which the acid concentrations 
were graded more closely than before, and the interval between 
precipitation and non-precipitation was thus more accurately 
determined. Proceeding in this way, it was found possible to 
distinguish between two solutions differing by not more than 
0*1 A 7 . The mean of these two hydrochloric acid concentrations 
was taken as giving the £e critical ” concentration for the given 
solution of cadmium chloride (expressed as mols. per litre), and the 
results are in the first two columns of Table I. 

A second series of experiments was made with solutions in which 
the chloride of potassium, sodium, lithium, barium, or calcium was 
added so as to be present in A-concentration. The results are in the 
last five columns of Table I, which show in each case the critical 
concentrations of hydrochloric acid corresponding to each concen¬ 
tration of cadmium chloride. 


Table I. 


Limiting concentrations of HC1 in the presence of 


CdCl*. 

— 

A-KCl. 

A-NaCl. 

A-LiCi. 

A-BaCl*. 

A-CaCi* 

04)05 

1*50 

1*20 

1*30 

1*35 

1*40 

1*40 

001 

2*05 

1*50 

1*60 

1*65 

1*75 

1*80 

0-03 

3*20 

2*40 

2*50 

2*55 

2-80 

2*65 

0-05 

3*80 

3*00 

3*15 

3*25 

3-35 

3*50 

0*08 

— . 

3*50 

3*60 

3*75 

4*10 

4*15 

0*10 

4*50 

3*00 

4*00 

4*20 

4*30 

4*40 

0*20 

5*20 

4*50 

4*80 

4*70 

4*90 

5*00 

0*30 

5*40 

4*80 

4*85 

4*95 

5*10 

5*20 

0*40 

5*45 

4*75 

4*95 

5*05 

5*20 

5-30 

0*50 

5*55 

4*80 

5*00 

5*15 

5*25 

5*35 

0-60 

5*60 

4*85 

5*05 

5*20 

5*30 

5*40 

0*70 

5-65 

4*90 

5*10 

5*25 

5*35 

5*45 

0*80 

5*70 

4-95 

5*10 

5*25 

5*35 

5*50 

0*90 

'■'-5*70 , •, 

4*05 

5*15 

5*30 

5*40 

5*55 

*00 

MS 

5*00 

5*20 

5*30 

5-40 

8*80 
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The results contained in Table I are shown in Fig. 1. It will be 
seen that the critical concentration of hydrochloric acid increases 
very rapidly with increase of cadmium chloride concentration for 
the lower concentrations, whilst for the higher concentrations the 
variation of the hydrochloric acid concentration is comparatively 
small. It will also be seen that the effect of the neutral chlorides 
is to lower the critical concentration of hydrochloric acid corre¬ 
sponding to any given concentration of cadmium chloride, which 



means that in the presence of these chlorides a lower concentration 
of hydrochloric acid suffices to prevent precipitation of cadmium 
sulphide, thus pointing to an activation of the acid by the neutral 
chloride. 

The Time Factor .—A surprising feature of these results is the 
relatively high concentrations of hydrochloric acid required just to 
prevent precipitation. This critical concentration increases rapidly 
with time. Passing in hydrogen sulphide for 5 minutes and for 1 
hour, respectively, gave the results shown in the two lower curves 
of Fig. 2. On increasing the duration of passage of the gas, the 
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critical concentration of hydrochloric acid steadily rose, reaching a 
limit after about 6 hours (see highest curve), i.e., further passage 
of the gas produced no measurable variation in the required con¬ 
centration of acid. Glixelli (loc. cit.) noticed a similar <e period of 
induction 99 in his experiments on the precipitation of zinc sulphide. 
The experimental results given in Table I correspond in all cases to a 
duration of 6 hours for the passage of hydrogen sulphide. The 


Fig. 2. 



influence of this apparent supersaturation effect is shown in Table II, 
which gives, for a 0*1 M- -solution of cadmium chloride at 25°, the 
critical concentrations of hydrochloric acid corresponding to different 
lengths of time. 

Table n. 

Mols. HCl per litre .. 1*7 2*3 4*5 

Time (min.) ........ 5 60 300 

E.M.F. Measuremmts .—If we apply the simple laws of chemical 
equilibrium to the ionic reactions occurring in such a precipitation 
of sulphide, then, for the points on the “ precipitation curve ” 
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(i.e., the curve separating the region of precipitation from that of 
non-precipitation), we have the two equations 

[Cd"]. [S"] = const. 

[H-] 2 . [S"] = X[H 2 S]. 

The first equation involves, of course, the doubtful assumption that 
the points on the precipitation curve correspond to equilibrium with 
a definite crystalline cadmium sulphide present in not too fine a state 
of division. If we assume further that the solubility of the hydrogen 
sulphide and also its dissociation constant do not appreciably 
change with the total electrolyte content of the solution, then the 
right-hand member of the second equation remains constant, and 
division of the equations gives [Cd’*]/[H*] 2 = const., an equation which 
is often used in elementary treatises on the theory of inorganic 
analysis. For very dilute solutions, we may use the approximate 
form [CdCl 2 ]/[HCl] 2 = const. If we apply this equation to the 
results given in columns 1 and 2 of Table I for the dilute solutions 
of cadmium chloride (although the corresponding concentrations 
of hydrochloric acid are by no means dilute), we obtain the results 
shown in Table III: the quotient rises slowly. 

Table III. 

[CdCL] .. 0-005 0-01 0-02 0*03 0-05 0-10 

[HC1]“ . 1*50 2-05 2*75 3*20 3-80 4-50 

10 4 X [CdCl fl ]/[HCip ... 22 25 26 20 34 49 

Rewriting the former equations in terms of activities, we have 

fifed * % == I 
a H 2 . a a = 

where L is the activity of the solid sulphide and K x the “ thermo¬ 
dynamic ” dissociation constant of hydrogen sulphide. Since 
the temperature and the pressure of hydrogen sulphide in the gas 
phase are constant, uh,s is now strictly constant. We may also 
regard K 1 as a constant, hence for points on the precipitation curve 

<z H 2 /a cd = Kitts# IL = const .(1) 

This equation will be much more exact than the former one, 
although it still involves the assumption that we are dealing, along 
the precipitation curve, with a definite “ solid ” cadmium sulphide 
of not too small a grain size, or, at all events, of constant grain size 
in the different experiments. It is possible to test equation (1) by 
measuring the E.M.F. of cells of the type Cd amalgam j CdCl^+HCl } 
H 2 gas at constant pressure. A dilute cadmium amalgam of definite 
concentration is used instead of solid metallic cadmium, in order to 
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avoid irreversible evolution of hydrogen at the cadmium electrode. 
The E.M.F. of the cell is given by the equation 

E = E 0 + RTj2F.log (2) 

Hence, if we employ in the cell solutions corresponding in. com¬ 
position and concentration to points on the precipitation curve, E 
will be constant if equation (1) holds gooSL for such points, since we 
may neglect the effect of the dissolved hydrogen sulphide. Cells of 
this sort were set up, with hydrogen electrodes of the usual type, and 
yielded constant and reproducible results after an hour. The 
results are in Table IV (to the nearest millivolt). 

Table IV. 

CdCl 2 (mol./litre) 0*005 0*01 0*02 0*05 0*08 0*10 0*20 0*30 0*50 

HC1 (mols./litre) 1-50 2*05 2*75 3*80 4*20 4*50 5*20 5*40 5*55 

E.M.F. (millivolts) 481 481 481 481 482 481 482 482 480 

The constancy in the E.M.F . indicates that the points on the 
observed precipitation curve do correspond to definite equilibria, 
and supports the view that this curve is a true border curve separat¬ 
ing the region of precipitation from that of solution (non¬ 
precipitation). 

Neutral Salt Effect .—The curves numbered (2) to (6) in Fig. 1 
show the changes in the precipitation curve caused by the presence 
(in ^-concentration) of a series of neutral chlorides. The interpreta¬ 
tion of these neutral salt effects from the point of view of ionic 
activities can be seen from a consideration of the figure. At the 
point A on the precipitation curve of cadmium chloride (i.e., without 
addition of any neutral chloride) we have the relation 

Suppose now that the solution corresponding to point A is made 
N with respect to, e.g., potassium chloride, everything else remaining 
the same. Since A lies above C, it is clear that A now falls in the 
non-precipitation region, and hence Oca * < L. In the mixed 

solution corresponding to point A, therefore, a s 2 /^cd > fL. 

The effect of the addition of potassium chloride has thus been to 
increase the value of the quotient a^ja^ and this value can be brought 
back to the original value, K x a w #/L, only by reducing the concen¬ 
tration of hydrochloric acid to the value corresponding to point 0. 
Now it is well known that the addition of chlorides can increase the 
value of a® in a solution of hydrochloric acid (Poma, Z. physikal. 
Cbem.> 1914* 88, 671; Hamed, J. Amer . Chem. Soc*> 1915, 37,2460; 
Fales and Nelson, ibid., 1915, 37, 2769; Thomas and Baldwin* 
ilnd.y 1919, 41,1981). In the present case, this action will produce 
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a very marked result, owing to the occurrence of a E 2 in the numerator 
of the quotient. It is probable that owing to complex anion 
formation and other causes the addition of chlorine ions (from the 
neutral chlorides) will decrease the value of ctca occurring in the 
denominator. We have therefore good reasons for concluding that 
the addition of a neutral chloride will increase the value of &H 2 /&cd- 

If we ascribe the chief effect to the increase in the value of a R , we 
should expect from the results of the investigations previously 
quoted that the effect would decrease in the order Ii(l>Na01> 
KC1, whereas the results in Table I would appear to give the order 
ELC1 > NaCl > LiGl. 

Further discussion of this matter would not be profitable without 
more detailed and extensive data. 

Summary . 

1. The concentrations of hydrochloric acid which are just 
sufficient to prevent precipitation of solutions of cadmium chloride 
by hydrogen sulphide at 25° and atmospheric pressure have been 
determined. 

2. The effects produced on these critical concentrations of hydro¬ 
chloric acid by a number of neutral chlorides in ^-concentration 
have been determined. 

3. The cadmium chloride-hydrochloric acid “ precipitation ” 
curve has been considered from the point of view of ionic activity, 
and predictions based thereon have been confirmed by E.M.F. 
measurements. 

4. The effects produced by the addition of neutral chlorides have 
been considered in the light of previous work on the influence of such 
salts on the hydrogen-ion activity. 

5. The precipitation experiments reveal a “ supersaturation ” or 
c< induction ” delay in the appearance of the precipitate, an effect 
previously noted by Glixelli in the precipitation of zinc sulphide. 

It is intended to extend this investigation and to include allied 
cases. 

The work described was carried out at the suggestion and under 
the direction of Professor F. G. Dorman, to whom the author desires 
to express his thanks for advice and assistance. 

The William Ra m say Inorganic and Physical 
Chemistry Laboratories, 

University College, London. [ Received , April 1 5th, 1926.] 
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CCI .—The Interaction of Hydrogen and Nitrous Oxide 
on the Surface of Gold. 

By William Kenneth Hutchison and Cyril Norman 
Hinshelwood. 

In catalytic reactions at surfaces considerable variety is found in the 
relations which exist between the rate of reaction and the concen¬ 
trations of the several reacting substances. Examples of different 
kinds have been given in a number of previous papers. The most 
general relation, when there is one reacting substance only, is that 
the rate increases with concentration according to a curve of the 
same form as an adsorption isotherm. When there are two reacting 
substances, the rate may actually pass through a maximum and 
decrease again as the pressure of one gas increases, the decrease being 
due to the displacement of the other gas from the surface. But it 
may happen that the two reacting substances are independently 
adsorbed on different active parts of the surface. Saturation can 
then be reached with respect to each gas without displacement of 
the other. Examples of these two kinds of behaviour are given in 
J., 1925,127, 806,1546. Eor the sake of completeness in classifying 
the various types of heterogeneous reaction, further instances may 
be useful. 

We have now investigated the kinetics of the interaction of hydro¬ 
gen and nitrous oxide on the surface of a gold wire. The results can 
be interpreted by assuming that hydrogen and nitrous oxide are 
adsorbed on the surface independently of each other, and that 
interaction can take place between adjacent molecules. The reac¬ 
tion rate increases with increase in the pressure of nitrous oxide, 
and reaches a limiting value at approximately 300 mm., after which 
it remains constant up to the highest pressure used, viz., 500 mm. 
The absence of any fall in the rate at the higher pressures may be 
taken to show that, even after saturation is reached, there is no 
appreciable tendency for the nitrous oxide to displace the hydrogen 
from the surface. 

Increase of hydrogen pressure has a similar effect, except that the 
limiting value of the rate is not quite reached within die experi¬ 
mental limit of 500 mm. 

A second effect was traced to the hydrogen, namely a steady 
decrease in the activity of the wire, especially when it was heated 
in mixtures containing hydrogen in excess. On a wire, the activity 
of which had been reduced in this way to less than one-fifth of its 
initial value, it was found that the influence of the nitrous oxide on 
Ite rate was more nearly proportional to its pressure, and that the 
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limiting or saturation value could not be reached. It is suggested 
that hydrogen gradually dissolves in the body of the metal—this 
solution being distinct from its primary adsorption on the surface— 
and decreases the adsorptive power towards nitrous oxide. This 
would result, not only in a decrease in the rate of reaction due to the 
smaller number of nitrous oxide molecules present on the surface, 
but also in a change in the actual adsorption isotherm. 

The method of procedure was that already described (Zoc. cit), 
the change in pressure giving a measure of the reaction 

N 2 0 + H 2 = N 2 + H 2 0 (liquid). 

A correction was necessary for the vapour pressure of liquid water 
at 0° in those cases where no drying agent was present. The 
experimental work was complicated by the continually decreasing 
activity of the catalyst. Heating to dull redness in air caused a 
partial but only temporary recovery, for it rendered the wire very 
susceptible to the further action of hydrogen. The following method 
was therefore employed to correct for the variable activity, and to 
reduce the results to values which are comparable with one another. 
Initial rates of reaction only were observed, and in any series, the 
first, third, and odd-numbered experiments were performed under 
standard conditions of concentration of the reactants (for con¬ 
venience, 100 mm. of each), and in the even-numbered experiments 
the initial pressure of one or other reactant was varied. The ratio 
of the observed initial rate in an even-numbered experiment to the 
mean value of the rates observed in the reference experiments on 
either side of it gives a value which is strictly comparable with the 
others in a given series, even if the state of activity of the catalyst 
drifts to some extent. 

Owing to this gradual poisoning of the catalyst, and also on account 
of the complicated relation which would be required to express the 
velocity in terms of the concentration of both reactants, no attempt 
was made to evaluate velocity coefficients, nor to determine the 
heat of activation. The experiments were carried out in the usual 
manner at two temperatures with a number of different wires, and 
in the tables which follow it will be seen how the initial rate of 
reaction depends upon the initial pressure of nitrous oxide and of 
hydrogen. If, as seems probable, the rate is determined by the 
amount of adsorption or surface concentration, these figures repre¬ 
sent also the relative degrees of saturation of the active parts of the 
surface with the gas in question. 

Influence of Nitrous Oxide .—On a fresh active wire the initial rate 
reaches a limit at a pressure near 300 mm. and remains constant up 
to a pressure of at least 500 mm. 


3g2 
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Table I. 

Pressure of hydrogen = 100 mm. 
Pressure of N a O (mm.). 


100. 

200. 

300. 

400. 

500. 



1-00 

1*40 

1*64 

1*91 

1*80 

Wire 11 


1*00 

MS 

1*34 

1*37 

1*38 

Wire 2 

704° 

1*00 

— 

1*25 

— 

1*26 

Wire 3j 


l-GO 

— 

1*77 

— 

1*89 

** 

880° 


Relative initial rate... 


With a wire in a highly poisoned and inactive state, as a result of 
the prolonged action of hydrogen, saturation was not reached, and 
the rate varied considerably more extensively with the initial 
pressure of nitrous oxide. 

Table II. 

Pressure of hydrogen = 100 mm. (Wire poisoned.) 




Pressure of N 2 0 (mm.). 



100. 

200. 

300. 

400. 

500. 

Relative initial rate... 

1*00 

1*50 

2*10 

2*50 

— Wire 2 


1*00 

1*76 

2*56 

3*13 

3*68 


704:° 
880° 

Influence of Hydrogen .—The influence of the pressure of hydrogen 
on the rate appears to be independent of the state of the wire, as 
the figures of Table III show. Saturation is not reached so readily 
as in the case of nitrous oxide. 

Table III. 

Pressure of nitrous oxide = 100 mm. 

Pressure of H t (mm.). 


Relative initial rate. 


100. 

200. 

300. 

400. 

500. 

1*00 

1*33 

1*58 

1*97 

2*22 

1*00 

1*21 

1*50 

1*78 

1*92 

1*00 

MB 

1*43 

1*40 

1*81 


} 


Wire 4 704° 

Wire 2 880° 
(poisoned) 

Influence of Water Valour .—Experiments were performed in 
which phosphoric oxide was present either in the bulb or in a small 
side tube sealed to it. The rate was reduced somewhat, as compared 
with that observed on the same wire before the introduction of the 
phosphoric oxide, and a certain recovery took place when the side 
tube containing it was sealed off, but the change was not funda¬ 
mentally important. Further, a comparison of the results contained 
in Tables IV and V with those already discussed shows that the 
adsorption isotherms remain of the same form, whether water vapour 
is present or not. 

This reaction possesses some interest in connexion with the 
classification of heterogeneous reactions, as it represents 
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Table IV. 

Pressure of hydrogen = 100 mm. (Fresh ■wire.) 

Pressure of N a O (mm.). 

100. 200. 300. 400. 500. 

Relative initial rate... 1-00 1*34 1-56 1*59 (1*31) Wired 704° 

Table V. 

Pressure of nitrous oxide = 100 mm. (Fresh wire.) 

Pressure of H 2 (mm.). 

100. 200. 300. 400. 500. 

Relative initial rate... 1*00 1*63 — 2*00 2*73 Wired 704° 

one of the most general cases. But rather will it he in certain 
special circumstances, for example, with very small or very large 
adsorption of one reactant, that further theoretical inferences will 
beoome possible. 

Summary. 

The relation between the rate of interaction of nitrous oxide and 
hydrogen at the surface of a gold wire and the concentrations of the 
two gases has been examined at 704° and 880°. The reaction is of 
the type where the two gases are adsorbed independently of each 
other. The rate of reaction tends to a limiting value as the pressure 
of each gas is increased. 

Physical Chemistry Laboratory, 

Balliol College and Trinity College, 

Oxford. [Received, May 11 th, 1926.] 


CCII .—The Specific Heats of Hydrogen Cyanide, A 

Reply . 

By James Reddick Partington. 

A recent statement [(Mrs.) Ingold, this voi,, p. 26] that there is no 
£< obvious disagreement between the author’s results and those of 
Partington and Carroll 55 for the ratio of the specific heats of hydrogen 
cyanide seems to call for correction. Whereas the value found by 
the last two experimenters at 20° was 1-282 (422 mm.), that of 
Mrs. Ingold at the lowest temperature used, 65°, was 1-310 (1 atm.), 
and the curve in Fig. 2 in Mrs. Ingold’s former paper (J., 1922, 121 , 
1610) would indicate that at 20° the value should be of the order of 
1-315, which is 2-3% higher than the value found by Partington and 
Carroll {Phil. Mag., 1925, 49 , 665). It is not considered that such 
agreement is satisfactory. 
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Mm Ingold has discussed in a very general manner the statement 
that “ although the vapour is associated, the association is small ” 
(Partington and Carroll, ibid., p. 680). Since the critical data were 
not known at the time, the latter authors contented themselves with 
an approximate calculation, but the statement that this was 
“ unjustified ” is not confirmed by an examination of the paper. 
Some caution is necessary in approximate calculations, but this 
must not be mistaken for doubt as to the approximate validity of 
the results found. In reality, as Mrs. Ingold points out, the calcu¬ 
lation of the critical constants has been very satisfactorily confirmed 
by the experiments of Bredig and Teichmann (Z. Elektrochem ., 1925, 
31, 449), which appeared later, and these authors have repeated 
our calculations of c P lc v from our own and Mrs. Ingold’s experi¬ 
ments and have shown that they are very close to those obtained 
with the actual experimental data for the critical constants. The 
regular nature of the curve in Fig. 2 in Mrs. Ingold’s first paper 
would therefore seem to be disturbed in the manner previously 
pointed out by Partington and Carroll. 

It would seem possible to test the assumption of a small association 
of hydrogen cyanide vapour by a calculation of the density on the 
assumption that deviations from the gas laws alone, without 
association, are operative, and then comparing the results with the 
experimental values. The method used is one which, it is stated 
(Ingold, this vol., p. 26), has " proved conclusively that, despite its 
enhanced density, the degree of association of water vapour, if not 
zero, is at any rate so small that the most accurate available measure¬ 
ments fail to show it.” The densities have been calculated from 
the ideal value by division by 

X = 1 + A^i-er*) 

in accordance with Berthelot’s equation, which may be expected to 
apply with some accuracy at atmospheric pressure. In this 
expression, » and r have been calculated from the critical data of 
Bredig and Teichmann (p c = 53*2 atm.; T c = 456*6°). The 
results in Table I indicate that, below 100°, the calculated densities 
are distinctly lower than those found by Mrs. Ingold. At 65°, the 
observed density, which lies on the smooth curve, is 2% higher than 
that corrected for deviations from the gas laws, although the 
experimental error is stated to be only 0*2%. (The two observed 
values at 132° and 175° lie well below the smooth curve.) This 
seems to indicate that, if the density measurements are as accurate 
as they are claimed to be, there must be some such small association 
hydrogen cyanide vapour as was assumed by Partington and 
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Carroll, and that the opposite conclusion, arrived at by Mrs. Ingold 
on-very general grounds, and without specific reference to hydrogen 
cyanide, is improbable. 

In a cursory reference to Bredig and Teichmann’s paper, Mrs. 
Ingold has not emphasised the fact that these authors show, by no 
fewer than five different sets of experimental data, that hydrogen 
cyanide is associated in the liquid state and that they express agree¬ 
ment with our calculations for the gas. 

Tig. 1. 


a 

"2 





T e \T - 1. 


It is also of interest to plot the values of log p /p c against those of 
{T c /T — 1), in the manner used by van der Waals. Bredig and 
Teichmann refer to this in their paper, but do not reproduce the 


> 



Table I, 

A obs. 

A obs. 


t° c. 

T° abs. 

T. 

A. 

(air=l). 

(0 = 16). 

A calc. 

65 

338*1 

1*3505 

0*9822 

0*968 

14*06 

13*77 

96 

369*1 

1*2371 

0*9866 

0*951 

13*79 

13*70 

97*5 

370*6 

1*2321 

0*9868 

0*952 

13*80 

13*70 

132 

405*1 

1*1271 

0*9901 

0*936 

13*57 

13*66 

140 

413*1 

1*1053 

0*9907 

0*938 

13*60 

13*65 

175 

448*1 

1*0190 

0*9930 

0*932 

13*51 

13-61 

177 

450*1 

1*0145 

0*9931 

0*934 

13*54 

13*61 


curve. This curve has been constructed from the data of Bredig 
and Teichmann (Zoc. cit.) and of Perry and Porter (/. Amer. Chem . 
/She., 1926, 48, 299), the former being denoted by circles and the 
latter by dots on the curve. It will be seen from Pig. 1 that practi- 
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cally all the points lie on a straight line passing through the origin. 
The gradient of this line is 3-26. According to van der Waals the 
normal value is 3*0, whilst from the curve for water given by Nernst 
(** Theoretische Chemie,” 8—10 AufL, p. 248) the value 3*3 is found. 
It may be remarked that, in reality, the gradient depends somewhat 
on the molecular weight and that, although it is reasonable to com¬ 
pare water and hydrogen cyanide as associated substances, carbon 
disulphide, for which the gradient is lower than 3, should probably 
be chosen as a normal substance for comparison. There would 
seem to be very little, if any, doubt that hydrogen cyanide is 
associated in the liquid state. 

Summary. 

It is shown that the reasons advanced against the assumption of 
Partington and Carroll that hydrogen cyanide vapour is associated 
to a small extent at room temperature are inconclusive, and that 
when the qualitative arguments put forward on general grounds are 
applied quantitatively to the specific case of hydrogen cyanide they 
lead to conclusions exactly opposite to those arrived at by Mrs. 
Ingold. Attention is also drawn to the fact that all the experimental 
evidence, of various kinds, points to association in the liquid state. 

East London College, 

IJniversity of London. [Received, March 2Ath, 1926.] 


CCIIL —The Laws of Aromatic Substitution. Part V. 
The Directing Effect of Electrolytically Dissociated 
Groups .* 

By Beenhabd Flubscheim and Ekio Leighton Holmes. 

In previous communications of this series (J . pr. Chem 1902, 66, 
321; 1905, 71, 497 ; 1907, 76, 165, 185) it was shown, inter alia , 
that the position in which a second substituent will enter a mono- 
substituted benzene ring (whether op-, or m-) can be unequivocally 
predicted from the affinity demand of the first substituent. In 
subsequent papers, a more general theory of reactivity was evolved, 
in which, beside the affinity demand (the “ quantitative factor ” = g), 
the varying nature of the affinity of atoms (“ polar factor 99 = p ) and 
their steric effects ( <e steric factor 5? = s) were taken into consideration. 
A review of the whole subject has recently been published in 
Chemistry and Industry (1925, 44, 246). 

y * A brief preliminary communication of the ideas and the scope of the 
siaents contained in this paper is to be found in Chem. and Ind. 9 1926, 
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Whereas generally account must be taken of all three factors, 
there are cases, and even classes, of reactions where one or even 
two of them can be neglected. Thus the steric hindrance exercised 
by a first substituent in benzene affects substitution in the o-position, 
but its effect, and still more the difference of its effects, in the 
m- and ^-positions are negligible. On the other hand, the polar 
effect of most substituents cannot be neglected in any position, but 
even here the difference of their influence on the m- and p- carbon 
atoms could be ignored in all the cases hitherto exa min ed. This 
has been definitely established by numerous observations; thus, 
not even an accumulation of <c negative groups such as obtains 
in bromocyanophenylnitromethane, C 6 H 5 *CBr (CN) *N0 2 > can prevent 
the essentially exclusive op-substitution predicted from the affinit y 
demand of the substituent (compare J. pr . CJiem 1902, 66, 321). 

In view of this, an observation by Noelting and Kregczy (Bull. 
Soc. chim., 1916, 19, 355) seemed at first sight surprising. These 
authors nitrated diethylbenzylamine in sulphuric acid solution and 
obtained 35 to 40% of the m -nitro - derivative. Since the a ffini ty 
demand of the substituent should lead to op-nitration only, this 
experiment has now been repeated, and through the use of very 
accurate methods of separation the yield of the ^-nitro-compound 
has been found to be even higher, viz., 44% of the isomerides formed. 

This result could not be ascribed to nitration of the free base, 
since the hydrolysis of such a relatively strong base in an excess of 
strong sulphuric acid would be negligible. Neither could it bo due 
to nitration of the salt, which should occur only in the o- and p-posi- 
tions. Reference to the work of Walden and others having shown 
that salts possess a high degree of electrolytic dissociation in strong 
sulphuric acid, even at high concentrations, the question whether 
m-nitration of the electrolytic ion would be in accordance with the 
theory was next considered. Concerning the relative polar effects 
of different atoms, it had already been pointed out (J., 1909, 95, 
719) that an electric charge may be regarded as the most polar 
element. The meaning of this statement may be briefly explained. 

Discarding all speculations concerning the origin and nature of 
chemical affinity, what we really hnow about it appears to be 
this : 1. Chemical affinity, like gravitational and magnetic forces, 
is some function of an atom. 2. Although atoms contain positive 
and negative electrical charges, there is no comp elling reason for 
assuming that chemical force, any more than gravitational or 
magnetic force, is electrostatic. 3, The behaviour of atoms, not 
only towards electrical charges, but also towards one another, proves 
that chemical a ffinit y varies in different atoms both in amount and 
in hind. The difference in kind is most pronounced between the 

3o* 
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atoms of the elements situated at the opposite ends of a period in 
the periodic table and gradually diminishes with the number of 
intervening members of the period. The more two atoms differ as 
to the kind of their affinity, the greater is the difference in their 
tendencies to combine, either with a third atom located towards 
either end of a period, or with an electrical charge of a given sign. 

We may conclude that the variation in kind exhibited by chemical 
affinity implies a gradual transition in polarity , involving a change 
of sign at a given point in a period. This gradual transition 9 if 
extended far beyond the terminal members of a period , would lead to 
polarity in its extreme form—electropolariiy . In other words, whilst 
dectropolarity exists only in two extreme kinds of opposite sign , 
chemical polarity, gradually varying in kind , bridges a limited central 
region in the wide gap between the two electropolar extremes. Thus, 
in view of the strong affinity of fluorine for an electron as well as for 
lithium, the corresponding period might be written : 

©.In,Be,B,C,N,0,F.®, 

polar attraction between two members of opposite sign, and polar 
repulsion * between a given member and a more polar one of the same 
sign, running parallel with their distance apart within the period. 
This is what is meant by the polar factor p or cc polar effect/’ or, to 
use the term recently introduced by Lapworth, by “general polarity,” 

The polar attraction by a negative charge, and the polar repulsion 
by a positive charge, of a halogen atom, nitre-group, etc., therefore 
considerably exceed the corresponding effects of an electrically 
neutral atom or group on these atoms or groups. Accordingly, 
since the polarity of such a charge is transmitted to different nuclear 
carbon atoms in different degrees ascertainable from the theory itself 
(J., 1910, 97, 85), a positive charge tends to direct an entering nitro- 
group, etc., to the least affected nuclear carbon atom, whereas a 
negative charge tends to direct it to the most affected carbon atom. 
In the benzoic anion and the diethylbenzylammonium kation, for 
instance, the nuclear atoms are affected in the order 
(on account of the direct neutralisation of residual affinity between 
the j>-aioms which results in the direct transmission of the polar 
effect from the substituted atom to the 53 -atom) (see loc . cit.), so that 
the overpowering p of the electrical charge must favour substitution 
in the order o->p~>m-inthe benzoic anion and m->p->o- in the 
diethylbenzylammonium kation. Besides, it must have an acceler- 

* “Repulsion. 55 is used in a relative sense only, to denote a reduced 
potential at corresponding points in the field of mutual attraction of the 
The affinity of neon, whilst much smaller in amount than that of 
must be even more polar in kind. 
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ating effect in the anion and a retarding effect in the kation, as com¬ 
pared with the corresponding neutral compound.* 

This is exactly what has been found to occur. Electrolytically 
dissociated sodium benzoate is chlorinated by hypochlorous acid 
(Lossen, D.R.-P. 146, 174) with remarkable ease and in the order 
whereas benzoic acid itself is brominated, by hypo- 
bromous acid, slowly and in the meta-position (Stark, £er. } 1910, 
43, 473). Electrolytically dissociated benzyldiethylammomum 
hydrogen sulphate is nitrated in the meta-position and more slowly 
than the undissociated salt, since ^-substitution in an approximately 
normal solution amounts to 44% only, although the degree of 
dissociation of binary salts in strong sulphuric acid at a corre¬ 
sponding concentration is of the order of 80 or 90%. 

The theoretical support thus afforded for the assumption that 
the observed mefo-nitration is due to the electrolytic ion has been 
supplemented by direct experimental proof. The assumption 
requires that increased electrolytic dissociation should lead to 
increased meZa-substitution, and vice versa. This has been found 
to be the case. At double the dilution, 52% of the m-nitro-deriv- 
ative was formed, the increase being in approximate agreement with 
the value calculated from the increase in dissociation required by 
Sugden’s cubic root law on the basis of exclusive m-nitration of the 
ion and exclusive op-nitration of the undissociated salt (see experi¬ 
mental part); any appreciable op-substitution in the ion and/or m- 
substitution in the salt would, according to Sugden’s law and 
still more according to other dilution laws, have caused the increase 
in the amount of m-nitration to be correspondingly below the ex¬ 
perimental result. Similarly, the introduction of a common ion by 
saturation of the nitrating solution with ammonium sulphate re¬ 
sulted in lowering the amount of mefo-compound formed to 34%. 
In this case, only an approximate calculation is feasible, but it 
shows the decrease to be of the right order. If the dissociation of 
the sulphuric acid solvent itself (to which Dr. Sugden has kindly 
called the authors’ attention) produced a common ion, then the 
change in m-nitration with varying concentration would be even 
greater than required by Sugden’s law. 

Complications such as have now been dealt with, where the 
uniquely strong p of an electrical charge conflicts with and outweighs 
q, can occur only where the charge is carried by an atom separated 
from the nucleus by one intervening atom. When the charged 

* This effect of the polar factor on the velocity of aromatic substitution 
has repeatedly been emphasised by one of the authors {e.g., Ber. 9 1906, 39, 
2016; J. pr. Chem 1907, 76, 200), and its electronic equivalent recently by 
Robinson (this vol.» p. 410) and co-workers. 

3 G* 2 
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atom is directly attached to the nucleus, p and q support each 
other. When the charged atom and the nucleus are separated 
by two or more atoms, the polar factor even of an electrical 
charge may be presumed to become negligible, at least as regards 
its effect on m- versus ^-substitution. 

The present results appear to supply a conclusive solution of the 
problem of m-nitration in solutions of benzylammonium salts and 
to be in complete agreement with the theory advanced by one of 
the authors. Apart from this they seem to show, for the first 
time, a way in which the changes of the t€ degree of dissociation ” 
can be ascertained without interference from disturbing factors such 
as variations in viscosity, ionic mobility, and solvation. The results 
also furnish, perhaps not a final proof, but at least a strong argument 
against the theory of the complete dissociation of strong electrolytes 
and of the intramolecular ionisation of undissociated ammonium 
salts. On these views, the undissociated salt in solution would have 
to be replaced by its two ions in more or less close proximity. But 
in this case, the charge on the kation would be substantially nearer 
to the benzene ring than would the charge on the anion, and though 
it is perhaps not entirely impossible, it is at least highly improbable 
that the latter charge could seriously interfere with the transmission 
to the ring of the pronounced polar effect of the first charge. What 
appears quite certain, however, is that it could not do so in the case 
of Robinson’s mechanism of transmission. Robinson, who has 
adopted the electronists’ view that an ammonium group is ionised 
even in the undissociated salt (J., 1922, 121, 430}, attributes meta¬ 
substitution to a - Lewis ” electron shift towards the ammonium 
group caused by its positive charge (Chem. and Ind ., 1925, 44, 563; 
this vol., p. 410). But such a shift would occur both in the electro¬ 
nically dissociated and in the undissociated state, since in the 
latter the attraction of the electron by the positive charge would, 
according to Coulomb’s law, be compensated by the repulsion of the 
more distant anionic charge only to a fractional extent (less than 
one-quarter). It would be less compensated than a positive charge 
on carbon in carboxyl, carbonyl, tricblorometbyl, or on nitrogen 
in a nitro-group (since the acid radical is generally recognised to b© 
at a greater distance from ammonium nitrogen than oxygen is 
from carbon or nitrogen, or than chlorine is from carbon), all these 
being cases where Robinson (foe. tit.) attributes meta-substitution to 
such a positive charge, thus obviously assuming it to be insufficiently 
compensated. Contrary to the experimental results, Robinson’s 
theory would therefore require meta-substitution in the undis- 
y^iafced as well as in the dissociated portion, especially since His 
l^fematav© (conjugation) cannot be applied in this case. 
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Neglect of the polar and steric factors in classes of reactions where 
—as has repeatedly been emphasised—they must not be neglected, 
has recently led several authors to erroneous objections, which will 
be dealt with in a subsequent com m unication. 

. Experimental. 

Three series of nitrations of diethylbenzylamine were carried 
out. The first of these served to establish the best method of 
separating the isomerides formed. The second series (nitrations 
1 to 5 in the table) gave the approximate results obtained by that 
method, whereas in the final series (nitrations 7 to 10) quantitative 
values were obtained by the determination of that portion of the 
m-nitro-compound which could not be separated as such. 

The nitrations were carried out by Noelting and Kregczy’s 
method (loe. cii .), but at —10° to 0° instead of —5° to +5°. Nitric 
acid (Kahlbaum, “ d 1-52”) was used, except in No. 5, where 
ordinary fuming nitric acid served both as nitrating agent and as 
solvent. In Nos. 8 and 10, the nitrated mixture was kept at room 
temperature for 1| hours, and 4 hours, respectively, instead of the 
usual 1 hour. To prevent any volatilisation of the mtro-bases formed, 
the benzene extract containing them was treated with picric acid 
before evaporation to dryness. The yield of crude nitro-bases was 
always close to 97*0% of the theoretical, and the picric acid added 
(2*60, 4*0, 6*71, 7*10, 2*60, 3*417, 6*48, 4*286, and 4*480 g., respec¬ 
tively, in nitrations 1 to 5 and 7 to 10) was either 97% of the 
theoretical or slightly more. The freezing-point method being 
untrustworthy in the presence of even small amounts of impurities, 
and fractional distillation of the free bases having failed, there only 
remained the following method, involving the use of an analytical 
balance throughout and weeks of work for each nitration of the 
final series: 

The bulk of the relatively insoluble picrate of the m-isomeride was 
obtained pure by prolonged fractional recrystallisation from alcohol 
(see Noelting and Kregczy); this was preferably preceded by 
fractional extraction with small amounts of the solvent. This 
fractionation was carried especially far in Nos. 1, 8, and 10. In 
Nos. 2, 3, and 5, the pure picrate of the p-nitro-compound was also 
isolated, by further recrystallisation from glacial acetic acid, to the 
extent of 1*60, 2*30, and 1*09 g., respectively. The purity of the 
picrate of the m-nitro-compound was established by its correct and 
constant melting point, by the melting point of a mixture with a 
sample prepared from m-nitrobenzyl chloride and diethylamine, and 
by its oxidation to m-nitrobenzoic acid. The purity of the picrate 
of the p-compound, where isolated, was established by its correct 
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and constant melting point, and by the melting point of a mixture 
with synthetic material. The pure picrate, m. p. 122°, of the o-nitro- 
compound could only be obtained synthetically (Noelting and 
Kregczy give 117°). The picrate of diethylbenzylamine itself 
crystallises in stout, yellow prisms, m. p. 120°. In the final series, 
the picrate of the ra-nitro-compound left behind in the op-mixture 
was thus deter min ed : 1 part of the picrate mixture was boiled under 
reflux with 120 parts of water and 2 parts of potassium permanganate. 
At intervals of 30 minutes three further additions of 2 parts of 
permanganate were made, then another after 40 minutes, where¬ 
after boiling was continued for 3 hours. After the excess of per¬ 
manganate had been destroyed by alcohol, the nitrobenzoic acids 
were extracted in the usual way, except that any portion held back 
by manganese dioxide was freed by dissolving the latter in sulphurous 
acid. The m-nitrobenzoie acid was exhaustively separated from its 
isomerides by fractionation of the barium salts (the relatively 
insoluble m-salt crystallising in its characteristic needles), then of 
the free acids, then again of the barium salts, and so on as often as 
was necessary. Traces of benzoic acid, only found in Nos. 8 and 9, 
were determined by the loss in weight of the acid mixture when heated 
below 100° to constant weight, the sublimed benzoic acid being 
subsequently identified. Experiment 6 was carried out to ascertain 
whether the proportions of the isomeric nitrobenzoic acids obtained 
by oxidation (whereby about 80% of the theoretical quantity was 
recovered as crude acids) corresponded exactly with the proportions 
of the isomeric picrates oxidised. This was found to be the case. 
Corroboration was obtained by oxidising 2 g. of the picrate of the 
o-nitro-eompound under identical conditions, whereby 0-579 g. of 
pure o-nitrobenzoic acid was obtained (76% of the theoretical), 
whereas 2*50 g. of the m-isomeride gave 0*76 g. of acid (79’6%); 
also by boiling 2 g. of o-nitrobenzoic acid in 240 c.c. of water with 
1*5 g. of potassium hydrogen carbonate and 4 g. of potassium 
permanganate during 3 hours, whereby 1*789 g. (89*5%) of the 
unchanged acid was recovered. This proves that, in the particular 
method employed, undue further oxidation of o, as compared with 
m- and p-nitrobenzoic acids, does not occur. 

The yields of m-compound were calculated in Nos. 1, 7, 8, and 10 
on the total separated picrates obtained, less a correction for any 
excess of picrate (0 to 0*1 g.) used beyond the normal equivalent of 
97% of the theoretical quantity, and also for any traces of benzoic 
acid found and calculated as the picrate of the unnitrated amine. 
In Nos. 2, 3 and 5, where the picrates of the op-mixture had been * 
; Worked up further for the ^-compound before its weight was taken. 
No. 9, where this mixture was inadvertently oxidised before 



Acid (c.c.). Separated Picrates »i-Nitro- 

Amino .-'-> pierates m-Picrates oxidised o- plus p- Benzoic compound 

No. (g.). H 8 S0 4 . HNO s . (NH 4 ) 8 S0 4 . (g.). (g.). (g.). m-Acid (g.). Acids (g.). acid (g.). formed %. 

1 1-86 11 0-8 0 4-65 1-87 — — — — > 40-92 
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its weight had been accurately taken, the yield of m-compound was 
calculated on the normal yield of separated picrates amounting to 
94 % of the theoretical. The proportion of m-acid in the separated 
nitrobenzoic acids gave the percentage of m-picrate in the in¬ 
separable portion of the picrates. 

The ± corrections in the last column of the table are due to 
adding one-half of the small fraction of impure m-nitro-acid to the 
pure for calculation of the yield. In Nos. 9 and 10 the concentration 
of the amine in the sulphuric acid was accurately one-half of that 
obtaining in No. 7. The ammonium sulphate added in Nos. 2, 3, 4, 
and 8 was in excess of the amount soluble at the nitration temper¬ 
ature. The amount dissolved can be calculated from the following 
experiment: 15 c.c. of the sulphuric acid and 2-523 g. of the amine 
gave 17-5 c.c. of solution and 17*3 c.c. at 0°. 6-2 G. of ammonium 
sulphate gave a clear solution in the above liquid of 20-4 c.c. at 0°; 
a further 0-2 g. produced a distinct cloudiness (total volume 20-5 c.c.). 

The average m-nitration in Nos. 9 and 10 is 52-7%. For an 
average degree of dissociation of 90% in nitration No. 7, Sugden’s 
cubic root dilution law requires a yield of 50-3% of the m-compound 
in Nos. 9 and 10, whereas for 80% and 70% dissociation in No. 7, 
51% and 51-9% of the m-compound should be obtained in Nos. 9 
and 10. Walden's dilution law (1—a = K/v°‘ i5 ) (quoted in 
Walden, “ laitvermogen der Losungen/* HI, 59) requires 52*5, 
53*3, and 54*3%, respectively. 

The authors desire to express their indebtedness to the Depart¬ 
ment of Scientific and Industrial Research for a grant to one of them 
(E. L. H.) which has enabled him to contribute the experimental 
portion of this work; also to Sir W. Bragg and the Royal Institution 
for placing at their disposal the facilities of the Davy Faraday 
Laboratory, where the work was carried out. 

[Received, March 12 th, 1926.] 


GGTV—Properties of Conjugated Compounds. Part /. 
Conjugative Associations in Extended “Con¬ 
jugated” Systems . 

By Ernest Harold Farmer and John Ross. 

In extended conjugated systems of the type CHICHDHXOTCIO, 
.the characteristic mode of terminal hydrogen addition is usually 
.regi^ded as due to the conjugative coherence of all the individual 
Ip^liurated elements of the chain. Many reactivities of these 
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structures, however, appear to be dependent on a state of partial 
association in which the complex CH!CH*C!0 acts as a conjugated 
unit, the whole behaving as a substituted ethylene or as a (3-sub- 
stituted acrylic acid. As a means of estimating the extent of 
conjugative association in extended systems, an attempt has been 
made to examine the degree to which the behaviour of the acrylic 
“ unit ” is modified by inclusion in systems of the type in question. 
Since one of the most important properties of the complex is a 
normal capacity for change from one conjugated form to another 
(•CH:C-0:0 :C-C:C-OH)—a change impossible in extended systems 
unless the olefinic chain is branched—observations have been made 
in this respect, certain cycfohexenylidenecyanoaeetie esters con¬ 
taining the essential structure C<^ C-C—O being 

employed for the purpose. 

It was shown by Knoevenagel and Mottek {Ber. } 1904, 37, 4464), 
in their investigation of the reactivity of ketones, that 1-methyl-A 1 - 
cycZohexen- 3 - one reacts with ethyl cyanoacetate in the presence of 
piperidine, giving ethyl methylcj/cZohexenylidenecyanoacetate (I). 
In accordance with the assigned constitution, this substance could 
be broken down by hydrolysis with caustic alkali into the original 
ketone and malonic acid; apparently, however, it was unsuitable 
for our experiments owing to the ease with which it was stated to 
undergo an astonishing intramolecular change. Thus, according 
to these authors, hydrolysis with sodium carbonate yielded an acidic 
compound to be represented by some such formula as (II) or (HI), or 
one of their enolised equivalents. 



(I.) (n.) (HI.) 


Further, the silver salt of the substance yielded with methyl iodide 
a mix ture of isomeric esters or ethers for the isomerism of which it 
was diffi cult to account. The formulae assigned were necessitated 
solely by the analytical results; there was nothing in the behaviour 
of the substance itself to suggest the presence of the aromatic 
nucleus which these formulae imply. Consequently, in reviewing 
the evidence, the suspicion arose that the acidic compound was a 
nitrogenous substance, and, if formula (I) were correct, was actually 
the normal hydrolysis product (IV). Repetition of Knoevenagel 
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and Mottek’s -work confirmed this view, thus rendering possible the 
study of the methylcf/cfohexenylidenecyanoacetic esters. 

CMe CMe CMe 


ch 2 o h 

CH, C^CfCNJ-COaH 

\/ 


CH, 


(IV.) 



CH 2 CH 90 2 Me 
CH 2 u—-0 
\/ CN 


CEo 


(VI.) 


The ethyl ester was very readily obtained and was converted by 
alcoholic alkali into an acid agreeing with formula (IV) analytically, 
and in melting point and general properties with Knoevenagel and 
Mottek’s supposed dicyclic compound. This rather intractable acid 
did not appear homogeneous, but could not be separated into 
components by fractional crystallisation. Esterification, however, 
yielded the two isomeric methyl esters mentioned above. 

Formula (TV) at once suggests the possibility of geometrical 
isomerism about the extracyclic double bond, and the two isomerides 
found might be regarded as the maleinoid and fumaroid forms (V 
and VI). This being so, these two solid methyl esters should be 
directly obtainable by the condensation of methyl cyanoacetate 
with the ketone. When this was done, the excellent yield of the 
two methyl esters obtained left no doubt as to their monocyclic 
constitution. 

As the isomerides or tautomerides concerned in mobility of the 
ap~Py type are usually brought into equilibrium in the presence of 
alkalis or sodium alkyloxides, the two methyl methykyclohexenylidene- 
cyanoacetates were separately treated with alcoholic sodium meth- 
oxide. In each case, a similar mixture of three esters was obtained 
from the product. Two of these were the esters (V) and (VI), and 
the third must be regarded as the methyl methylcycZohexadienyl- 
cyanoacetate (VII). Subsequently this was shown to yield a 
similar mixture of three isomerides on treatment with sodium 
methoxide. Since in all three mixtures the proportions of the 


(VI.) 



CMe 

g* ns : 

*Me 

(vn.) 


(V.) 


CMe 

/\ 

CH 2 CH CN 
CH 2 C—OMe 

COaMe 

(vm.| 


iponents appeared identical, there is little doubt that an equili- 
“ ‘ .holds. Caustic alkali exerted a similar influence during the 
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hydrolysis of these esters, as was shown by the melting point of the 
acid mixture obtained and by the nature of the mixture of esters 
obtained on re-esterification; further, upon repetition of these pro¬ 
cesses with larger amounts of the ethyl ester first obtained, the third 
methyl ester was isolated in this case also. 

Each of the three esters gave a distinctive dibromide and each 
could be methylated precisely as the various cycZopentenyl- and 
cycZohexenyl-cyanoacetie esters and their tautomerides (Harding 
and Haworth, J., 1910, 97,490; Birch and Kon, J., 1923,123,2440), 
the product in all cases being one and the same methyl derivative 
(VIII). 

In attempts to prepare the cyanoacetamides of the isomeric esters 
by means of aqueous ammonia, each gave rise to a dicyanoacetamide 
(IX) and the ammonium salt of the imide (X), both being identical 
with the compounds directly obtainable from the ketone and 
cyanoacetic ester by the Guareschi synthesis. Such syntheses 
resulting from the reversion of a portion of the cyclic ester into its 
generators, with the subsequent addition of the liberated cyanoacetic 
ester (or amide) to the undecomposed portion, have recently been ob¬ 
served in other series (private communication by Miss W. Kilroy). 


CMe 

(IX.) j®» 5®CH(CN)-CO-NH 2 
^<CH(GN).CO.NH 2 

CH a 


CMe 

/% ( 

~ 1H 

CH, CN 


•CO- 


(X.) 


Among the small portions of ester recovered in these reactions, iso - 
merides other than the original one were obtained. Interconversion of 
the esters could be secured only by the use of an alkaline equilibrating 
agent; thus the passage from a fumaroid to a maleinoid form was 
only possible by way of the third (c^cZohexadienyl-) form, and in the 
original condensation of the ketone and methyl cyanoaeetate two 
and only two forms were obtained. 

In estimating the effect of conjugative association on the incor¬ 
poration of the group CHICH-CIO in a larger unit, it is convenient 
to compare the results obtained above with the evidence furnished 
by substances containing no double bonds other than those of the 
acrylic system. Among the latter, considerable, and at present 
inexplicable, variations occur in the speed of attainment and in the 
position of equilibrium. In some cases, the ap- and py-forms are 
readily isolable and undergo appreciable interconversion only in the 
presence of a reagent like sodium alkyloxide; in the limiting cases, 
isomerisation is so rapid (even in absence of a reagent) and the 
position of equilibrium favours so strongly one form or the other 
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that the separation of individuals has been impossible.* In the 
cycZohexenylidene esters described above, the acrylic group seems 
to be preserved as a definite unit. Change of the ap-py type, which 
might conceivably have been suppressed, is here of normal and 
intermediate character; and in so far as this is the case there is no 
positive evidence of any considerable tendency for the extended 
system, of which the acrylic group is a part, to act persistently as a 
completely conjugated unit. 

Experimental. 

Co7idensation of Methyl Cyanoacetate with l-ATeZAyZ-A^cyclo- 
heocen-2-o?ie. —A mixture of the ketone (110 g.), the ester (100 g.), 
and piperidine (10 c.c.) was heated at 120—125° for 6 hours. The 
cooled product, upon the surface of which a thin aqueous layer had 
formed, was diluted with ether and thoroughly washed, first with 
dilute sulphuric acid and then with dilute sodium carbonate solution. 
The dried ethereal solution was distilled, finally at a very low pres¬ 
sure (the amount of undecomposed material passing over at 1 mm. 
was double that at 10 mm.); the fraction, b. p. 165—175°/2 mm., 
solidified on cooling (yield 70%). 

A considerable portion of this solid dissolved in boiling petroleum 
fb. p* 40—60°). The solution deposited one isomeride of methyl 
l-iMthyl-^-oyclohexenylidene-S-cyanocbcetate in large, needle- 
shaped prisms, m.p. 74°; these were sometimes colourless, but often 
had a deep yellow colour which was removed by boiling in petroleum 
solution with animal charcoal (Found : C, 68*95; H, 6*9; KT, 7*5. 
CnH^O^N requires 0, 69*05; H, 6*85; N, 7*3%). 

The petroleum mother-liquor, after concentration and cooling, 
deposited flat, colourless prisms, m. p. 60°. This substance, 
isomeric with that described above (the two are regarded as iso- 
merides of the fumaroid-maleinoid type), represented about 6% of 
the ester mixture (Found : O, 69*05; H, 6*9; Iff, 7*45%). 

The portion of the ester mixture undissolved by boiling petroleum 
crystallised from methyl alcohol-petroleum in colourless, hexagonal 
prisms, m. p. 88°. The nature of this stable, highly nitrogenous 
substance, which is readily obtainable from the cyanoacetic ester 
and piperidine alone, has not been determined (Found: C, 63*1 • 
H, 8*0; N, 17*7%). 

, * The strictly comparable c^/cfchexylidene- and cycZopentylidene-cyano- 

^ acetic esters are liquids (Birch, Eon, and Morris, J., 1923, 123, 1368) and 
lifff®; the details published it is evident that both the position of equilibrium 
isolability of the separate forms are uncertain. In the present case, 
is attained when the material is divided between the cycfohexa- 
cyefohexenvlidene form in the approximate ratio of 3 :10. 
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Condensation of Ethyl Cyanoacetate with 1 -Methyl-^-cyclo- 
hexen-3-one. —This condensation, effected by Knoevenagel and 
Mottek’s method (loc. cit .), produced an oil from which, by distillation 
at 1 mm. pressure and refractionation, a mixture of esters, b. p. 
190°/16 mm., which solidified on cooling, was obtained. The main 
part of this mixture melted at 58° after recrystallisation from light 
petroleum. This substance, doubtless one form of ethyl methyl- 
cycZohexenylidenecyanoacetate, was used for the repetition of 
Knoevenagel and Mottek’s experiments (Found : C, 70*0; H, 7*5; 
N, 7*05. Calc, for C 12 H 15 0 2 N : C, 70-2; H, 74; N, 6*85%). 

Equilibration by Alcoholic Caustic Alkali.—Hydrolysis of methyl- 
oyclohexenylidenecyanoacetic esters . The ethyl ester was not 
appreciably hydrolysed on boiling for 12 hours with 15% hydro¬ 
chloric acid and was only slowly affected by boiling with sodium 
carbonate solution in the manner described by Knoevenagel and 
Mottek. Since prolonged treatment with caustic alkali caused 
degradation, the ester was boiled for 30 minutes with 10% aqueous- 
alcoholic caustic potash (alcohol: water ==3:1). The deep brown 
solution so obtained was cooled, and the hydrolysis product separated 
by the usual methods into neutral and acidic portions. The acidic 
portion was a very sticky, brown solid which was recrystallised 
several times from benzene, decolorised by animal charcoal, and 
recrystallised from acetone. This acid, which was not homo¬ 
geneous in crystalline form, melted at 149° (Found: C, 67*6; 
H, 6*3; N, 7*9; M, monobasic, 174. Calc, for C^H^CgST : C, 67*8; 
H, 6*25; N, 7*9%; M , 177*1). The ammonium salt was obtained, 
from the acid and ammonia in ether, as a colourless, crystalline 
precipitate, which was dried in a vacuum. The silver salt was 
precipitated as a pale yellow powder from an aqueous solution of the 
ammonium salt by silver nitrate. 

Separation of the isomeric esters. The mixture of methyl esters, 
b. p. 180—185°/17 mm., obtained by boiling the silver salt with 
alcoholic methyl iodide was crystallised from petroleum. The 
characteristic, needle-like crystals of methyl methylcycfohexenyli- 
denecyanoacetate, m. p. 74°, separated first; then, after concen¬ 
tration, the geometrical isomeride, m. p. 60°, was obtained in large, 
hexagonal plates. (Both of these were shown by analysis and by 
direct comparison to be identical with the respective esters de¬ 
scribed above.) Finally, when the mother-liquor had been evaporated 
almost to dryness, crystals of methyl 1-methyl- A. 1:3 -Gj6iohem- 
dienyl-S-cyanoaceiate were obtained. These, after recrystallising 
several times from strongly-cooled methyl alcohol-petroleum, were 
obtained in colourless needles, m. p. 42° (Found: C, 69*1; H, 7*0; 
N, 7*5. C 1X H 13 0 2 K requires C, 69*05; H, 6*9 ;N, 7*35%). 
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The proportions in which the three esters were obtained were 
(m. p. 74°): (m. p. 60°) : (m. p. 42°) = 4:1:1*6. 

Equilibration by Sodium Alkyloxide .—A mixture of the ester, 
m. p. 74° (3 g.) and sodium methoxide (1 mol.) in cold methyl 
alcohol was kept for one hour and then poured into water. The 
mixture of solid esters (2 g.) obtained by extracting the product 
with ether yielded, on fractional crystallisation, the three isomeric 
esters in the approximate proportions 4*2 :1:1-5. Nearly a third 
of the material suffered hydrolysis during the process. 

Similar results were obtained with the other two isomerides. 

Methylation of the Isomeric Esters. —An equilibrated mixture 
obtained as described above was heated on a water-bath with an 
excess of methyl iodide for 30 minutes. The cooled solution was 
poured into ice-water, and the product extracted with ether. The 
extract was washed in turn with dilute acid and sodium carbonate 
solution and dried. Evaporation of the ether yielded an oil two- 
thirds of which distilled at 160—165°/10 mm. On redistillation it 
was obtained as a colourless, mobile liquid, b. p. 160°/11 mm. This 
substance, from its analysis and ready conversion into the corre¬ 
sponding acetonitrile, must, be regarded as methyl I~methyl-A 1:S - 
cyolohezadienyl-3-a-cyanopropionate (VDI) (Found: C, 69*95; 
H, 7*5; N, 7*3. C^gH^OgN requires C, 70*2; H, 7*4; N, 6*9%). 

Bromination of the Isomeric Methyl Methyleyclohexenylidene- 
cyanoacetates. —The esters, m. p. 74° and 60°, yielded, on bromina¬ 
tion (1 mol.) in cold chloroform, dibromides which crystallised from 
alcohol-petroleum in large, colourless prisms, m. p. 77° (Found : 
Br, 45-2%), and fine needles, m, p. 65° (Found: Br, 45*3. 
^li^iaOaNBr requires Br, 45*5%) respectively. The ester, m. p. 42°, 
similarly yielded a yellow, oily dibromide (Found : Br, 44*8%). 

These dibromides readily lost hydrogen bromide on treatment 
with diethylamine, but the products were all liquid and could not 
be satisfactorily reduced by any of the reagents employed. 

Decarboxylation of the Cyano-esiers. —Decarboxylation of (VIII) 
by Birch and Kon’s method (loc. cit p. 1374) gave, in good 
yield, 1 -methyl-A 1 ' 2 -cyclQhexadienyl-3-propionitrile as a colourless, 
mobile liquid, b. p. 126°/11 mm. (Found : C, 81*9; H, 9*0; N, 9*0. 
CmHjaNT requires C, 81*6; H, 8*9; N, 9*5%). 

The purified hydrolysis product of methyl (or ethyl) methylcycZo- 
hexenylidenecyanoacetate (p. 1575) yielded, on heating with water 
at 180° or on boiling for 30 minutes with 15% hydrochloric acid, a 
hght, neutral oil which, after extraction, drying, and distillation, 
was obtained as a colourless, mobile, highly refractive liquid, b. p. 
10 mm. (Found : C, 80*8; H, 8*3; N, 10*2. C*E n N requires 
lM t 8*3; N, 10*5%). 
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Action of Ammonia upon the Three Isomeric Esters .—The methyl 
ester, m. p. 74° (3 g.), gradually dissolved in concentrated aqueous 
ammonia, and after 12 hours large crystals, m. p. 273°, of 
1-methyl-M-oyclohexene-3 : 3 -dicyanoacetamide (IX) were deposited. 
A second crop consisted of this substance and the ammonium salt of 
the eyanimide (X). The latter had m. p. 188° (Found: C, 60*1; 
H, 6*4; N, 21-3. C 13 Hj 6 O a N 4 requires C, 59*95; H, 6*2; N, 
21*5%) and yielded, on acidification of its aqueous solution, the free 
imide , a white, crystalline powder, m. p. 195° (Found: X, 17-L 
C^HigOgJSTg requires N, 17-3%). The dicyanoacetamide, which 
was insoluble in all the ordinary solvents, was washed in turn with 
boiling alcohol and boiling water and then had m. p. 275° (Found : 
C, 59*85; H, 6*2; N, 21*4. requires C, 59*95; H, 6-2; 

N, 21*5%). The yields of the condensation products corresponded 
with the explanation of their formation given in the introduction. 

The esters, m. p. 60° and m. p. 42°, also gave on similar treatment 
the same two compounds (m. p. 188° and m. p. 275°). The quantities 
of the cyclic imide and dicyanoacetamide produced varied in the 
different experiments, but the total amount was constant. 

Condensation of Methyl MethylejclohexenylideTiecyanoacetate with 
Methyl Cyanoacetate .—To a solution of the ester, m. p. 74° (5 g.) 
and methyl cyanoacetate (2*5 g.) in cold alcohol, ammoniacal 
alcohol (10 c.c., saturated at —10°) was added, and the mixture kept 
at 0° for 2 days, much crystalline matter separating. The ammon¬ 
ium salt of the cyclic imide and the dicyanoacetamide described 
above were thus obtained in 68% yield. 

Condensation of Methylojclohexenone and Ethyl Cyanoacetate .— 
A mixture of methyleycfohexenone (4 g.), ethyl cyanoacetate (8*5 g.), 
and ammoniacal alcohol (18 c.c., saturated at —10°) was kept at 0° in 
a closed bottle. The crystals deposited after 1 day consisted almost 
entirely of cyanoacetamide, but after 3 days 5*5 g. of the almost 
pure ammonium salt of the imide (X) were obtained. 

The authors desire to express their thanks to the Government 
Grant Committee of the Royal Society (E. H. F.) and to the Chemical 
Society (J. R.) for grants towards the cost of the investigation, and 
to Professor J. F. Thorpe for his interest in the work. 

Imperial College op Science and Technology, 

London, S.W. 7. [Received, February 17 tk, 1926.] 
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CCV .—The Isomerism of the Styryl Alkyl Ketones. 
Part III . Methoxy- 2- and ^-hydroxystyryl Alkyl 
Ketones . 

By Alexander McGookin and Donald James Sinclair. 

In order to confirm the results of the investigations on the isomerism 
and behaviour towards alkali of the hydroxystyryl alkyl ketones 
( J., 1924, 125, 2099; 1925, 127, 2539) various derivatives of 2-hydr¬ 
oxystyryl methyl ketone and analogous compounds have been 
prepared and examined. 

5-Methoxy-2-hydroxystyryl methyl ketone (Heilbron and Whit¬ 
worth, J., 1923, 123, 238), lie the 2-hydroxy-compound, exists in a 
yellow and a colourless form of identical m. p. and is partly con¬ 
verted into the red sodium salt of 5 : &-dimethoxy- 2 : 2'-dihydroxydi- 
siyryl ketone in alkaline solution. This change occurs instantly 
with the yellow isomeride, but only very slowly with the colourless 
modification; the colourless form of 2-hydroxystyryl methyl 
ketone also develops the usual red colour in similar circumstances. 

The colourless form of 4-methoxy-2-hydroxystyryl methyl 
ketone has been isolated; it is stable in air and resembles the colour¬ 
less form of 2-hydroxystyryl methyl ketone in properties. The 
yellow form (Heilbron and Whitworth, loc. cit.) has not been obtained 
pure and is under investigation. 

The yellow crystalline condensation product, m. p. 83°, of 3- 
methoxysalicylaldehyde and acetone obtained by Heilbron and 
Whitworth (loc. cit.) 9 and regarded by them as p-hydroxy-j3-3- 
methoxy-2-hydroxyphenylethyl methyl ketone, has also been 
described by Nomura and Nozawa ( Sci. Rep . Tdhoku Imp. U?iiv. t 
1918, 7, 79), who* consider it a hydrate of 3-methoxy-2-hydroxy- 
styryl methyl ketone. Further examination indicates that it is a 
hydrate rather than an aldol. In addition to the benzoyl derivative 
of 3-methoxy-2-hydroxystyryl methyl ketone already obtained 
from it by Heilbron and Whitworth (foe. cit.) an acetyl derivative 
of the unsaturated ketone has been prepared. Both compounds, 
on hydrolysis, yield the hydrated substance. Moreover, condens¬ 
ation of this compound with 3-methoxysalicylaldehyde produces 
the symmetrical distyryl ketone. Again, crystallisation of the 
hydrated substance from dry benzene yields, as a second crop, 
colourless needles -Which, on removal of the solvent, immediately 
absorb water to form the original yellow compound of m. p. 83°. 
3-Methoxy-2-hydroxystyryl methyl ketone, however, could not be 
From the compound of m. p. 83°, by crystallisation 
Ip ^tan anhydrous solvent, Nomura and Nozawa (loc. cit.) obtained 
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an unsaturated ketone of m. p. 77—77*5°. This m. p. for 3-inethoxy- 
2 -hydroxystyryl methyl ketone is anomalous in three respects : 
(i) all ketones of this type melt at about 130°; (ii) removal of water 
from an aldol or a hydrate invariably causes a rise in m. p.; (iii) the 
symmetrical distyryl ketone has a normal m. p. 

In Part I the compound of m. p. 83° was assumed to have the 
aldol structure, and the fact that it could not be isomerised was 
taken as evidence of the geometric nature of the isomerism of this 
class of ketones. In view of the present observations this evidence 
cannot be taken as conclusive. 

The yellow form of 3-methoxy-4-hydroxystyryl methyl ketone 
(Franeesconi, Oazzetta, 1908, 38, ii, 70,* McGookin and Heilbron, J., 
1924, 125, 2104) is peculiar in being exceedingly stable, resisting 
isomerisation except by extreme methods. When, however, con¬ 
centrated alkali is added to its alkaline solution, the salt precipitated 
is that of the colourless form. Hence it is assumed that the salts of 
both isomerides are in equilibrium in alkaline solution. 

The yellow form of 3-methoxy-4-hydroxystyryl methyl ketone 
changes on fusion into the colourless modification of the same m. p. 
—a similar change doubtless accounts for the identity of the m. p.’s 
of each pair of isomerides throughout this series of ketones. Both 
forms of this substance resemble those of 2-hydroxystyTyl methyl 
ketone by dissolving in alkali, the yellow form to yield a red solution 
and the colourless isomeride to give a yellow solution which assumes 
a red colour on standing. In both instances the red colour is due 
to the sodium salt of 3 : 3' -dimethoxyA : 4' -dihydroxydistyryl ketone. 
Hence styryl methyl ketones are capable of condensing to a slight 
extent with 4-hydroxyaldehydes in the presence of alkalis (compare 
Buck and Heilbron, J., 1922, 121, 1095). 

Expe ri mental. 

5-Methoxy-2-hydroxystyryl Methyl Ketone. —The colourless modifi¬ 
cation was obtained, by boiling the yellow isomeride (Heilbron and 
Whitworth, loc. cit.) with water containing a trace of acid, 
in needles, m. p. 124°, soluble in alcohol or benzene. It dissolves 
in alkali to a yellow solution which develops a deep red colour after 
12 hours (Found : C, 68-5; H, 6-3. C n H 12 0 3 requires C, 68*7; 
H, 6*3%). 

5 : 5'-Dimethoxy-2 2 f -dihydroxydistyryl Ketone. —When 40% 
sodium hydroxide (10 c.c.) was added to a solution of the yellow 
isomeride of 5-methoxy-2-hydroxystyryl methyl ketone (2 g.) 
in 20% sodium hydroxide (30 c.c.), lustrous, green needles separated. 
An aqueous solution of these, on acidification, gave the distyryl 
ketone (1-2 g.), which crystallised from alcohol in orange needles, 
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m. p. 158°, soluble in acetone but almost insoluble in benzene 
(Found : C, 69*6; H, 5*6. C 19 H 18 0 5 requires C, 69*9; H, 5*5%). 

4c-M ethoxy-2-hydroxystyryl Methyl Ketone . — The following is the 
best modification of Heilbron and Whitworth’s method. To a 
solution of 4-methoxysalicylaldehyde (9 g.) and acetone (16 g.) in 
alcohol (100 c.c.), sodium hydroxide (200 c.c. of 20%) was added. - 
After 3 days the red mixture was diluted with water (1000 c.c,), 
cooled to 0°, and almost neutralised with dilute sulphuric acid (rise 
of temperature or excess of acid caused the production of tar). 
The produet (10 g.) was crystallised from benzene and from chloro¬ 
form-hexane and obtained in colourless needles, m. p. 131°. It was 
readily soluble in alkali to a yellow solution which developed a deep 
red colour after 12 hours. 

4: 4/-Dimethoxy-2 : 2' -dihydroxydistyryl Ketone .—A mixture of 
2 mols. of 4-methoxysalicylaldehyde (10 g.), 1 mol. of acetone 
(2 g.), and alcohol (40 c.c.) was treated with sodium hydroxide 
(250 c.c. of 20%) and warmed on the water-bath for 10 minutes. 
The deep red solution deposited, after 12 hours, lustrous green 
needles of the sodium salt of the distyryl ketone. From an aqueous 
solution of this, almost neutralised at 0°, the ketone was precipitated 
as a yellow solid. It crystallised from cold aqueous alcohol in 
brown plates, m. p. 170°, soluble in alcohol, but almost insoluble 
in benzene. It is unstable and produces a red solution with an 
intense green fluorescence when warmed in alcohol (Found : O, 
69*6; H, 5-6. C 19 H 18 0 5 requires C, 69*9; H, 5*5%). 

^-Methoxy-2-hydroxystyryl Methyl Ketone Hydrate {?).—This 
compound (Heilbron and Whitworth, loo. cit.) formed yellow plates, 
m. p. 83°, from aqueous alcohol. It crystallised from dry benzene 
in similar yellow plates, but the second crop of crystals consisted 
of colourless, hygroscopic needles. These dissolved in alkali to 
form an orange-red solution which developed the usual deep red 
colour on standing. 

2-Methoxy-2-acetoxystyryl Methyl Ketone .—The hydrated com¬ 
pound (10 g.) was boiled for an hour with acetic anhydride (150 c.c.), 
the hot solution poured into am excess of water, and almost neutral¬ 
ised with sodium carbonate. The precipitate produced (10 g.) 
crystallised from alcohol in colourless needles, m. p. 91°, soluble in 
benzene or hot water (Found: C, 66*4; H, 6*1. C 13 H 14 0 4 requires 
C, 66*6; H, 6*0%). 

3 : Z f -Dimdhoxy-2 :2'-dihydroxydistyryl Ketone .—The sodium salt 
that separated after 24 hours from a solution of 3-methoxysalicyl- 
aHehyde (50 g.) in acetone (80 g.) and sodium hydroxide (600 c.c. 
pf 2*5%) to which 10% sodium hydroxide (240 c.c.) had been added 
S waa dissolved in water and acidified. The ketone precipitated 
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crystallised from aqueous alcohol in orange needles, m. p. 182° 
(Found: C, 69*6; H, 5*5. C 19 H 18 0 5 requires 0*69-9; H, 5*5%). 

3-Methoxy-4:-hydroxystyryl Methyl Ketone .—A solution of vanillin 
(50 g.) in acetone (120 c.c.) and alcohol (50 c.c.) was treated with 
sodium hydroxide (100 c.c. of 20%) and kept for 12 hours. Long, 
yellow needles of the sodium salt of the colourless isomeride were 
produced; the ketone obtained from these crystallised from aqueous 
alcohol in colourless needles, m. p. 129°, soluble in acetone or 
benzene. It dissolved in alkali to a yellow solution which turned 
red after 12 hours. 

3 : 3'-Dimethoxy-4: : 4' -dihydroxydistyryl Ketone * —(a) On boiling, 
a solution of the preceding colourless isomeride (25 g.) in sodium 
hydroxide (200 c.c. of 20%) became deep red and acetone was 
evolved. When the evolution of this had ceased, after 15 minutes, 
the solution was cooled, and sodium hydroxide (40%) added until 
a precipitate formed. Lustrous green needles of the sodium salt 
of the distyryl ketone slowly separated. The ketone obtained 
from these crystallised from chloroform in pale yellow needles, m. p. 
142° (Found: C, 69*6; H, 5*6. C 19 H 18 0 5 requires C, 69*9; H, 
5*5%). 

This compound was very soluble in alcohol or acetone, moderately 
easily soluble in chloroform, but almost insoluble in benzene. It 
forms an orange-red hydrate , m. p. 121°, containing one molecule 
of water when crystallised from an aqueous solvent (Found: G, 
65*8; H, 5*9. C 19 H 18 0 5 ,H20 requires C, 66*2; H, 5*8%). The 
hydrate loses water when heated in a steam-oven or crystallised 
from a non-aqueous solvent. 

(b) A better yield (15 g.) of the distyryl ketone was obtained by 
gradually adding concentrated hydrochloric acid (50 c.c.) to a solu¬ 
tion of vanillin. (25 g.) in acetone (90 c.c.) cooled in a freezing mixture. 
A dark violet-red coloration was observed and from the mixture, 
kept at 0° for 4 days, green-black crystals separated. These were 
filtered off, washed well with ether, and decomposed by dissolution 
in excess of sodium hydroxide (10%). The free distyryl ketone 
was obtained from this solution as before. 

University of Liverpool. [Received, February 19 th, 1926.] 

* This compound has recently been prepared by Nomura and Hotta {Sci. 
Rep. Tdhoku Imp. Univ., 1925, 14, 119). 
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COVI*— The Halogenation of Phenols . 

By Frederick: George Soper and Gilbert Freeman Smith. 

The iodination of phenols has been investigated by Cofman (J., 
1919, 115, 1040), who concluded that the active iodinating agent 
was hypoiodous acid, free iodine having apparently no direct 
iodinating effect. Similar views were held on the mechanism of 
bromination (Baines, J., 1922, 121, 2810), but recently Francis 
(/. Amer. Chem. Soc., 1925, 47, 2340) has shown that bromine is a 
more active brominating agent than hypobromous acid. Both 
Cofman and Francis are of the opinion that probably the only 
active halogenating agent is the positive halogen ion. This con¬ 
clusion can be tested using halogens and hypohalous acids, since, 
although the actual degrees of ionisation of these substances into 
positive halogen ions (Stieglitz, J. Amer. Chem, JSoc. , 1901, 23, 796) 
are not known—except in the case of hypoiodous acid (Murray, 
J., 1925, 127, 882)—their relative ionisations may be calculated 
from other data. For, assuming the existence of such equilibria as 
HOC1 OH' + cr 

ci 2 cr + er 

then 

k K0 * _ [OH'][cr]/[or][cr] _ mohth-] e w 

Ec* [HOCl] / [Cl 2 ] ~ [Cr][HOG][H*] ~ W 

where E, is the hydrolysis constant of chlorine (Jakowkin, Z, 
'physikal. Chem., 1899, 29, 613) and equals 4-84 X 10" 4 . S imil ar* 
expressions hold for bromine and for iodine, the hydrolysis con¬ 
stants being 5*2 x 10“ 9 and 3 X 10” 13 respectively (Bray and 
Connolly, J. Amer. Chem. Soc., 1911, 33, 1485; Bray, ibid., 1910, 
32, 932). On substituting these values in the above expression, 
the ionisation constants of chlorine and hypochlorous acid will be 
in the ratio 4*5 X 10 10 to 1; and one would expect that their 
chlorinating efficiencies would be in the same ratio. The cor¬ 
responding values for bromine and iodine and their hypohalous 
acids are 5 x IQ 5 and 30 respectively. Thus, whilst hypochlorous 
acid would have little chlorinating effect in comparison with free 
chlorine, we should expect the effects of iodine and hypoiodous 
acid to be of the same order of magnitude. 

In order to test this theory of halogenation by positive halogen 
ion, the chlorination of phenols has been studied, using hypochlorous 
acid and chlorine as chlorinating agents. The much greater stability 
of hypochlorous acid (as compared with hypobromous and hypo- 
> iodous acids) has allowed of a sharp differentiation between the 
of substitution of phenols by these two chlorinating 
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The mechanism of the interaction with hypochlorous acid was 
investigated by the isolation method. The reaction speed is approxi¬ 
mately proportional to the phenol and hypochlorous acid concen¬ 
trations, and is greatly affected by the alkalinity or acidity of the 
mixture. In acid and in dilute alkaline solutions (hydroxyl-ion 
concentration in the neighbourhood of 10" 7 ) the reaction speed 
increases in direct proportion to the hydroxyl-ion concentration 
until it becomes too rapid for. measurement. In more strongly 
alkaline solution (hydroxyl-ion concentration about 10“ 2 ), the speed 
decreases to measurable dimensions, and is now inversely propor¬ 
tional to the hydroxyl-ion concentration. 

These facts can be interpreted in two ways. Interaction may 
take place either between the phenol molecule and the hypochlorite 
ion or between hypochlorous acid and the phenoxide ion, the 
reaction speed being given by the alternative equations 

v = V[OCr][PhOH] ..... (1) 

t> = & 2 [HOCl][PhO'3.(2) 

On both hypotheses addition of alkali, by causing increased ionis¬ 
ation, would first increase and then decrease the speed as was 
observed. The alternative hypotheses cannot, however, be differ¬ 
entiated by studying the reaction between a simple phenol and 
hypochlorous acid, since it follows from the ionic equilibria of 
hypochlorous acid and a phenol that 

[OCl , ][PhOH]/[HOCl][PhO / ] = KJ/K" = constant, 

where KJ and are the respective ionisation constants. It is 
obvious that any test of the first explanation will be equally satis¬ 
factory when applied to the second explanation, if it is based on 
the constancy of k z or Jc 2 \ 

It is shown later from other evidence that the mechanism involves 
the phenoxide ion and hypochlorous acid. The constant k 2 , rather 
than k 2 \ is therefore calculated in the following preliminary proof 
of the correctness of the suggested mechanism of the reaction. 

The calculation of the velocity coefficient in the presence of 
excess of alkali involves the hydrolysis constant of sodium hypo¬ 
chlorite (Soper, J., 1924, 125, 2227}, since the hypochlorous acid 
and the phenol are present almost entirely as ions, sodium hypo¬ 
chlorite and phenoxide in the presence of N /10-hydroxyl-ion being 
hydrolysed only to the extent of 0*1 and 0*001% respectively. 

dx/dt « i 2 [HOCl][PhO / ] = Jc 2 K h '/[ OH']. [OCl'][PhO'] 

.= Jc 2 K h 'l[OW] . (6 — x)(a - x) 

& 2 -&V _ 1 , .Mfl — x) 

[OH'] ~ t(a — b) a{b - x) 


or 
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where K h ' represents the hydrolysis constant of the hypo¬ 
chlorite. 

The terms a — x and b — x in this equation represent the activities 
of the hypochlorite and phenoxide ions which are some fraction of 
the concentrations of sodium hypochlorite and phenoxide, respect¬ 
ively, dependent on the ionic strength (Lewis and Randall, <e Thermo¬ 
dynamics,” 1924) of the mixture. In the absence of data on the 
activities of these ions, we have taken them as equal to the con¬ 
centrations of their respective salts. The effective concentration 
of the hydroxyl ion was taken as the product of the concentration 
of free base and its appropriate activity coefficient. The results 
obtained at 25-0° with p-cresol and alkaline hypochlorite are in 
Table I, where time is shown in minutes. 


Table I. 


[HOC1] = 

10~ 8 ; [p-eresol] 

— 2 X 10- 8 ; 

[HOC1] = 

10~ 3 ; [p-cresol] 

= 2 X lO- 8 ; 

[NaOH]= 

0*019; yLOETj 

= 0*01424. 

[NaOH] = 

0*038; ytOH'] 

= 0*02904. 

Time. 

[OCY] X 10*. 

k 2 x 10- 5 . 

Time. 

[oerj X 10 4 . 

h 2 X lO" 5 . 

0 

8*28 

— 

0 

8*90 

_ 

4*03 

5*51 

8*59 

3*40 

7*44 

8*39 

6*78 

4*26 

8*75 

7*88 

5*95 

8*59 

9*67 

3*19 

9*26 

11*65 

4*93 

8*82 

13*08 

2*13 

10*3 

15*75 

4*03 

9*10 

17*15 

1*48 

10*5 

21*03 

3-07 

9*60 




27*23 

2*24 

10*1 


Another experiment, in which [HOC1] == 10“ 3 ; [p-eresol] = 10" 2 ; 
[NaOH] = 1<H; y[OH'] = 0*0712, gave values of k % x 10“ 5 which 
gradually decreased from 9*37 to 8*70, 

The velocity coefficient can also be calculated from measurements 
of the reaction speed in water. The ionisation constants of hypo- 
chlorous acid (Soper, be. cit.) and of p-eresol (Boyd, J., 1915, 107, 
1538) are 1*0 X 10“ 8 and 0*67 X 10“ 10 , respectively. The hydrogen- 
ion concentration will therefore be governed by the hypochlorous 
acid, and in M /1000-solution will be 3*1 X 10“ 6 , but will increase 
slightly in concentrated solutions of p-cresol. During the reaction, 
hypochlorous acid disappears, and it might be anticipated that the 
acidity of the mixture would diminish. Actually indicators show 
that at the conclusion of the reaction the acidity has slightly 
increased. This is probably due to a very slight reduction of the 
hypochlorous acid, for even traces of hydrochloric acid would 
materially affect the hydrogen-ion concentration. In the calcul¬ 
ations which follow, the hydrogen-ion concentration has been 
regarded as constant. 

aqueous solution both hypochlorous acid and #-eresol are 
Ig&mly un-ionised. The concentration of the pherioxide-ion will be 
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determined by the acidity of the solution and the ionisation constant 
of the cresol, thus 

[R-O'] = Z a ''[R-OH]/[H*]. 

The velocity is given by 

dxjdt = & 2 [R-0'][H0C1] = k 2 [ROa]*K^'OB.y[W] = 

W'(6 - x)(a - x)/[W ] 

or MV' __i 1 - Ma - x) 

[H‘] ~ t(a~ b)a{b - *)• 

Mixtures were used in which the hypochlorous acid was M /1000, 
and the ^-cresol concentration varied from 10“ 3 M to 4 x 10’ 2 M. 
Table II shows one experiment in detail, and Table HI summarises 
all the experiments. 


Table II. Table III. 


[R-OH] = 

i 

J 

w 

o 

a 

= 10- 3 . 






[HOC1] 


[R-OH] 


[H‘] 


Time. 

X 10 3 . 

[H*]. 

X 10 3 . 

k . 

X 10«. 

h x io- 6 . 

0 

0-821 

— 

1 

19-5 

3-17 

9-23 

3*60 

0-583 

9*81 

2 

13 

3-19 

6-19 

6-85 

0-449 

9*16 

5 

10 

3-22 

4-81 

7-97 

0*402 - 

9-39 

10 

9*3 

3-26 

4-53 

9*57 

0-362 

8-96 

20 

8-8 

3-37 

4*43 




40 

8-0 

3-55 

4-24 


The higher value for the velocity coefficient when equimolar 
quantities of hypochlorous acid and cresol interact is due to the 
chlorination of the chlorocresol formed. The average value for the 
velocity coefficient in aqueous solution when excess of the cresol is 
present may be taken as 5 X 10 5 , as compared with the value 
10 X 10 5 in alkaline solution. The lower value obtained in water 
is probably to be attributed partly to the fact that activities are 
not accurately represented by concentrations, partly to some uncer¬ 
tainty in the ionisation constants concerned, and partly to the 
effect of the presence of other substances on the degrees of ionisation. 

The addition of acids, with the exception of hydrochloric acid, 
decreased the observed speed. The effect of hydrochloric acid 
doubtless depends on the formation of chlorine, and is dealt with in 
Section 2. 

The comparison of velocity coefficients calculated from the 
observed speeds in aqueous and in strongly alkaline solution is a 
stringent test of the mechanism, as it involves concentrations of 
the reacting species which differ by several thousand times in the 
two cases. This test has been repeated for other phenols. The 
results are summarised in Table IV. 
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Table IV. 


[R-OH]. 

[HOC1]. [H-] X 10 s . 

[NaOH]. 

Yl OH']. 




Phenol {Ka," 

= 1-1 X 10- 10 ). 



3*24 ± 0*27 


10 s 

0*005 

0-0010 3-24 

— 

— 

X 

0*010 

0-0010 — 

0*10 

0*0712 

3*34 ± 0*07 

X 10 5 

0*010 

0-0010 — 

0*04 

0*0249 

3*21 ± 0*08 

X 

10 5 

o-Chlorophenol (K & " = 7*7 X 10“ 10 ). 


10*6 ± 0-7 


10* 

0*004 

0*0010 3*61 

— 

— 

X 

0*010 

0*0010 — 

0*10 

0*0712 

5*9 ±0*1 

X 

10* 

m-Cresol {K. 

" = 0*98 X 10- J0 ). 



3*50 ± 0*18 


10« 

0*002 

0*0010 3*19 

— 

—— 

X 

0*002 

0*0005 — 

0*50 

0*373 

4*38 db 0*03 

X 

10* 

o -Nitrophenol (KS = 7-5 X 10* 8 ). 



1*65 ±0*13 


10 3 

0*004 

0*0010 18*3 

— 

— 

X 

0*010 

0*0010 — 

0*015 

0*004 

1*01 ± 0*02 

X 

10 s 

; p-Nitrophmol (K & " — 9*6 X 10“ 8 ). 






0*010 

0*0010 31*0 

— 

— 

1*40 ± 0-10 X 

10 s 

0*010 

0*0010 — 

0*015 

0*004 

0*68 ± 0*03 

X 

10 8 


The agreement between the velocity coefficients calculated over 
such exceptionally wide ranges of concentration is satisfactory and 
shows that the mechanism proposed is of general character; more¬ 
over, it eliminates the possibility of concurrent interaction of the 
hypochlorite ion with the phenoxide ion. 

In order to differentiate between the two possible mechanisms 
of chlorination of a phenol by hypochlorous acid, the chlorination 
of salicylic acid has been studied. Here the alternative mechanisms 
become 

V «V[H0-C 6 H 4 -CO 2 H][OCr] . . , (3) 

v = ^rO-OeH^CGjjltHOa] . . . . . (4) 

In this case, unlike that of a simple phenol, the expression repre¬ 
senting h 2 fk 2 is not constant, but is inversely proportional to the 
hydroxyl-ion concentration. It is therefore possible, by examin¬ 
ation of the speed of reaction in media of different hydroxyl-ion 
concentrations, to differentiate between the two theories, for on 
one mechanism only will velocity coefficients be obtained which 
are independent of the alkalinity of the medium. 

The second ionisation constant of salicylic acid (Senter and Bulle, 
J., 1912,101,2532) is approximately 1 X 10“ 13 . In lV/10-hydroxyl 
ion the disodium salt is 50% hydrolysed, and in iV-hydroxyl ion 
9% hydrolysed. If the interaction involves the hypochlorite ion, 
then the speed, on change of the alkalinity from N /10 to N, will 
be decreased 55 times,* whilst if the phenoxide ion is involved the 

* The ratio of undissociated acid to monosodium, salt is decreased 10 times 
and the monosodimn salt concentration is decreased 5*5 times, giving a total 
decrease m the concentration of the undissociated acid of 55 times.. The 
hypochlorite-ion concentration remains unaltered. The calculation is approxi- 
the activxties are not known. 
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corresponding decrease will be certainly less than 10 times (due to 
a 10-fold decrease in the un-ionised hypochlorous acid) since the 
concentration of the phenoxide ion has been increased 1*8 times, 
giving a net decrease of 5*5 times. Actually the observed decrease 
is 2*7 times, which is in favour of the phenoxide-ion theory. 


Table V. 


[Salicylic acid] — 10” 2 ; [HOC1] = 10~ 3 ; v = d[OCl / ]/di (in mols./min.). 



[NTaOH] 

= 0*10. 

[NaOH] 

= 0*20. 

[ISTaOH] 

= 1*00. 

[OCl'] X 10 s . 

u 

v X 10 5 . 

t . 

v x 10 s 

' t. 

v x 10 5 . 

0*9 

2*00 

1*53 

2-00 

1*24 

7*75 

0*59 

0*8 

8*90 

1*39 

10*25 

1*18 

25*60 

0*51 

0*7 

16*75 

1*18 

19*00 

1*05 

46*00 

0*44 

0*6 

26*00 

1*06 

29*85 

0*90 

100*00 

0*37 


Further confirmation of the theory that the reaction involves 
the phenoxide ion is obtained from the behaviour in the initial 
stages of the reaction. The phenomenon is particularly clearly 
defined with ^p-nitrophenol, but is of general occurrence. If sodium 
hypochlorite is mixed with the phenol, the reaction proceeds 
smoothly without initial disturbance. If, however, sodium phen¬ 
oxide be mixed with hypochlorous acid, as much as 35% of the 
hypochlorous acid may disappear before a portion of the solution 
can be removed for titration. The reaction after the initial dis¬ 
turbance is normal. The initial fall of titre in the one case is 
obviously due to the high concentrations of hypochlorous acid and 
phenoxide ion. An example of this effect is given in Table VI. 

Table VI. 


HOC1 (10~ 8 ) added to p-nitrophenol 
(10-*) and NTaOH (1*5 X 10“*). 
Time. [OCl'l X 10 4 . 

0 10 
0*93 6*44 

4*97 6-29 

12*00 6*17 


p-Nitrophenol (10~ 2 ) added to HOC1 
(10-®) and NTaOH (1*5 x 10”*). 
Time, [OC1'] X 10*. 

0 10 
0*93 9*74 

4*63 9*60 

27*97 9*11 


2. Chlorination of Phenols and Phenolic Ethers by Chlorine . 

The presence of small traces of hydrochloric acid has a great 
effect on the speed of interaction of hypochlorous acid and a phenol. 
The speed is independent of the concentration and nature of the 
phenol, and is dependent on the hypochlorous acid concentration 
and the square of the hydrochloric acid concentration, thus : 

* X [H1C1'][H0C1] = ^[HCl] 2 [H0a] . . . (5) 

3 H 
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It is obvious that the speed measured is that of the formation 
of chlorine from hydrochloric and hypoehlorous acids,* the chlorine 
imm ediately reacting with the phenolic substance present. Using 
p-nitrophenol, a slower speed is observed, but on increasing its 
concentration the same limiting speed is obtained. Chlorine, there¬ 
fore, chlorinates a phenol more rapidly than does hypoehlorous acid. 
Some of the observed results obtained at 25*0° are in Table VII. 

Table VII. 

[HC1] = 2 X 10~V [HOCl] = 10- 3 . 

p-Nitro- 

Substance. p-Cresol. Phenol. Phenetole. Anisole. phenol. 

Cone, to give limit¬ 
ing speed . <2 X I0~ a <2 X 10-® 4 X 10“* lO" 2 10“ 2 

h X I0- 6 . 2*17 2-14 2*16 2*14 2*06 

The velocity coefficient is unimolecular, since the concentration 
of the hydrochloric acid is constant, each molecule of chlorine 
which reacts with the phenol giving one molecule of hydrochloric 
acid, which in turn forms chlorine. 

3. The Action of Hypoehlorous Acid on Phenolic Ethers . 

In dilute alkali, in which the existence of chlorine is excluded, 
no fall in titre of the mixture of ether and hypoehlorous acid is 
observed. In water, however, a slow reaction occurs, the rate of 
which is only slightly dependent on the concentration of the ether 
present, and is thus probably due to chlorine. It is concluded 
that there is no detectable interaction between hypoehlorous acid 
and the ether. By purification of the hypoehlorous acid, as described 
in the experimental section, it was found that only a 2% loss of 
titre in 4 hours was experienced in a mixture of aqueous anisic 
acid and hypoehlorous acid at 25°. This behaviour supports the 
theory that hypoehlorous acid reacts with the phenoxide ion. 
Anisole, phenetole, and anisic acid cannot form the phenoxide ion, 
and therefore do not react. 

The behaviour of chlorine is significant. It can chlorinate the 
ether as well as the phenol, so that the chlorination of phenolic 

* This velocity of formation of chlorine allows of the calculation of the 
speed of hydrolysis of chlorine, which is generally regarded as extremely 
rapids The hydrolysis constant [HOCl][H*][CT] /[Cl 2 ] is 4*84 X. 10-* (Jakow- 
kin, loc. cit.), and equals the ratio of the velocity coefficient of hydrolysis 
(&■) to that of formation of chlorine by the reversible reaction (Jc) 

Jc 

HC1 + HOC1 ^ Cl* + H 2 0. 

Jc' 

j|. ;.Thus- &jh = 4*84 X ■ 10"*,. whence ¥ = 1*06 x 1G 3 . The speed of hydro- 
g^s of ehlorfne is therefore relatively slow. # 
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substances does not necessarily involve the phenoxide ion. This 
does not exclude the possibility of reaction between chlorine and 
the phenoxide ion in a solution of a phenol. 

4. Reactivity and, Constitution . 

The velocity coefficients of chlorination by hypochlorite of a 
number of phenols have been measured at 25*0°, chiefly in alkaline 
solution because control of the hydroxyl-ion concentration is 
facilitated. The results are in Table VIII. 

Table VIII. 


h % . Ks!'. h 2 

Phenol ... 3-3 X 10 s M X lO” 1 ® 3-63 X 10 5 

o-Cresol . 1*25 X 10® 0*63 X lO” 1 ® 7*88 X 10~ 5 

m-Cresol . 4-4 X 10 6 0-98 X 10~ 10 42-00 X 10~ 5 

p-Cresol.... 9-0 X 10 5 0-67 X lO” 10 6-0 X lO" 6 

o-Chlorophenol. 5-9 X 10 4 7-7 X 10* 1 ® 4-55 X 10“® 

p-Chlorophenol . 4-90 X 10 4 4*1 X 10~ 10 2-0 X lO* 5 

3-Chloro-p-cresol..... 1-67 X 10 5 

o-Nitrophenol . 1-01 X I0 8 7-5 X 10” 8 7-58 X lO" 6 

ra-Nitrophenol . 5-89 X 10 s 1-0 X 10~ 8 5-89 X lO^ 5 

p-Nitrophenol. 6-84 X 10 a 9-6 x 10 r* 6-57 X lO" 5 

1:3: 4-Xylenol . 2-02 X 10® 


The velocity coefficients differ considerably from one another, 
but the products of the velocity coefficient and the ionisation 
constant of the phenols are grouped in a noteworthy manner about 
the value 7 X 10“ 5 . It appears that the reactivity of the phenoxide 
ion is proportional to its affinity for hydrogen io$. Those ions 
derived from phenols of high ionisation constant are least reactive. 
These results may be compared with those of Boyd and Thomas 
(J., 1919, 115, 1239), who found a similar relation between the 
rates of interaction of phenoxide ions with olefine oxides. 

5. Discussion . 

1. Since the speed of interaction of a phenol and hypoehlorous 
acid is proportional to the product of the concentrations of the 
un-ionised acid and the phenoxide ion, the halogenating agent cannot 
be the positive halogen ion, for its concentration is proportional to 
the hypohalous acid concentration divided by that of the hydroxyl 
ion, i.e., [GT] = K[HOCl]/[OH']. The idea must also be abandoned 
in the case of chlorine, as its speed of chlorinating acetanilide, for 
example (Orton and King, J,, 1911, 109, 1369), is independent of 
the excess of chlorine ions present. It appears that the molecules 
of chlorine or of hypoehlorous acid react as whole molecules, and 
that therefore an intermediate complex must exist as a transient 
stage of the reaction. 


3 h2 
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2. It is probable that the theory of the reactivity of the phenoxide 
ion which has been proved for the interaction of hypochlorous acid 
and phenols also applies to the similar reactions involving hypo- 
bromous and hypoiodous acids. The conclusion of Vortmann (Ber., 
1923, 56, 234) that the alkali hypoiodite is the effective iodinating 
agent is based on evidence which also supports the mechanism 
involving the phenoxide ion. We find that the speed of iodination 
is decreased in strong alkaline solution, which can be explained by 
the great decrease in the concentration of the un-ionised hypoiodous 
acid. 

3. Hypochlorous acid does not react with phenolic ethers, since 
they do not form the phenoxide ion, but chlorine interacts easily 
with both phenols and ethers. It is probable, however, that the 
interaction of chlorine with the phenol involves both the highly 
reactive phenoxide ion and the un-ionised phenol. Any alteration 
in the degree of ionisation of the phenol might be expected to alter 
the proportions of the isomeric products formed. Thus Arnall 
(J., 1924, 125, 811) found that the proportions of a-, m-, and 
p-nitrophenols formed on nitration varied with the concentration 
of nitric acid present. This observation is consistent with the 
present theory of the reactivity of the phenoxide ion, the concen¬ 
tration of which varies with the acidity of the medium. The 
slower speed of bromination by bromine water in strong acid 
solution attributed by Francis (loc. cit .) to a decrease in the con¬ 
centration of “ nascent ” bromine is also naturally explained on 
the present theory by the decrease in concentration of the phenoxide 
ion, the bromination of which is probably faster than that of the 
un-ionised molecule. 

, Experimental. 

Method of Titration .—The course of a reaction was followed by 
estimation of the iodine liberated by the hypochlorous acid from 
acidified potassium iodide. The titration of iodine in the presence 
of a phenol must be carried out in acid solution in order to prevent 
interaction of the iodine and phenol. The consequent presence of 
free hydriodio acid, which is easily oxidised, is a source of error in 
the titration. The difficulty was overcome by using oxygen-free 
solutions and carrying out the titration in an atmosphere of nitrogen 
(compare Soper, J., 1924,125, 1899). Perfectly'sharp end-points, 
with AT/500-thiosulphate, were obtained in this way, even in the 
presence of 3A7-sulphuric acid. 

v Preparation and Purification of HypocKLoroua Acid.—The hypo- 
y chlorous acid was prepared by passing chlorine into wafer con- 
l^w jjihing yellow mercuric oxide in suspension, or by distillation of a 
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bleaching powder solution through which carbon dioxide was passed. 
Both specimens of hypochlorous acid behaved in the same way 
after purification. Two methods of purification were used: {a) re¬ 
peated distillation of the hypochlorous acid from yellow mercuric 
oxide under reduced pressure; (b) simply shaking the hypochlorous 
acid with yellow mercuric oxide and after some time filtering off 
the oxychloride. The latter method was the one finally adopted, 
since the distillation method gave a hypochlorous acid which, on 
addition of sulphuric acid, formed traces of chlorine, the presence 
of which was manifested by the greater rate of reaction with 
phenol. 

Purity of Phenols .—Kahlbaum specimens were purified either by 
several crystallisations from suitable solvents or by distillation, 
preferably under reduced pressure. Two distillations were usually 
found sufficient to give a pure phenol, the reactivity of which was 
unaltered by further distillation. 

Water .—A high grade of conductivity water was used throughout. 
In such water a sample of hypochlorous acid showed no fall of 
titre in 60 hours. 

Summary. 

1. The interaction of phenols with hypochlorous acid in aqueous 
and in alkaline solution has been shown to involve the phenoxide 
ion and the un-ionised hypochlorous acid. 

2. The reactivity of the ion with hypochlorous acid is least when 
the phenol from which it is derived is most strongly acidic. The 
reactivity of the ions of the simple phenols is roughly proportional 
to their affinity for hydrogen ions. 

3. The chlorination of phenols and phenolic ethers by chlorine 
is a much faster reaction than the rate of formation of chlorine 
from a mixture of hydrochloric and hypochlorous acids, the velocity 
coefficient of which is 2*2 X 10 6 at 25°. The calculated velocity 
coefficient of the hydrolysis of chlorine at this temperature is 
1-06 X 10 s . 

4. The mechanism of halogenation of phenols is discussed. 

In conclusion, we wish to acknowledge the helpful criticism of 
Professor K. J. P. Orton, F.R.S. 

University College or North Wales, 

Bangor. [ Received, February 24£h, 1926.] 
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OCVII .—Compounds of Tervalent Molybdenum . Part 
IV. Bromides . 


By William Wardlaw and Arthur Jacob Immins Harding. 


By electrolytic reduction of molybdenum trioxide dissolved in 
hydrochloric acid, solutions of tervalent molybdenum are obtained 
which, on addition of alkali chlorides, yield complex salts of the 
types [MoCl 6 ]R 3 and [MoCl 5 ,H 2 0]E, 2 . Although the trichloride 
has not yet been isolated from such solutions, when the concen¬ 
tration of molybdenum is high, the oxychloride, MoOC 1,4H 2 0, can 
be obtained (J., 1924, 125, 2370). From the reduced bromide 
solutions, Rosenheim and Braun (Z. anorg. Ghem ., 1905, 46, 311) 
have prepared two complex salts [MoBr 6 ](C 5 H 6 N) 3 and 
[MoBr 5 ,H 2 0](NH 4 ) 2 . 

In all these cases, the co-ordination number is 6. Moreover, the 
different halogen complexes containing molybdenum in other 
stages of oxidation exhibit this co-ordination number, for in such 
compounds an oxygen atom occupies only one co-ordination 
position : e.g. y [Mo 0 2 C1 4 ]R 2 , [Mo0 2 Br 4 ](C 5 H 6 N) 3 , [MoOX 5 ]R 2 where 
X = C1, Br, orF. 

On the Bohr theory of atomic structure, molybdenum, like 
chromium, iron, cobalt, nickel, rhodium, osmium and platinum, 
which all form well-defined compounds of co-ordination number 6, 
is a member of one of the groups of elements the planetary electrons 
of which are undergoing reorganisation. It shows, therefore, 
variable valency and marked colour in its compounds. The 
maximum co-ordination number of molybdenum is not, however, 
6. A co-ordination number of 8 is seen in the complex salt 
R 4 Mo(CN) 8 . This is in accordance with Sidgwick’s rule that the 
maximum co-valency number or co-ordination number is that of 
the maximum sub-group next to the largest completed group in 
the atom. Molybdenum, atomic number 42, has its 3-quanta 
orbits completed and the numbers of electrons in the 4-quanta 
sub-groups are 2, 2, 4, 4, 6, 6, 8. So far, 6 represents the maximum 
co-ordination number for tervalent molybdenum and further 
evidence for this is afforded by the results of the present investig¬ 
ation, whereby, from a reduced solution of molybdenum trioxide 
in hydrobromic acid, a fawn-coloured oxybromide [MoOBr,4H 2 0] 
and red salts of the general formulae R 3 [MoBr 6 ] and R 2 [MoBr 5 ,H 2 0] 
have been isolated. 

. Experimental. 



Mo7tobromide.—The most satisfactory method for 
m of constant-boiling hydrobromic acid is that outlined 
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by Scott (J., 1900, 77, 648), in which, bromine is covered with water 
and reduced by sulphur dioxide and the resulting homogeneous 
liquid is distilled, the fraction boiling at 124—126° being collected 
and re-distilled. 

In preparing his electrolyte, Rosenheim (loc. cit.) dissolved the 
dihydrate of molybdenum trioxide in the hydrobromic acid. How¬ 
ever, the trioxide itself will dissolve in the hot acid. 25 G. of 
molybdenum trioxide and 350 c.c. of the hydrobromic acid were 
heated under reflux for 3 to 6 hours, the final solution being golden- 
brown in colour. The filtered solution was electrolysed in a 
diaphragm cell with smooth platinum electrodes (J., 1923, 123, 
169), a current of 3*5 amps, being used, until the cathode solution 
was reddish-brown. This solution was transferred to an air-free 
flask and concentrated at 70° under diminished pressure to 80— 
100 c.c. The liquid was then transferred to a small cell and re-elec¬ 
trolysed to ensure that the molybdenum was tervalent. The 
electrolysis was continued until a sample of the liquid added to 
air-free acetone gave a fiocculent fawn precipitate of molybdenyl 
bromide. (If the electrolysis is continued beyond this stage, the 
product is hydrolysed and much darker than the true compound.) 
The cathode solution was now forced by pressure of carbon dioxide 
into air-free acetone, and the solid which separated was filtered off 
and washed with acetone. All these operations were performed 
in an atmosphere of carbon dioxide, air being rigidly excluded. 
The solid was transferred to a desiccator which was then evacuated. 

Valency of the Compound. —This was determined as for the oxy¬ 
chloride (loc. cit.). Direct titration with standard permanganate 
required, for 1 g. of solid, 118-90 c.c. After oxidation and passage 
through the reductor a solution containing 1 g. of the substance 
required 118-40 c.c. The molybdenum is therefore tervalent, for 
the latter titration represents the oxidation of the tervalent molyb¬ 
denum, produced by reduction, to the sexavalent condition. 

Analysis. —The molybdenum was precipitated as sulphide and 
ignited to trioxide (J., 1924, 125, 1911). The bromide in the 
filtrate and washings was weighed as silver bromide (Round: 
Mo, 37-5,37*7; Br, 31-1,31*3; Mo: Br = 1:1; 1:1. MoOBr,3-5H 2 0 
requires Mo, 37*7; Br, 31*35%). In all probability the normal 
hydrate is MoOBr,4H20. 

Properties and Reactions of Molybdenyl Monobromide . 

The dried solid is light fawn in colour and does not deliquesce 
in the air, although it gradually undergoes atmospheric oxidation.. 
It is readily soluble in water or hydrobromic acid, its solubility in 
water being greater than that of the oxychloride. It is insoluble 
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in acetone or dry ether, slightly soluble in cold absolute alcohol and 
more soluble on warming. The substance has pronounced reducing 
properties. Silver nitrate is reduced to the metal, whilst with lead 
acetate acidified with acetic acid no precipitate of lead bromide is 
obtained. This test seems to indicate that molybdenyl bromide is 
not a binary electrolyte. 

Molecular Weight Determinations .—The molecular weight was 
determined by depression of the freezing point of air-free water. 

Gr. of MoOBr,4H a O per 10 g. of water ... 0*1235 0-064CT 0*0698 


Apparent 5> mol. wt.... 218*8 


218*2 


220*1 


If the salt has the formula [MoOBr,4H 2 0], the molecular weight 
is 263*9, whereas if it is formulated as [MoOJBr,413^0 in dilute 
aqueous solution, if ionisation is complete, its “ apparent ” mole¬ 
cular weight should be 131*9. The above results furnish strong 
evidence in favour of its formulation as the co-ordination compound 
[MoOBr,4H20], although they also indicate that the substance 
undergoes gradual hydrolysis in accordance with the equation 
[MoOBr,4H 2 0] + H 2 0 = [MoO^HgOjBr = [MoO,5H 2 0] # + Br'. 
This view receives support from the fact that the molecular weights 
determined with solutions of the solid, after standing some hours in 
ice-cold water, were considerably less than those quoted above ? 
whilst after longer periods the hydroxide of molybdenum gradually 
separated. 

Conductivity measurements at 1° showed this continuous hydros 
lysis, which was accelerated by the presence of the electrodes 
(compare Buff, J., 1923, 123, 572). For v = 24 litres per mole 


jime 


(mins.) ... 


66*8 

2 


68*2 


75*2 

4 


76-1 

5 


76*9 


77-6 

7 


77*8 

8 


78*2 

9 


78*2 

10 


3h more dilute solutions, the rate of hydrolysis was increased. 
The fact that the conductivity alters with time and that it approaches 
the value for a binary electrolyte like potassium chloride, for which 
the data at 1° are 

v (litres per mole) .... 8 16 32 

p ...... 72*2 75*2 77*3 

supports the formula [MoOBr,4H20] for the new compound. Many 
cases could be cited to show that ionisation of co-ordination com¬ 
pounds occurs with replacement of the co-ordinated halogen atom 
by a molecule of the solvent. 

Saits of the Types Bg[MoBr 6 ] and I^MoBr^HgO]. 

I, By the addition of alkali bromide to a reduced bromide solution 
tervalent molybdenum, two salts have so far been pre- 
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pared conforming to the above types. The isolation of the oxy- 
broimde from a reduced molybdenum solution shows that a further 
possibility of complex salt formation may arise, namely, salts of 
the type MoOBr,a;KBr. Although such a salt has not been isolated, 
the corresponding chlorine derivative [MoOC 1 2 ,3H 2 0]K has been 
obtained (unpublished research). The preparation of these three 
classes of salts depends on the following factors : (a) Molybdenum 
concentration, (6) relative amount of alkali bromide present, 
(c) amount of “free” acid. By suitable adjustment of these 
factors we have isolated K 3 MoBr 6 , K^MoBr^ Cs 2 MoBr 6 ,H 2 0, and 
an impure rubidium salt of the last type. 

Preparation of Tripotassium Molybdenum Hexabromide.—200 C.c. 
of the bromide solution containing tervalent molybdenum, to which 
was added a saturated aqueous solution of 10 g. of potassium 
bromide, were concentrated at 65—70° under diminished pressure 
to about 100 c.c. Air-free alcohol was then admitted to the flask, 
and the excess of potassium bromide precipitated. After filtration 
in an atmosphere of carbon dioxide, the filtrate was concentrated 
to 40 c.c. On addition of absolute alcohol a crystalline, light red 
solid was obtained which was filtered off and dried (Found: Mo, 
13-9; Br, 69*0; K, 16*9. K^MoBr 6 requires Mo, 13*9; Br, 69*2; 
K, 16*9%). A valency determination showed the molybdenum 
in this salt to be tervalent. 

Preparaticm of Dipotassium Molybdenum Pentabromide .—100 C.c. 
of the solution containing tervalent molybdenum and 20 c.c. of 
potassium bromide solution (containing 1*5 g.) were placed in an 
air-free flask and concentrated at 65—70° under diminished pressure 
until nearly dry. At this stage, air-free alcohol was admitted and 
a crystalline, brick-red salt separated which, after filtration and 
drying in an evacuated desiccator, was shown to contain tervalent 
molybdenum (Found; Mo, 16*7; Br, 69*5; K, 13*8. K^MoBr 6 
requires Mo, 16*7; Br, 69*6; K, 13*6%). 

This salt is obviously of the same type as the ammonium salt 
first obtained by Bosenheim and Braun {loc. tit.) and later by 
Foerster and Fricke (Z. angew . Chem ., 1921, 36, 2, 458). The 
former investigators formulated the dark garnet-red crystals as 
(NH 4 ) 2 MoBr 5 ,2H 2 0, whilst Foerster and Fricke considered them to 
be (NH 4 ) 2 [MoBr 5 ,H 2 0]. By double decomposition with caesium 
bromide a solution of the potassium salt yielded the very insoluble 
CSfcMoBrgjH^O (Found : Mo, 12*3; Mo; Br = 1: 5, Calc': Mo, 
12*3%)* 

A rubidium salt was prepared by a similar method to that 
used for the potassium derivative, but it could not be obtained 
pure. 

3h* 
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Properties of the Complex Salts. 

All these soluble complex salts give deep red solutions with 
water, in which both potassium salts are very soluble, the rubidium 
salt is sparingly soluble, and the caesium compound insoluble. 
The aqueous solutions gradually turn brown, then turbid, and 
finally yield a dark brown precipitate. This decomposition is 
accelerated by warming. The salts reduce copper sulphate solution 
to cuprous bromide, whilst silver nitrate solution is reduced to the 
metal. 

The authors desire to thank Messrs. Brunner Mond and Co. for 
a grant in aid of this investigation and Professor 6. T. Morgan, 
P.R.S., for his continuous interest. 

University of Birmingham, 

Edgbaston. [ Received, April 24 th t 1926.] 


CCVIII .—The Dehydration of Glycols derived from 
a-Naphthylglycollic Acid . 

By Apex. McKenzie and Walter Samuel Dennler. 

The present investigation arose from previous work on the 
deamination of 2-hydroxy-1: 2-diphenyl-2-a-naphthylethylamine (I) 
and on the dehydration of a-naphthylhydrobenzoin (it) (McKenzie 
and Richardson, J., 1923,123, 79; McKenzie and Roger, J., 1924, 
125, 844; McKenzie and Dennler, ibid., p. 2105; Tiffeneau and 
Or6khov, CompL rend., 1924, 178, 1619). It appeared likely that 
l-a-napMhyl-2 :2 -diphenylethylene glycol (III), which is isomeric with 
(II), would behave very differently when acted on by sulphuric 
acid. By arrangement with Professor Tiffeneau, it is now shown 
in the present paper that this is the case. 



The products resulting from the elimination of water from (II) 
have already been shown to depend on the experimental conditions. 
With cold concentrated sulphuric acid, both a-naphthyldeoxybenzoin 
' (IY) and diphenylacetonaphthone (V) were formed, whereas with 
^^ dilnte sulphuric acid the products were a-naphthyldeoxybenzoin 
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(IV), diphenyl-a-naphthylacetaldehyde (VI), and diphenyl-a-naph- 
thylethylene oxide (VII). 


C 10 H,-CHPh-COPh 

(IV.) 

C 10 H 7 -CO-CHPh 2 

(V.) 


Ph\ 

PAOCHO 


c 10 h 7 


/ 


(VI.) 


c | h >c—c<| h 

O 10 J:l 7 -a- 

(VII.) 


Whilst the formation of both (IV) and (V) from (33) may be 
interpreted on the basis of semipinaeolinie transposition, 


. O 10 H,Wh 



C “pi>5-P<I h 


i 1 





it should be noted that Danilov (J. Russ. Rhys. Chem. Soc., 1919, 
51, 97) has shown that triphenylacetaldehyde undergoes molecular 
rearrangement into phenyldeoxybenzoin even under the influence 
of hot dilute sulphuric acid, thus : CPh 3 -CHO —> CHPhg’COPh. 
Similarly, Orekhov and Tifleneau (Compt. rend., 1926,182, 67) have 
shown that substituted acetaldehydes undergo transformation into 
the same ketones as are formed by the direct dehydration of the 
corresponding glycols, e.g a mixture of ethyldeoxybenzoin and 
diphenylbutanone is obtained either from diphenylethylaeetaidehyde 
or from ethylhydrobenzoin: 




HO OH 


Ai 


^>CH-COPh + 


Ef 


|£>CH-COEt 


Et^C-CHO. 

Ph/ 


In the light of these results, it would appear quite probable that, 
in the formation of (IV) and (V) from (II), the intermediate product 
might be (VI}. The proportion of (IV) and (V) in the mixture 
resulting from the dehydration of (II) with cold concentrated 
sulphuric acid varies according to the experimental conditions, and 
it might not be easy to arrive at this proportion experimentally, 
more particularly since the ketones melt at practically the same 
temperature. The recent work of Luce (Compt* rend., 1925, 180, 
145), however, would indicate that the migrational aptitude of 
a-naphthyl is greater than that of phenyl, and one would argue 
that, in the mixture of ketones referred to, (IV) should preponderate. 

l-a-Naphthyl-2 :2-diphenylethylene glycol was prepared by the 
action of magnesium phenyl bromide on methyl a-naphthylglycollate. 
It gave the same ketone, namely, diphenylacetonaphthone (V), 

irrespective as to whether cold concentrated sulphuric acid or hot 

3 h* 2 
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dilute sulphuric acid was used as the dehydrating agent, and its 
behaviour is thus quite different from that of the isomeric glycol (II). 
The change, which is best depicted as a vinyl dehydration, involves 
no transposition of phenyl: 


|oh| oh 

Since phenyl has undoubtedly a stronger saturation capacity than 
a-naphthyl, the sum of the saturation capacities of the two phenyls 
will be greater than that of a-naphthyl plus hydrogen. The 
alternative explanation, _ 

Ph >( ? ? < o w h 7 -> Ph>9 9 < ^ 10 h 7 -> ( y -) 

|oi| CHI 0- 


which involves migration of hydrogen in preference to a-naphthyl, 
is regarded as unsatisfactory. 

The researches of both Meerwein and Tiffeneau have demon¬ 
strated that phenyl has a strong saturation capacity, and a 
comparison of the results obtained by dehydrating (II) and (III) 
will show that the saturation capacity of phenyl is greater than 
that of a-naphthyl. Obviously, the dehydration of (III) is not a 
semipinacohnic change; if it were, the product would be (IV) and 
not (V). Of the two hydroxyls, the tertiary is the more loosely bound, 
because the saturation capacity of the two phenyl groups more than 
balances the saturation capacity of a-naphthyl plus hydrogen. 

l-oi-NapMhyl-2 : 2-dimethylethylene glycol was prepared from 
methyl a-naphthylglycollate and magnesium methyl iodide. Its 
behaviour on dehydration is similar to that of (III): 

jfo>CH*CO*C 10 H 7 . 

This result was anticipated, since methyl has a strong saturation 
capacity. 

The behaviour of (HI) and (II) on dehydration has a parallel in 
two other cases which may be quoted. Thus, diphenylpropylene 
glycol gives diphenylacetone both with hot dilute and with cold 
concentrated sulphuric acid: 



Ph- 

Pfar 


Ah A: 


•Me 

H 


||>CH«GpMe. 


H 
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The isomeric methylhydrobenzoin, however, behaves differently : 

Ph\. p _p^Ph Ph\ /CHPh-CMePhv 

V V V H •—* Me^OCHO and 0< >0. 

OH OH ^ S0 ‘ Ph/ \CMePh-CHPh/ 


Me- 




^^CH-OOPh and Me-C0-CH<p{\ 

(For literature, see McKenzie and Roger, loc. cit.) 

Again, os-benzyldiphenylethylene glycol may be contrasted with 
the isomeric benzylhydrobenzoin: 

Ph^p_p/CH,Ph __^ Ph- 

Ph^V 'pH 

OH OH 


by diL or cone. H,S0 4 


pjpCH-CO-CH^Ph. 


Ph 


>0-C< 


Ph 


CH 2 Ph^Y Y^H 


Ph 


by cone. H t S< 


£ GH 2 Ph-CO-CH<pp 


i)H Ah 

(Or6khov, Bull, Soc. chim ., 1919, 25, 107). 

Here the same ketone is produced by two different mechanisms, 
migration of phenyl taking place in the one case and not in the other. 

The ketones formed from l-a-naphthyl-2:2-diphenylethylene 
glycol and l-a-naphthyl-2 : 2-dimethylethylene glycol, respectively, 
cannot exist in optically active modifications. To obtain such a 
ketone from a glycol derived from optically active a-naphthyl- 
glycollie acid, it would be necessary for semipinacolinic change to 
occur during the dehydration of the glycol instead of the vinyl 
dehydration as in the two other cases, and even then optical activity 
might not persist. Accordingly, since Tiffeneau and L4vy (Bull. 
Soc . chim,) 1923, 33, 759) have shown that benzyl has a greater 
migrational aptitude than methyl and also has a weaker saturation 
capacity, the examination of the dehydration of l-a-naphthyl- 
2:2-dibenzylethylene glycol (VIH), prepared by the action of 
magnesium benzyl chloride on methyl a-naphthylglycollate, was 
undertaken. The change is apparently semipinacolinic : 


CHJPWp p^C 10 H 7 

CH 2 Phppa 10 7 


CH 2 Ph" 


OH OH 


A 


CH 2 Ph-CO-CH<c^ 


JKf 

Experimental. 

Preparation of a-Naphtbylgly collie Acid .—(1) From a-naphthoic 
acid . Boessneck’s method (Ber. t 1883, 16, 639) was modified as 
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follows : a-Naphthoic acid (40 g.) —> acid chloride (37 g.), 
b. p. 170—172°/15 mm., —> a-naphthoyl cyanide (27 g.), m. p. 
100°, —> a-naphthoylformamide (24 g.), m. p. 151—153°, —> 
a-naphthoylformic acid (15 g.), m. p. 110—111°. The latter acid 
was reduced by aluminium turnings and an excess of caustic potash, 
the excess of aluminium removed, and the hydroxy-acid obtained 
by acidification by hydrochloric acid and extraction with ether. 
It crystallised from benzene in rectangular needles, m. p. 80—82°, 
and was then dried in a vacuum. Yield : 14 g.; m. p. 98*5—99*5° 
(Found: C, 71*2; H, 5*0. Calc.: C, 71*3; H, 5*0%). Boessneck 
does not quote the melting point of his acid, but Brandis (Ber., t 
1889, 22, 2148), who obtained the acid from a-naphthaldehyde by 
the cyanohydrin method, gives m. p. 80—81°. 

(2) From naphthalene. a-Naphthyl methyl ketone (14 g.), pre¬ 
pared from naphthalene by the Friedel and Crafts reaction (Caille, 
Compt. rend., 1911, 153, 393), was brominated (Schweitzer, Ber., 
1891, 24, 549). Caustic potash (25 g. in 250 c.c. of water) was 
added to the dibromide and, after a fortnight, the acid obtained by 
acidification and extraction with ether was crystallised from 
benzene (yield of dry acid, 5 g.; m. p. 98—99°. Schweitzer gives 
m. p. 91—93°). 

(3) From chloral (compare Hubert, Bull. Soc. chim., 1920, 27, 45). 
The Orignard reagent prepared from 150 g. of a-bromonaphthalene 
(1 mol.) was cooled to —12°, and an ethereal solution of 98 g. of 
anhydrous chloral (1 mol.) gradually added (90 min.). The action 
was very vigorous, the ether assumed a blood-red tint, and a solid 
separated. The mixture remained at 0° over-night, and was then 
decomposed by ice and dilute acetic acid. The oil resulting from 
the ethereal solution was mixed with an excess of sodium carbonate, 
and, after hydrolysis of the triehloro-alcohol and removal of the 
naphthalene by steam, the aqueous solution was acidified by 
concentrated hydrochloric acid, and the hydroxy-acid extracted 
with ether (yield: 70 g.). The acid after crystallisation from 
benzene and drying in a vacuum melted at 98—99°. Its silver 
salt gave Ag, 35*0 (Calc.: Ag, 35*0%). 

Of those three methods, the third was in our experience the most 
practicable. 

a-Naphthylglycollic acid gives a blue coloration when a trace is 
added to cold concentrated sulphuric acid. Its methyl ester is 
sparingly soluble in light petroleum, from which it separates in 
needles, m. p. 79°, as given by Schweitzer ( loc.cit .) (Found : C, 72*2; 
H, 5*6. Calc.: C, 72*2; H, 5*6%). When heated under pressure 
|i|,400° with aqueous ammonia [d 0*88), the ester was converted into 
l|fC 10 H 7 *CH(OH)*CO*NH^, which crystallises 
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from acetone-light petroleum in rhombic plates, m. p. 134—135° 
(Found: C, 71-8; H, 5-7. C 12 H n 0 2 N requires C, 71-7; H, 6-5%). 
An attempt to prepare the ketol, C 10 H 7 -CH(OH)-CO-C 6 H 5 , by the 
action of an excess of magnesium phenyl bromide on the acid amide 
led to the regeneration of the latter. 

Action of Orignard Reagents on Methyl <x-Naphihylglycollate. 

Action of Magnesium Phenyl Bromide .—An ethereal solution of 
5 g. of the ester (1 mol.) was added during 45 minutes to the Grignard 
reagent prepared from 16 g. of bromobenzene (4J mols.). A solid 
separated during the heating (9 hours). The product was decom¬ 
posed with ice and ammonium chloride and, after the usual manipula¬ 
tion, diphenyl was removed by light petroleum. The 1-ct-napMhyl- 
2 : 2 -diphenylethylene glycol (III) obtained crystallised from light 
petroleum (b. p. 60—100°), in which it was sparingly soluble, in 
rectangular needles, m. p. 126—127° (yield 6*1 g.). It gives a 
bright green coloration with concentrated sulphuric acid. For 
analysis, it was dried in a vacuum at 80° (Found : C, 84*6; H, 6*0. 
G^HgqOa requires C, 84*7; H, 5*9%). 

Action of Magnesium Methyl Iodide .—The conditions were similar 
to the preceding (15 g. of the ester [1 mol.]; Grignard reagent 
prepared from 60 g. of methyl iodide [6 mols.]; decomposition with 
ice, ammonium chloride and ammonia). The crude product was 
crystallised twice from light petroleum, 1-a -naphthyl-2 : 2-dimeihyl- 
ethylene glycol , C 10 H 7 *CH(OH)*CMe 2 *OH, being obtained (11 g.) in 
clumps of rectangular prisms, m. p. 81*5—82° (Found: C, 78*0; 
H, 7*5. C 14 H 16 0 2 requires C, 77*8; H, 7*5%). It gives a reddish- 
brown coloration with concentrated sulphuric acid. 

Action of Magnesium Benzyl Chloride. —An ethereal solution of 
14 g. of the ester (1 mol.) was added during 90 minutes to the 
Grignard reagent prepared from 40 g. of benzyl chloride (4J mols.). 
A solid separated during the heating (10 hours). The product was 
decomposed with ice and dilute sulphuric acid, and dibenzyl 
removed by light petroleum. The l-x-naphthyl-2:2-dibenzyl- 
ethylene glycol (VIII) obtained crystallised from rectified spirit in 
rectangular plates (17 g.), m. p. 174—175° (Found: C, 84*8; 
H, 6*7. requires C, 84*8; H, 6*6%). It gives a purple 

coloration with concentrated sulphuric acid. 

Dehydration of Glycols derived from Methyl a-Naphthylglycollaie. 

Dehydration of the Diphenyl Glycol. —(a) With concentrated sul¬ 
phuric acid. 2 G. of finely-powdered l-oc-naphthyl-2 : 2-diphenyl- 
ethylene glycol were triturated in instalments with 30 c.c. of con¬ 
centrated sulphuric acid during 2 hours. The bright green color- 
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ation which appeared at first changed gradually to a greenish- 
brown. The mixture was added to 100 g. of ice, and the ethereal 
extract dried with sodium sulphate. The resulting oil gradually 
solidified, and the solid crystallised from rectified spirit in glistening 
rhombic plates, m. p. 108—109°. The compound (0-9 g.) was 
identified as diphenylacetonaphthone by its colour reaction with 
concentrated sulphuric acid, and by the non-depression of melting 
point when mixed with a specimen of the ketone prepared by the 
dehydration of a-naphthylhydrobenzoin with concentrated sulphuric 
acid (McKenzie and Roger, be. tit.). 

(b) With dilute sulphuric acid . A mixture of the glycol (2 g.), 
water (16 c.c.), and concentrated sulphuric acid (20 g.) was boiled 
for 2 hours under reflux. The mixture was cooled, diluted with 
water, and the oil extracted with ether. The product was crystal¬ 
lised from ethyl alcohol, and diphenylacetonaphthone (1*5 g.), 
identified as above, was isolated. 

Dehydration of the Dimethyl Glycol .—(a) With concentrated sulphuric 
acid . 7 G. of l-a-naphthyl-2:2-dimethylethylene glycol were 
dehydrated with 100 c.c. of concentrated sulphuric acid. 2 G. of 
a golden-yellow oil, b. p. 295—298°, were collected. 

(b) With dilute sulphuric acid. 10 G. of the glycol were boiled 
for 2| hours with a mixture of 100 g. of concentrated sulphuric 
acid and 100 c.c. of water. The resulting oil was fractionated, and 
the portion boiling at 304—306°/758 mm. was collected. It did 
not reduce Fehling’s solution, nor did it restore the colour to Schiffs 
reagent. Yield 6 g. (Found : C, 85-3; H, 7*0. Gale, for C 14 H 14 0 : 
C, 84-8; H, 7-1%). This was isopropyl a-naphthyl ketone, which 
according to Rousset (Bull. Soc. chim., 1896, 15, 66) has b. p. 
308—310°. The scission of the oil with alcoholic potash gave a 
solution of potassium salt from which a-naphthoic acid was isolated, 
and the oil from the dehydration with concentrated sulphuric acid 
underwent a similar decomposition. 

Dehydration of ike Dibenzyl Glycol. —(a) With concentrated sulphuric 
add. 10 G. of l-a-naphthyl-2:2-dibenzylethylene glycol were 
gradually added (1 hour) with constant trituration to 220 g. of 
concentrated sulphuric acid. A purple coloration was noted. 
After being kept for 2 hours at the ordinary temperature, the 
mixture was poured into 500 g. of ice; the purple coloration then 
disappeared and the temperature fell quickly to —2°. When the 
ice had melted* the oil was extracted with ether, the ether expelled, 
and the residue {7 g.) distilled under diminished pressure. The 
gmgmnd, was a golden-yellow oil, b. p. 275°/15 mm. 

it was dried in a vacuum (Found: C, 89-3; H, 6*3. 
requires 0,89*2; H, 6-2%). It solidified after several days, 
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and was then crystallised from rectified spirit, from which it 
separated in rhombic plates, m. p. 58—59°. With concentrated 
sulphuric acid, it gave a light brown coloration which disappeared 
quickly. 

(b) With dilute sulphuric acid . A mixture of the glycol (15 g.), 
water (125 c.c.), and concentrated sulphuric acid (120 g.) was boiled 
for about 2| hours under reflux, and the oil extracted with ether. 
The product was an oil (13*5 g.), b. p. 276°/15 rum., which gradually 
solidified; m. p, 58—59°. 

The substance is probably benzyl-a-naphthylmethyl benzyl 
ketone, CH 2 Ph*CO'CH(C 10 H 7 ) # CH 2 Ph, but the evidence for its 
constitution is not quite convincing. It formed no o xim e with 
hydroxylamine, and it is very stable towards alcoholic soda; thus, 
when 2*5 g. were heated at 100—140° for 24 hours with a solution 
of 6 g. of caustic soda in ethyl alcohol, the' original substance was 
recovered. It gave, however, benzoic acid when it was oxidised 
in glacial acetic acid solution with chromic anhydride. The first 
product of the oxidation was presumably phenylaeetic acid; it was 
found that the latter does give benzoic acid when oxidised under 
similar conditions to those adopted for the compound. 

The thanks of the authors are due to the Department of Scientific 
and Industrial Research for a maintenance grant awarded to one 
of them (W. S. D.). 

University Coldege, Dundee. 

University of St. Andrews. [Received, February 20 th 7 1926.] 


GGXX-.—The Complexity of the Solid State. Part IV. 
The Behaviour of Pure Sulphur Trioxide. Part III . 

By Andreas Smits and Pieter Schoenmaker. 

Investigations with X-Rays. 

As shown in our last publication (this vol., p. 1120), it is possible 
by partial distillation to obtain the intensively dried, high-melting, 
asbestos-like form in a condition having an abnormally low vapour 
pressure and an initial melting point which is 33° higher than the 
unary melting point. It appears, indeed, that this form of sulphur 
trioxide behaves as a mixed crystal; the most volatile pseudo- 
cpmponent can be distilled off, so that the residue is a substance 
having the above abnormal properties.* 

* Only the states of aggregation of a single substance in inner equilibrium 
will be called ** modifications ”; the states not in inner equilibrium will be 
termed ** forms 55 of the substance. 
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For the X-ray investigation of the different states of the high- 
melting, asbestos-like form we used the simple apparatus of high- 
melting Jena glass shown in Fig. 1. The bulb, A, is sealed to B 
along with a vessel, C, and three very thin-walled capillary tubes, 
D, E, and F (diameter 0*008 to 0*01 mm.). Bulb A is partly filled 
with freshly-distilled phosphorus pentoxide and then with intensively 
dried sulphur trioxide, as described in our first communication (J., 
1924, 125, 2557). The apparatus is then evacuated and the tube 


Fig. 1. 



A 


B is sealed off at G. 

The capillary tubes were filled 
one after another with the 
high-melting, asbestos-like form 
by the method of condensation 
and evaporation. In order to 
obtain a form with an abnorm¬ 
ally low vapour pressure, a part 
of the contents was distilled off 
rapidly and the capillaries were 
subsequently sealed off. 

The Bontgenogram was then 


taken, using CuX a -rays. We obtained a film of 15 lines, the 


strongest of which are given in the following table: 


Distances (mm.)... 8-9 11-6 13*2 16*4 

10 s X sin 2 6/2 .. 32 54 70 106 


(0 is the angle between the incident and refracted beams; the 
intensities of the lines mentioned here were very strong.) 

The same capillary was now heated at 50° for 48 hours and, since 
our experiments had shown that under these conditions the low 
vapour pressure of the high-melting, asbestos-like form (which 
had been disturbed by evaporation) increased strongly, it was 
expected that the Bontgenogram taken after this heating process 
would show a great difference. It was, however, unchanged. Hence, 
either the X-ray method was unable to detect the change which had 
taken place in the solid, or the X-rays had already effected the establish¬ 
ment of the inner equilibrium during the first exposure, so that the 
state of the solid before and after the heeding was in reality the same . 


X-Eays effect the Establishment of the Inner Equilibrium . 


To decide between the alternatives mentioned above, the follow¬ 
ing apparatus (Fig. 2) was constructed. As in other cases, pure 
phosphorus pentoxide was first distilled into vessel A, and then 


^dried sulphur trioxide. A T-pieee with septum S was 

'asoeedixi^tjr small glass spring indicator, 
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G, the little vessel of which was provided with a very thin-walled 
capillary, C, as used in X-ray analysis. The storage apparatus 
containing the sulphur trioxide was first evacuated and sealed l 
then the glass spring indicator with its capillary and the T-piece 
with its breaker were heated to redness in a current of dried air, 
the breaker-tube was sealed off at D, and this part of the apparatus 
was evacuated by stopcock K 

Capillaiy IT being sealed off, a part of the sulphur trioxide was 
distilled into B and this vessel also was sealed off. Sept um S was 
then broken and the capillary G filled with the high-melting, asbestos¬ 
like form, by the method of alternate condensation and evaporation. 

Fig. 2. 



In order to get a highly-disturbed state of this form, a portion 
was distilled off in the way described above, and then the capillary 
M was sealed off. The vapour pressure at the ordinary temper¬ 
ature was only 1 cm. Hg, proving that we had indeed a strongly- 
disturbed state of the high-melting, asbestos-like form. 

We now placed the apparatus in front of our X-ray tube, pro¬ 
tecting it by asbestos plates from access of heat. The X-rays were 
allowed to penetrate only the capillary containing the sulphur 
trioxide. As soon as this capillary was exposed to the X-rays the 
pressure in the indicator began to rise, showing that X-rays rapidly 
effect a transformation in the direction of inner equilibrium. In 
order to determine the final pressure, observations were continued 
over a period with the following results : 

Time of exposure (hrs.) . 0 1 4 8 10 13 

Vapour pressure (mm. Hg) ... 10*8 22*2 43*1 . 46*1 46*3 46*3 

Temperature. 18*0° 18*0° 18*0° 18*8° 19*7* 19*7° 
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Consequently the final vapour pressure is 46*3 mm. Hg at 19*7°. 
As shown previously (this vol., p. 1116), the vapour-pressure line for 
the high-melting, asbestos-like form in inner equilibrium is given 
by the equation TlnP = — QjB + OT, where C = 32-0. Now, 
giving QjB the mean, i.e 8243 cals., of the three values obtained 
(8246, 8236 and 8246 cals.), we find, for T = 292*7° (i.e., 19*7° C.), 
P = 46*45 mm. Hg. 

The agreement of this figure with the final value shown in the 
foregoing table proves that X-rays do indeed effect the establish¬ 
ment of inner equilibrium. It appears, therefore, that the X-ray 
diagrams showed no difference because, on exposure to X-rays, 
the substance was transformed into the state of inner equilibrium. 
This very interesting result shows that it is impossible to study 
the disturbed states of sulphur trioxide more closely by means of 
X-rays. 

X-Bays bring about the Transformation of the Metastable 
into the Stable Modification . 

Finally we investigated the X-ray diagrams of the two metastable 
modifications of sulphur trioxide—the ice-like form and the low- 
melting, asbestos-like form. Not only were the films obtained 
identical, but the X-ray diagram in each case was that of the 
high-melting, asbestos-like form considered above. 

Hence X-rays, besides effecting the establishment of the inner 
equihbiium of sulphur trioxide, transform the metastable states 
into the stable state, i.e., the high-melting, asbestos-like modification/ 
The only X-ray diagram obtainable is accordingly that of the stable 
modification in inner equilibrium. 


Summary. 

On distillation of a portion of the intensively dried, high-melting, 
asbestos-like form, different states having abnormally low vapour 
pressures and abnormally high initial melting points were obtained, 
thus showing that the intensively dried, high-melting, asbestos- 
like form behaves as a mixture of pseudo-components which have 
very different vapour pressures and melting points. 

At the ordinary temperature these states do not alter, but at 
50 changes take place in the direction of the inner equilibrium. 
(In studying the unchanged state and that changed at 50°, by 
^ ^eans of X-rays, a very interesting result was obtained: the 
Bontgenograms in these two cases were identical, 
h m apparatus which enabled us to determine the vapour 

durir^ the exposure to X-rays, we found the explanation 
phenomenon mentioned above to lie in the fact 
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that the X-rays effect a very rapid increase of the vapour pressure, 
proving that X-rays cause a rapid change in the direction of the 
inner equilibrium. Calculation showed that the final vapour 
pressure was exactly that of the high-melting, asbestos-like form 
in inner equilibrium. 

X-Rays bring about not only the establishment of the inner 
equilibrium, but also the transformation of the metastable modi¬ 
fications into the stable form. The fil ms obtained by exposing the 
ice-like form and the low-melting, asbestos-like form to X-rays 
are thus identical with the film of the high-melting, asbestos-like 
modification. 

The University, Amsterdam. [Received, March 8 ih, 1926.] 


OCX .—The Photolysis of Acetaldehyde and of Acetone . 

By Edmund John Bowen and Habold Gamut Watts. 

It was shown by Berthelot and Gaudechon {Gompt. rend., 1913, 
156, 68, 233) that acetaldehyde is partly polymerised in ultra¬ 
violet light and partly decomposed into methane and carbon 
monoxide; also {ibid., 1910, 151, 478) that acetone is decomposed 
into ethane and carbon monoxide. In aqueous solutions acetone 
is said to be photolysed to methane and acetic acid. 

The following experiments were made to compare the number 
of molecules chemically changed with the number of molecules 
activated, i.e ., with the number of quanta absorbed. No work of 
this kind on gaseous aldehydes and ketones seems to have been 
done, although Volmar {Compt. rend., 1924, 178, 697), apparently 
without experimental evidence, assumed that these reactions 
obeyed the Einstein-Stark law. 

Experiments with Acetaldehyde Vapour. 

The apparatus is shown diagrammatically in the figure. A 
mercury vapour lamp made by the Thermal Syndicate was con¬ 
tained in a box fitted with quartz condensing lenses so that approxi¬ 
mately parallel light fell on the fused quartz reaction bulb A, which 
was filled with acetaldehyde vapour by lowering the mercury 
reservoir B, evacuating with two mercury vapour pumps in series, 
and then connecting with the liquid aldehyde in D through the 
tap. The reservoir B was then raised so that mercury rose in the 
limbs of the U-tube 0, and the tap on the right hand limb opened, 
to the atmosphere. The amount of photochemical change was 
measured by pressure changes in the left hand limb, which was 
heated electrically to prevent condensation of liquid. 
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For the measurement of the energy of the ultra-violet light, use 
was made of the “ ultra-violet radiometer 55 of* Anderson and 
Robinson (J. Amer . Chern . Soc., 1925, 47, 718) which is based upon 
the decomposition of oxalic acid in uranyl sulphate solutions. 
There is a serious discrepancy in the results of different investigators 
of this reaction. Anderson and Robinson state that in ultra¬ 
violet light 1 molecule of oxalic acid is decomposed for every 25 
quanta absorbed; Boll (GompL rend., 1913, 156, 1891) states 
that 50 molecules of oxalic acid are decomposed for each quantum 
absorbed; whilst Buchi [Z. physikal. Chem., 1924, 111, 269) finds 
that the reaction obeys the Einstein-Stark law. We therefore 

made direct measurements 
of the photochemical effici¬ 
ency of this reaction. 

The mercury vapour 
lamp with quartz condens¬ 
ing lenses was set up with 
a 5 cm. water-filter, and the 
light passed through a stop 
on to a cell with fused-on 
ends of plane - polished 
quartz containing the 
uranyl sulphate (O-Olif) 
and oxalic acid (0-1W) solu¬ 
tions. The oxalic acid de¬ 
composed was estimated 
with N /20-potassium per¬ 
manganate solution, and 
the total energy of the light measured with a Moll thermopile 
calibrated against a Hefner lamp (Gerlach, Physihal. Z ., 1913, 14, 
577). The amount of light absorbed was obtained from the differ¬ 
ence in readings of the galvanometer connected to the thermopile 
when the quartz cell contained water or the solution. The results 
were as follows; 


Fig. 1. 



Galvanometer readings (1 division = 1-4 X 1G" 4 cal./sec.): 
Total energy of lamp falling on cell = 50 divisions. 
Quartz cell filled with water = 30*5 „ 

» » » „ solution ==17-5 „ 


Thus, cal. absorbed by solution per sec. = 2*8 X 10" 3 . 

Taking the Hg line 3130 A. as the mean wave-length absorbed, 
yl gram-molecular quantum = 85,000 cal.; therefore the number 
i-molecular quanta absorbed per sec. = 3*3 X 10" 8 . In 
|experanenfcs, each of 1 hour’s exposure, the amount of oxalic 
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acid decomposed per second was 3-0, 3*35, and 3*5 x 10“ 8 g.-mol., 
respectively. From these results it appears that it may safely be 
assumed, in agreement with Biichi, that for each quantum of ultra¬ 
violet light absorbed one molecule of oxalic acid is decomposed. 

The absorption of the aldehyde vapour was then measured by 
the difference in the photochemical change taking place in the 
uranyl sulphate-oxalic acid solution in the plane-walled quartz 
vessel E when the bulb A was empty and when it was filled with 
aldehyde vapour; also, by placing the vessel E in the place of A, 
the total amount of ultra-violet light could be measured. 

Acetaldehyde undergoes two photochemical changes : 

(1) Photolysis, CH s ‘CHO = CH 4 + GO. 

(2) Polymerisation, 3CH 3 *CHO — paraldehyde + metaldehyde, 
etc. 

The first series of measurements was made with a little liquid 
aldehyde in the bulb, i.e. y with saturated vapour, only the vapour 
being exposed to the light. If x molecules are changed according 
to reaction (1), the pressure change will be proportional to 2x, 
the second reaction giving condensation products which do not 
affect the pressure appreciably. The results were : 

Volume of reaction vessel = 125 c.c. 

Pressure increases in cm. Hg after 1 _ f0*59, 0*665, 0*55, 0*685. 
hour’s exposure. ~~ \ Mean = 0*62. 

Thus, 2x = 125 x 0*62/3600 X 76 X 23400 = 1*2 X 10“ 8 g.-mol./ 
sec. or x = 0*6 x 10“ 8 g.-mol./sec. 

A second series of experiments was made with unsaturated 
vapour; a diminution in pressure then took place showing that 
more molecules are polymerised than photolysed. If y is the 
number of molecules activated for the reaction 

CHg-CHO (activated) + 2CH 3 *CHO = condensation products, 

the diminution in pressure is proportional to (3 y — x). The results 
were: 

Pressure decreases in cm. Hg. after _ /3*5,3*9,3*3,3*8, 2*8,2*4. 
1 hour’s exposure. \ Mean 3*5. 

Thus, 3 y-x = 125 X 3*5/3600 x 76 X 23400 = 6*85 X 10" 8 

g.-mol./sec., whence y =* 2*48 X 10" 8 g.-mol./sec. 

Total number of g.-mols, activated per second for photolysis and 
polymerisation = % -f- y = 3*08 X 10~ 8 , 

Number of gram-molecular quanta absorbed per second by alde¬ 
hyde vapour (obtained from oxalic acid-uranyl sulphate solution 
titrations) = 1*42 X 10" 8 . 
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Allowing for the inaccuracy of the measurements and the com¬ 
plexity of the decomposition products of acetaldehyde, the results 
indicate that two molecules are chemically activated for each 
quantum absorbed. 


Experiments with Acetone Vapour , 

The same apparatus was used except that an air-bath was placed 
round the reaction bulb to keep the acetone as an unsaturated 
vapour at about 750 mm. and 60°. The amount of light absorbed 
was taken to be equal to that measured in the experiments on 
aqueous solutions of acetone described below, as, the concentrations 
of acetone being equal, it has been shown that the extinction 
coefficients of gaseous and of dissolved acetone are not very different 
(Porter and Iddings, J. Amer. Gkem. Soc 1926, 48, 40). The 
results were: 


Vol. of bulb Exposure Press, change No. of g.-mols. acetone 
(e.c.). (mins.). (cm. ifg). decomp, per see. 

125 245 2*42 1*34 x I0" s 

80 160 3*63 \1*81 X 10H* 

80 135 3*35 f (mean) 


Number of gram-molecular quanta absorbed per sec. = 10 X 10” 8 . 


Other experiments were made at room temperature in an 
apparatus consisting of two bulbs filled with acetone vapour con¬ 
nected by a U-tube containing liquid acetone. The apparatus was 
immersed in a thermostat before and after exposing one bulb (of 
quartz) to the lamp, and the photochemical change determined 
by the change in level of the liquid in the U-tube. The energy in 
the light absorbed was directly measured with the oxalic acid- 
uranyl sulphate solution. The results were : 

Exposure = 1 hour. Volume of bulb = 125 c.c. 

Pressure change (cm. Hg) = 0*212, 0*176, 0*141, 0*159, 0*247. 

Taking the average as 0*187 cm, Hg, the number of g.-mol. of 
acetone decomposed per second is 2 x 10" 9 . The mean of several 
oxalic acid titrations gave the number of gram-molecular quanta 
per second = 4*85 x 10“ 9 . The number of molecules chemically 
changed is very close to the number of quanta absorbed. 

The accuracy of these low-pressure measurements was not so 
great as that of the high-pressure ones, so that it is not certain 
whether the diminution in quantum sensitivity is real or due to 
experimental errors. 

A further series of experiments was made with hot acetone 


< vapour, oxalic acid-uranyl sulphate solutions being used to measure 

an. ' : v'. ; : \ V« ■ > - '/ ■ 

Wwemt Volume of bulb «= 125 c.c* Exposure = 6Q 
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minutes. Pressure change (cm. Hg.) = 0*60,0*82,0*816, 0'77,0*71, 
0*80,0*60,0*90. 

Taking the mean as 0*75, the number of g.-mol. of acetone 
decomposed per second = 1*5 X 10" 8 . 

The mean of several oxalic acid titrations gave the number of 
gram-molecular quanta absorbed per second = 0*867 X 10** 8 . 

It seems that about two molecules of acetone are decomposed 
for each quantum absorbed. 

Experiments with Aqueous Solutions of Acetone . 

It is stated by Henri (Compt. rend., 1913, 156, 1012) that about 
1300 molecules of acetone are hydrolysed for each quantum of ultra¬ 
violet light absorbed. He appears to have used an open quartz 
cell to contain the solution, and must have lost acetone by evapor¬ 
ation. In our experiments, solutions of acetone were exposed in 
a closed plane-walled quartz cell to an approximately parallel 
beam of ultra-violet light, and the number of quanta absorbed 
measured with the oxalic acid-uranyl sulphate solution. When 
the acetone solution was titrated iodimetrically, the photochemical 
change was too small to be measurable, although if the reaction 
followed the Einstein-Stark law it should have been recognisable. 
The acetic acid formed was therefore estimated with very dilute 
baryta solution, and the following mean results were obtained : 

Cone, of acetone G.-mols. acetic acid G.-molecular quanta 
solution %. formed per sec. absorbed per sec. 

0-3 5-7 x lO" 10 1-0 X lcr 8 

15 2-88 x 10-' 1-9 X 10- 8 

Here the number of g.-mols. of acetic acid formed is less than 
one-fifth of the number of quanta absorbed. It is possible that 
formation of other products occurs, but these could not be discovered 
or estimated, and the results must be taken to be in serious disagree¬ 
ment with those of Henri. 

These measurements emphasise the need for reinvestigation of 
older results on the ratio of the number of molecules reacting to 
the number of quanta absorbed in photochemical reactions. Cor¬ 
recting the tables of such reactions examined from this point of 
view which were presented to the Faraday Society in October, 
1925 (Allmand, Dhar, and Mukerji), we now find that in 65% of 
the cases the number of molecules reacting is, within a factor of 
about 3, equal to the number of molecules physically activated, 
indicating fairly simple mechanisms in all these examples. In 
20% of the cases, chiefly those involving halogen molecules, the 
number.of molecules changed is many times the number of quanta 
absorbed, indicating “ chain ” mechanisms. It is characteristic 
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of this class of reaction that “ inhibitors ” produce their large 
effect by interfering with the “ chains.’" In 15% of the cases, 
the number of molecules reacting is much less than the number 
of quanta absorbed, and in some of these cases, again involving 
the halogens, we find long lives of activated molecules (Briers, 
Chapman, and Walters, this vol., p. 562; Eggert, Physikal. Z., 
1925, 26, 865), and reaction rates varying with the square root of 
the light absorbed (Bodenstein and Lutkemeyer, Z. physikal . Ghem 
1924, 114, 208; Berthoud and Bellenot, J. Chim. phys., 1924, 21, 
308), all indicating a primary dissociation of the halogen molecule, 
followed by extensive slow recombination of the atoms produced, 
only an occasional atom entering into the observed chemical change. 
There is need for much work to elucidate the complexities of these 
last two classes of reactions. It is significant, however, that the 
first class of reactions should be the largest; here apparently every 
molecule physically activated takes part in chemical change, show¬ 
ing that under these conditions, when a molecule is activated, its 
chemical reactivity on collision is not affected by its orientation. 

Physical Chemistry Laboratory, 

Balltol and Trinity Colleges, 

Oxford. [Received, May 1 5th, 1926.] 

CCXI .—The Constitution of the Condensation Product 
of fi-Phenylhydroxylamine and Acetone . 

By Francis Habbold Baneield and Joseph Kenyon. 

A concentrated solution of (^phenylhydroxylamine in acetone 
deposits, after about two weeks, large, rhombic crystals which 
melt at 136°. To this compound Bamberger and Rudolf, who 
first described it (Ber., 1907, 40, 2237), gave the constitution 

by analogy with at that time regarded 

as the constitution of the condensation product of p-phenylhydroxyl- 
amlne and benzaldehyde. Beckmann and Scheiber (Annalen, 
1907, 355 , 235} showed, by molecular-weight determinations, that 
the empirical formula must be doubled, and prepared analogous 

♦ Bamberger subsequently {Ber., 1922, 55, 3376; 1924, 57, 2082) replaced 
this formula by PhCH:NPh:0 in accordance with the modem formulation 
of azoxy-compounds, and support for the new constitution is afforded by 
v ■ CHPh-NPh 

!§tne formation of the additive compound | >0 with phenylcarbimide. 

V . NPh—CO • * ' 
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compounds from acetone and g- p- and m- (but not o-) tolyl- and 
g-(a-naphthyl)-hydroxylammes. They did not succeed, however, 
in preparing condensation compounds when acetone was replaced 
by its homologues. Scheiber and Wolf (Annalen, 1908, 357, 25), 
who studied the reaction products of acetone and these g-aryl- 
hydroxylamines in some detail, suggested that the condensation 
is due to loss of water following direct combination of the two 
reagents; e.g 


2CMe 2 <^p h . OH 


-NPh-CMe 2 

'NPh-CMe, 


A ^NPh* CMe 2 \ n 
0< CMe 2 -NP^ >0 - 


They did not, however, prepare any crystalline derivatives or well- 
defined decomposition products in support of either of these 
formulae. 

Although, as stated by Scheiber and Wolf (loc. tit), the condens¬ 
ation product of g-phenylhydroxylamine and acetone is very 
susceptible to acidic reagents, yet it is possible by working under 
carefully regulated conditions to prepare a number of its crystalline 
derivatives and other definitely characterised products. The form¬ 
ation of these is in no way accounted for by the formulae given 
above. 

The maximum yield of the condensation product—68%—is 
obtained by the interaction, at the ordinary temperature, of dry 
g-phenylhydroxylamine and acetone during a period of two to 
three months. Beaction at a higher temperature results in rapid 
decomposition of the g-phenylhydroxylamine, and the effect of 
adding calcium chloride or sodium sulphate to the reaction mixture 
to combine with the liberated water is to diminish the yield of the 
condensation product. 

The filtrate after removal of the condensation product consists 
of two layers ; (a) water, ( b ) an acetone solution of azoxybenzene 
and aniline. The latter two substances are the normal decom¬ 
position products of g-phenylhydroxylamine and can be isolated in 
amounts almost sufficient to account for the portion of the g-phenyl- 
hydroxylamine which does not condense with acetone. The prob¬ 
able course of the reaction between acetone and g-phenylhydroxyl- 
amine may therefore be represented by the equation 2Me 2 CO + 
2PhNH*OH = CigH^OgNa + 22^0. 

The condensation product decomposes slowly in solution at the 
ordinary temperature; when a solution in 96% alcohol is boiled 
for 24 hours, complete decomposition into mesityl oxide, aniline, 
and azoxybenzene occurs. 

The condensation product reacts readily at the ordinary tem¬ 
perature with acetic anhydride to yield a crystalline monoacetyl 
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derivative, and in pyridine solution with, benzoyl 

chloride to give a crystalline monobenzoyl derivative, C 25 H 26 O 3 N 2 . 
These results alone suffice to show the incorrectness of the formulae 
mentioned above, since none of them contains a reactive hydrogen 
atom which would be likely to undergo displacement by an acyl 
group. The acyl derivatives are readily and quantitatively con¬ 
verted into the original condensation product on hydrolysis and 
therefore are very probably derivatives of it and not of some trans¬ 
formation compound. 

The introduction of an acyl group into the molecule of the con¬ 
densation product renders it resistant to permanganate and other 
oxidising agents and to dilute acids—including acetic acid—which 
attack it readily. The acyl group evidently protects a very reactive 
portion of the molecule, and since it .can be removed by warming 
for a few minutes with alcoholic potash, there is a strong presumption 
that the group so protected is a hydroxyl group. Additional 
evidence for the presence of a hydroxyl group is afforded by the 
production at the ordinary temperature of a potassium derivative, 
C 18 H 21 0 2 N 2 K, which reacts with benzoic anhydride to give the 
benzoyl derivative described above. That the hydroxyl group is 
attached to nitrogen is rendered probable by the ease with which 
this potassium derivative is quantitatively oxidised by air to a 
red compound, C 18 H 21 0 2 lSr 2 (see p. 1622). 

Action of Dilute Hydrochloric Add on the Condensation Product .— 
The finely-powdered material is readily decomposed by dilute 
hydrochloric acid, the principal product being a liquid base, 
C 12 H 16 0NC1 ; small quantities of azobenzene, p-phenylhydroxyl- 
amine and p-chloroaniline and a trace of mesityl oxide are also 
produced. This base differs in composition from the original com¬ 
pound by C 6 E 6 0NC1, and this fact and the nature of the by-products 
indicate that one of the p-phenylhydroxylamine residues has been 
detached from the compound during the reaction. Moreover, the 
acquisition of a chlorine atom under such mild treatment 13 in 
harmony with the view that a hydroxyl group attached to a nitrogen 
atom has been replaced by a’ chlorine atom : *NPh*OH + HC1 —>• 
•NPhCl. The chloro-base thus produced does not, however, 
liberate iodine from an acidified solution of potassium iodide, so 
it is necessary to assume that the chlorine atom has already migrated 
into the benzene nucleus. This view is confirmed by the behaviour 
of the chloro-base, which decomposes into p-chloro&niline and 
mesityl oxide in molecular proportions on heating and gives equiv- 
, alent quantities of p-chloroacetanilide and mesityl oxide by inter- 
with acetic anhydride. Moreover* it reacts with nitrous acid 
a yellow crystalline nitrosoamine (m, p. 76—76°)—a result 
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which further supports the view that the chlorine atom has 
wandered * from the nitrogen atom to the nucleus. 

The production of mesityl oxide and p-chloroaniline in equivalent 
proportions accounts entirely for the molecule of the chloro-base— 
C 12 H 16 0NC1 = C 6 H 10 O + C 6 H 6 NC1—and several attempts have 
been made, though unsuccessfully, to synthesise it from these 
two compounds. 

The chloro-base readily yields a crystalline semicarbazone 
(C 13 H 19 0N 4 C1), the oxygen atom thus being shown to be ketonie, 
and by its reduction with sodium and alcohol sodium chloride 
and aniline are obtained in equivalent quantities together with 
ff-chloroaniline and methyksobutylcarbinoL There can be little 
doubt, therefore, that the constitution of the chloro-base is repre¬ 
sented by formula (I), and its modes of decomposition by heat and 
by acetic anhydride by the scheme : 

heat 

C 6 H 4 CI*NH*CMe 2 -CH a 'COMe- >■ (Me 2 :CB>COMe + C 6 H 4 Cl-NH a . 

(I.) j ACjO 

1 --> CMe 2 :CH-COMe + C 6 H 4 C1-NHAc + AcOH. 

Its formation from the original compound can be represented by 
the equation: 

C 18 H 22 0 2 N 2 + HOI = G 6 H 4 01*KH*CMe 2 *0H 2 *COMe + NHPh-OH. 

The constitution of the chloro-base as (3-p 
pentan-S-one has been established by its synthesis from p-phenyl- 
hydroxylamine and mesityl oxide by the following reactions ; 

CMe 2 :CH*COMe . CMe 2 -CH 2 -COMe CMe 2 -CH 2 -COMe 

NHPh*OH NPh*OH ltfH-C 6 H 4 Cl 

(H.) 

The compound (H) is too unstable to be isolated; its sodium deriv¬ 
ative, however, has been prepared by the interaction of mesityl 
oxide and the sodium derivative of p-phenylhydroxylamine. 

The complete and facile scission, by the action of dilute hydro¬ 
chloric acid, of a moleculeof p-phenylhydroxylamine from the original 
condensation product renders it probable that the latter is ^-phenyl- 

* The mechanism of the formation of p - ohloroaniline from jS-phenylhydr- 
oxylamine and hydroohlorio acid is represented hy Bamberger (Ber*, 1900, 
33, 3000; 1901, 34, 61) as follows : 

—H.0 4-H01 Hv /=\ _ 

Ph»NH’OB: --> Ph-N<-X ? :WS - ->C 6 H 4 C1*NH, 

CK ' w" (o and p) 

and by Ldb (Ben, 1896, 29, 1894) as 

Ph*NH*OH + HC1—>• Ph-lSTHCl —^ C«H 4 Cl*NK a . 

The experimental results recorded above are clearly opposed to Bamberger s 
view and in agreement with L&b’s. 
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hydroxylamino-$-meihylpentan-%-oneoxime N -phenyl ether (III), or 
$-phenylhydroxylamino-$-methylpentane-B-'phenylimine oxide (IV), 
and its interaction with hydrochloric acid may be represented 
thus: 


GMe a -Ca^<Me CMe 2 *CH 2 -COMe eq CMe 2 -~CH 2 -CMe 

NTh-OH^NPh ~ > NH-C 6 H 4 C1 + NHPlrOH NPh-OH OINPh 

(in.) (iv.) 

This view of the constitution of the condensation product is 
supported by the following additional reactions. The condensation 
product is rapidly decomposed by hot concentrated hydrochloric 
acid, giving mesityl oxide (20*5%), ff-chloroaniline (33%) and 
azoxybenzene (16%) together with a small amount of a substance 
of very high boiling point. A similar decomposition is effected by 
steam, the principal products being azoxybenzene, mesityl oxide, 
and tarry material which has not been identified. When heated 
with an alcoholic solution of zinc chloride, the condensation product 
decomposes into ^-phenetidine, azoxybenzene, p-chloroaniline, 
aniline and mesityl oxide. A similar scission of the molecule is 
brought about by the prolonged action of cold dilute sulphuric 
acid, the products being ff-aminophenol, mesityl oxide and azoxy¬ 
benzene; these can be isolated in amounts which account for 80% 
of the original material. 

In marked contrast to the above-mentioned hydrolytic agents, 
hydrogen chloride converts the condensation product in dry ethereal 
solution into its monohydrochloride , a white solid which is decom¬ 
posed by water into its components. This compound resembles 
p-phenylhydroxylamine hydrochloride in its behaviour and its 
constitution is probably 


CMe 2 —CH 2 —CMe 

0< or 
NPh.-OH,HCl NPh 


CMe 2 —CH a —CMe 
WoH,HCl OINPh ' 


Beduction of the Condensation Product.— The condensation product 
is unaffected in moist ethereal solution by aluminium amalgam. 
It is, however, readily reduced in absolute alcoholic solution by 
sodium; aniline, azobenzene, and methyli^obutylcarbinol are 
formed, but the main product is a secondary base, C^H 12 ON, 
from which a cMoroplatinate, a yellow, crystalli nitrosoamine, and 
a diacetyl derivative have been prepared. Since one of the acetyl 
groups in this derivative is much more easily removed by hydrolysis 
|fhan the other, it is probable that the secondary base contains a 
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hydroxyl group. Two formulae for this compound suggest them¬ 
selves : 

]mPh-CMe 2 -CH a -CHMe*OH and CHMe 2 -CH 2 -CMe(OH)-NHPh, 

of which the former is the more probable, as it implies a decom¬ 
position of the condensation product similar to that brought about 
by hydrolytic agents. The alternative formula is improbable, 
since a compound of this structure would tend to be dehydrated 
by an excess of an acetylating agent. 

Several unsuccessful attempts were made to synthesise the 
secondary base from aniline and mesityl oxide. The only definite 
compound which could be isolated appeared to be produced by the 
condensation of one molecule of mesityl oxide with two molecules 
of aniline. 

Action of Oxidising Agents on the Condensation Product —When 
the finely powdered condensation product is agitated with a solu¬ 
tion of potassium permanganate, potassium ferrieyanide, sodium 
hypobromite, or ammoniacal silver oxide, or is exposed, suspended 
in faintly alkaline water, to the air for several weeks, it is oxidised 
to a bright red, crystalline compound. The most convenient pro¬ 
cedure, however, is by the use of ammoniacal silver oxide as described 
in the experimental section. The oxidised compound, which is 
easily obtained pure in a yield of 98% of the theoretical amount, 
is produced by the action of one-half molecular quantity of silver 
oxide, it thus being shown that only one atom of hydrogen is removed 
from each molecule of the condensation product. Its molecular 
weight is of the same order of magnitude (about 300) as that of the 
unoxidised compound and therefore there has been no condensation 
between two molecules of the latter with the elimination of hydrogen. 
Moreover, the two compounds are almost identical in composition 
and therefore no oxygen has entered the original substance. That 
no change other than oxidation occurs during the reaction is shown 
by the quantitative regeneration of the original compound by the 
action of aluminium amalgam on a cold moist ethereal solution of 
the red oxidation compound. 

The oxidised and the unoxidised compound differ in several 
important properties. The former does not react with acetic 
anhydride or with benzoyl chloride in pyridine solution at the 
ordinary temperature, the absence of a hydroxyl group being thus 
indicated. This view is supported by the marked difference in 
the behaviour of cold dilute hydrochloric acid towards the two 
compounds; whereas the oxidised compound is unaffected by this 
reagent (and other cold dilute mineral acids), the unoxidised one 
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undergoes an immediate change involving the substitution of one 
atom of chlorine for one atom of hydrogen and one of oxygen— 
a type of reaction to which p-arylhydroxylamines are peculiarly 
susceptible. It is therefore probable that the oxidation process 
involves the reaction 

2 p £>N-OH + 0 = 2 p £>N:0 + H 2 0 - 


Ph' 


and leads to the production of a compound which contains a quadri¬ 
valent nitrogen atom. 

Additional support for this view is furnished by the following 
experimental evidence: {a) one of the hydrolytic products of the 
action of dilute hydrochloric acid on the original condensation 
compound is p-phenylhydroxylamine (see p. 1623), whilst the oxidised 
compound in dry ethereal solution combines with hydrogen chloride 
to give a derivative the decomposition of which by water yields 
50% of the unoxidised compound and 10% of nitrosobenzene (i.e., 
oxidised fi-phenylhydroxylamine); ( b ) the oxidised compound is 
immediately decomposed by steam, giving a mixture of products 
from which the original unoxidised compound (22%) and nitroso¬ 
benzene (13%) can be isolated; (c) when the oxidised compound 
is gently heated under diminished pressure, it decomposes and 
nitrosobenzene sublimes from the reaction products. 

Since both the unoxidised and the oxidised compound yield 
under the action of hot dilute mineral acids, or even of hot water, 
considerable quantities of mesityl oxide, the structural s imil arity 
of the aliphatic portions of the two molecules is confirmed. The 
oxidation process may therefore be expressed by the equation 

9^2 CH^“~CMe CMe 2 —CH 2 —CMe 

2 k-OH °k + A&0 “k:o °k + 2As + H *° 

(phenylmtrogen oxide)-jS-methylpentane- 
8-oneoxime jV-phenyl ether, 

and the decomposition of the two compounds by the equations 

CMeg-CHg-CMe CMeg-CB^-CMe 

4 i _ 0<| + 2HgO = 2 0< + 3NH?h-OH 

KHLO NPh NPh-OH NPh 

- ■■■„■■ + PhXO + 2CMe a :CH-COMe 

. CMea-OHa-GMe 2 

2! 0<I + 2HgO = 2CMe 2 :CH*COMe + 4NHPL-OH. 

HPh'OH JFPh 

experimental results so far recorded do not enable a decision 
to be made between tbe oxime-ether and tbe nitrone formulations 
pondksation compound. Tbe following results are in 
' with the first view, but since tbe evidence is of a negative 
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character the question is not considered settled. Attempts are 
being made to obtain further evidence on this point. 

The condensation product forms an additive compound with 
phenylcarbimide (1 mol.)—a result which is not obtained with 
either its acetyl derivative or its oxidation product. All the 
experimental evidence points to these two derivatives having the 
same molecular structure as the parent compound with the sole 
modification that a >N # OH group has been converted in the one 
case into >N*0*C0*CH 3 and in the other into >N!0. It is highly 
probable, therefore, that phenylcarbimide reacts with the >NOH 
part of the condensation product to give a compound 
Me 2 C-CH 2 -~CMe 

PhN-CO-N(OH)Ph NPh 

which is analogous to (3-carbaiulino-p-phenylhydroxylamine, 
NHPh*COdST(OH)Ph, produced by the interaction of phenylcarb¬ 
imide and p-phenylhydroxylamine (Beckmann, J. pr. Gkem 1897, 
56,71). 

It follows also that there is present in the condensation product 
no other group capable of reacting with phenylcarbimide. 

Evidence for the view that the condensation products of p-phenyl- 
liydroxylamine with acetone and with benzaldehyde differ in 
structure is the fact that the latter product is unaffected by cold 
concentrated hydrochloric acid or 65% sulphuric acid, reagents 
which hydrolyse the acetone compound with the greatest readiness. 

One of the very few recorded cases of organic compounds -which 
contain quadrivalent nitrogen is diphenylnitric oxide, which 
Wieland and Offenbacher (Ber., 1914, 47, 2111) obtained by the 
oxidation of pp-diphenylhydroxylamine with silver oxide: 

2Ph 2 N*OH + 0 = 2Ph2N:0 + H 2 0 . . , (1) 

Diphenylnitric oxide is described as an intensely red substance 
which decomposes on keeping; liberates iodine from an acidified 
solution of potassium iodide; is reduced by phenylhydrazine to the 
original (3(3-diphenylhydroxylamine and by stronger reducing 
agents to diphenylamine; and is converted by the action of dilute 
hydrochloric acid, by simultaneous oxidation and reduction, into 
diphenylamine and quinoneanil oxide—a change which sometimes 
occurs spontaneously in ethereal solution (Wieland and Roth, 
Ber., 1920, 53, 215): 


SPhgNIO = PhaNH + PhN:C 6 H 4 *0. 

0 

There are, therefore, many points of similarity between diphenyl¬ 
nitric oxide and the red compound formed by the oxidation of the 

3t 



1620 BANEIELD AND KENYON : THE CONSTITUTION OF THE 

condensation product of (3 -phenylhydr oxylamine and acetone, in 
winch the presence of a quadrivalent nitrogen atom has been 
suggested. 

The formulation of the oxidation of diphenylhydroxylamine to 
diphenylnitric oxide as in equation (1) is in conflict with the elec¬ 
tronic theory. The reaction is, however, of some interest, since 
the oxygen atom which takes part in the reaction gains two electrons 
and acquires them from two molecules of the hydroxylamine. 
Obviously, therefore, each molecule of diphenylhydroxylamine 
loses one electron, and the product of oxidation has, according to 
the electronic theory, the formula 


Ph arco- 
PlT 


or gj>N-0 


and can be contrasted with diphenylhydroxylamine which has 
“ ionised ” : 


PhlNIO: + +■ 
Ph * 


or 


Ph' 

Ph 


>N- 


“0 + H. 


The particular type of N—0 compound formed by the oxidation 
of the condensation product of acetone and phenylhydroxylamine 
belongs, therefore, to the small class of substances whose mole¬ 
cules contain an uneven number of electrons—the so-called “odd 
electron molecules ”■—of which nitrogen dioxide is the most typical 
example; others are nitric oxide, triphenylmethyl, and chlorine 
dioxide. Lewis states that <c odd electronic compounds ” with 
the exception of nitric oxide absorb light in the visible part 
of the spectrum and are generally intensely coloured. They are 
very reactive and attach themselves to a great variety of substances; 
they tend to react in such a manner that one molecule gains an 
electron while another loses one (simultaneous oxidation and 
reduction). The red oxidation product thus appears to possess the 
properties of an odd electron compound, and, indeed, its method 
of preparation combined with the determination of its molecular 
weight proves that it is such a substance. 


Experimental. 

Preparation of the Condensation Product. —p-Phenylhydroxy 1 - 
amine, prepared by Kamm’s method (“ Organic Syntheses,” IV, 
57) in 60% yield, was dissolved in rather more than its own weight 
of dry acetone, and the filtered solution was kept for several days 
room temperature; the condensation product then began to 



CONDENSATION PRODUCT OF [3-PHENYLHYDROXYLAMINE, ETC. 1621 

crystallise. Thereafter the mixture was kept, with daily agitation, 
in the ice-chest for 3 months, until no further separation occurred. 
The yield of the condensation product varied from 40—68% (cal¬ 
culated on the amount of (3-phenylhydroxylamine), the better 
yields being obtained when carefully dried p-phenylhydroxyl- 
amine was used. The condensation product, after being washed 
with cold acetone, in which it was only slightly soluble, was obtained 
almost colourless. It crystallised from ethyl alcohol in hard, 
glassy rhombs, m, p. 136° (slight decomp.). In a typical experi¬ 
ment, 5704 g. of p-phenylhydroxylamine dissolved in acetone 
(6830 e.c.) gave, after several weeks, 3719 g. of the condensation 
product (yield 49%). 

The reaction mixture, when left undisturbed and “ unseeded,” 
deposits the condensation product in large, colourless, transparent, 
glassy rhombs which remain colourless and retain the same melting 
point (136°) for several years. The small crystals obtained by 
frequent agitation of the solution slowly develop, during several 
months, a pale yellow colour and a slight odour : this is probably 
due to their retaining a small quantity of the mother-liquor. 

Earlier workers state that this compound melts with decom¬ 
position. The amount of decomposition, however, is very small, 
for a molten sample will resolidify and then melt at a temperature 
only a few degrees below the original melting point; after one 
crystallisation from alcohol, it melts at 136°. 

The Acetyl Derivative .—(a) To the deep brownish-orange solution 
obtained by shaking the finely powdered condensation product 
(10 g.) with pure acetic anhydride (10 c.c.) below 35°, ice is gradually 
added; the whole then sets to a crystalline mass. The washed, 
and dried product (12 g.) melts at 95—97°. 

(b) To a solution of the condensation product (45 g.) in pyridine 
(60 c.c.) acetic anhydride is added (23 c.c.) at such a rate that the 
temperature does not rise above 45°. After a few minutes, crushed 
ice is added, and the crude acetyl derivative washed and dried as 
before (yield, about 54 g.). 

The acetyl derivative separates from ethyl acetate, acetone, or 
aqueous alcohol in radiating clusters of prismatic needles, m. p. 
99—101°. When it is added to warm benzene a cloudy solution 
is produced which becomes clear on the addition of calcium chloride. 
This solution, when diluted with warm light petroleum, deposits 
stout needles. These melt at 105—106° (without decomp.}, hut at 
about 140° vigorous decomposition sets in and tarry products are 
formed (Found in material crystallised from alcohol: C, 66*95; 
H, 7*2; N, 7*7; CHg-CO, 12*6. requires C, 67*0; 

H, 7*3; N, 7*8; CHg-CO, 12*0%. Found in material crystallised 
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from benzene: C, 71*0; H, 7*1; M, cryoseopic in benzene, 3X0. 
G 20 B. u O 3 ^2 requires C, 70*6; H, 7*1%; M , 340). 

The acetyl derivative was recovered unchanged after 1 g. had 
been heated with acetic anhydride (3 c.c.) at 100° for 10 minutes. 

The Benzoyl Derivative .—(a) A solution of the condensation 
product (12 g.) and benzoyl chloride (6 g.) in pyridine (60 c.c.) 
is, after several hours, mixed with crushed ice. The washed and 
dried crystalline product, m. p. 90—95°, is obtained in almost 
quantitative yield. 

(b) A suspension of the potassium derivative of the condensation 
product (see below) in pure dry ether is shaken with benzoic 
anhydride (1 mol.) for 15 minutes, the gelatinous precipitate of 
potassium benzoate filtered off and washed with dry ether, and 
the filtrate concentrated; the benzoyl derivative is thus obtained 
as an orange oil which solidifies completely on inoculation. 

The benzoyl derivative crystallises from aqueous alcohol in rosettes 
of glistening, prismatic needles, m. p. 96—98°, containing 1H 2 0 
(Found: C, 71*0; H, 6*9; N, 6*6. C 25 H 26 0 3 N 2 ,H 2 0 requires C, 
71*4; H, 6*7; N, 6*7%) and from benzene or light petroleum in 
anhydrous, prismatic needles, m. p. 98—99° (Found: C, 74*6; 
H, 6*4. C 25 H 26 0 3 N 2 requires C, 74*6; H, 6*4%). 

Hydrolysis . To a solution of the benzoyl derivative (1*1 g.) in 
warm alcohol (10 c.c.), sodium hydroxide (0*2 g.) was added, 
followed, after 10 minutes, by water. The crystalline product, 
m. p. 135—136°, weighed 0*62 g. (calc., 0*78 g.) and from the con¬ 
centrated acidified filtrate 0*25 g. of benzoic acid was obtained 
(calc., 0*32 g.). 

The potassium derivative is prepared by adding a benzene solu¬ 
tion of the condensation product to rather less than one atomic 
proportion of finely powdered potassium. The latter dissolves, 
hydrogen is evolved, the liquid darkens, and a white gelatinous 
precipitate forms. This is filtered off, washed quickly with dry 
benzene several times, and dried in a vacuum (Found: K, 11*7, 
11*8. C 18 H 21 0 2 N 2 K requires K, 11*3%). When left for several 
days in a dry atmosphere, the substance (1*1 g.) develops an orange 
colour and, on treatment with water, gives an orange powder, 
m. p. about 90°. After crystallisation from alcohol, this powder 
is obtained in fine red needles (1*0 g.}; these, alone or mixed 
with an authentic specimen of the red oxidation product, melt at 
89—90°. 

By passing hydrogen chloride into a dry ethereal solution of the 
condensation product, its moiwhydrochloride is obtained as a white 
, solid which, after being washed with ether and dried in a vacuum, 
melts at 62—64° and at 80° undergoes vigorous decomposition 
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(Found : HOI, 11*1. C 18 H 22 0 2 N 2 ,HC1 requires HC1, 10*9%). The 
solid is stable in a vacuum for some hours, but on exposure to air 
turns black. It is decomposed by water with regeneration of the 
original condensation product in an almost pure condition. 

Formation of fi-ip-Chloroanilino-fi-methylpeiitan-S-one from the Con¬ 
densation Product .—The freshly recrystallised and finely powdered 
condensation product (50 g.) is shaken for 2 hours with ^-hydro¬ 
chloric acid (400 c.c.). The pale yellow solution is filtered from 
undissolved material (4—8 g.) and extracted three times with 
ether to remove azoxybenzene, mesityl oxide and a small quantity 
of (3 -phenylhydroxylamine. The acid solution is rendered alkaline 
and the precipitated bases (35—40 g.), after extraction and drying, 
are distilled under 15 mm. pressure. Two main fractions are 
obtained, (i) up to 150°, (ii) 150—180°. The first contains water 
(if the receiver has been cooled in ice), mesityl oxide, p-chloro- 
aniline, and a proportion of the higher-boiling base. The second 
fraction, which weighs about three times as much as the first and 
contains the chloro-base, is dissolved in ether and the solution is 
washed with successive small quantities of dilute hydrochloric 
acid; thereafter a mixture (4*8 g.) of azobenzene and azoxybenzene 
(1:4) is obtained from it. The hydrochloric acid solution is 
rendered alkaline, the precipitated chloro-base (20 g.) is extracted 
with ether and twice redistilled, and a fraction collected at 169— 
172°/11 mm. or at 133—136° under the pressure attained with a 
mercury vapour pump. It is a golden-yellow liquid which shows 
no tendency to solidify (Found : G, 63*5; H, 7*3; N, 6*3; Cl, 15*7. 
Ci 2 H 16 ONC1 requires C, 63*8; H, 7*1; N, 6*2; Cl, 15*7%). The 
nitrosoamine, obtained by means of sodium nitrite and ice-cold, 
dilute hydrochloric acid, crystallises from ether-petrol in rosettes 
of pale yellow needles, m. p. 75—76° after softening at 70° (Found : 
N, 11-2. b 12 H 15 0 2 N 2 Cl requires N, 11*0%). 

The chloro-base readily yields a semicarbazone, which crystallises 
from alcohol in microscopic, flat prisms, m, p. 125° (Found: 1ST, 
20*2. C 13 H 19 0N 4 C1 requires N, 19*8%). 

Action of Sodium and Alcohol on the CMoro-base, —To a solution 
" of the base (5 g.) in warm alcohol, sodium (3 g.) is added in small 
pieces; a precipitate of sodium chloride forms. By working up 
the product in the usual way, there is obtained a non-basic fraction 
(1*7 g.), b. p. 128—133°, with a camphoraceous odour; this, after 
treatment with semicarbazide to remove a little unreduced mesityl 
oxide as its semicarbazide semicarbazone (m. p. 220°), distils - at 
130—134° and reacts with p-nitrobenzoyl chloride in pyridine 
solution to give a crystalline p-nitrobenzoic ester which melts at 
24—26° either alone or when mixed with methyKsobutylearbinyl 

31* 
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p-nitrobenzoate. The basic portion of the product consists "of 
unchanged chloro-base (0-5 g.), p-chloroaniline (1*0 g.), and aniline 
(0*9 g.). The chlorine present as sodium chloride in the aqueous 
portion, estimated volumetrically, is 0*36 g., corresponding to 0*93 g. 
of aniline. The substance therefore contains one aniline residue 
for each atom of chlorine present in the molecule. 

' Decomposition of $-p-Chloroanilino-$-methylpentan-$-one by Acetic 
Anhydride .—The chloro-base (1*5 g.) is warmed for 15 minutes 
with an equal weight of acetic anhydride, and the cooled reaction 
mixture diluted with water (60 c.c.). The crystalline solid, after 
being washed and dried (0*96 g.), melts at 172—174°, alone or 
mixed with p-chloroacetanilide (Found : N, 8*2. Calc. : N, 8*1%). 
The filtrate contains a few globules of mesityl oxide (b. p. 126— 
130°). 

Synthesis of $-p-Chloroanilino-$-methylpentan«§-one. —(a) A solu¬ 
tion of p-phenylhydroxylamine (168 g.) and mesityl oxide (148 g.) 
in just sufficient dry ether is kept for a month and then shaken for 
3 hours with IV’-hydrochloric acid (400 c.c.). The acid layer is 
separated, extracted three times with ether, and rendered alkaline 
with sodium hydroxide, and the precipitated base is extracted, 
dried, and distilled; the principal fraction, b. p. 160—175°/15 min., 
gives, after four distillations, a fraction (40 g.), b. p. 172—175°/ 
13 mm. (Found: 1ST, *6*3; Cl, 15*7. Calc, for C 12 H 16 0NC1: N, 
6*2; Cl, 15*7%). During distillation the base undergoes slight 
decomposition into mesityl oxide and p-chloroaniline. 

The semicarbazone, prepared in the usual manner, crystallises 
from alcohol in microscopic, fiat prisms, m. p, 124—125°. 

(b) The gelatinous sodium derivative of (3-phenylhydroxylamino 
obtained from sodium (1 equiv.) and phenylhydroxylamine (20 g.) 
in dry ethereal solution dissolves on addition of mesityl oxide 
(1 mol.), heat is developed, and a precipitate slowly separates. 
After 10 days, this is filtered off, quickly washed with dry ether, 
and dried (wt. 10 g.) (Found: Na, 11*5. C 12 H ie 0 2 NNa requires 
Na, 10*0%)* The compound evidently contains unchanged sodium 
derivative of ^-phenylhydroxylamine (Na, 17*6%). It is very 
hygroscopic and decomposes on standing. It is decomposed by 
water, and the liberated compound is converted by cold dilute 
hydrochloric acid into £ -p-chloroanilino - $ -methy lpentan-$ - one. 
This synthetic chloro-base yields a semicarbazone which melts at 
125° either alone or when mixed with the semicarbazone of the 
chloro-base obtained by the action of dilute hydrochloric acid on 
the original condensation compound. Acetic anhydride decomposes 
it into mesityl oxide and p-chloroacetanilide. 

Behaviour of the Oondensation Product, —(a) Towards hoi hydro - 
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chloric acid . A current of steam is passed into a mixture of the 
condensation product (100 g.) and concentrated hydrochloric 
acid (100 c.c.); rapid decomposition takes place and mesityl oxide 
(20*5 g.) distils with the steam. From the non-volatile product, 
p-chloroaniline (33 g.), azoxybenzene (16 g.), and a non-basic 
material of high boiling point (2 g.) are obtained. 

(b) Towards steam . A rapid current of steam is passed over the 
finely powdered compound (20 g.). An oil distils with the first 
6 1. of water, leaving a black tar (5 g.). The oil sets, on cooling, 
to a crystalline mass of azoxybenzene (9*7 g.). Extraction of the 
aqueous distillate yields mesityl oxide (2*5 g.). 

(c) Towards an alcoholic solution of zinc chloride. Zinc chloride 
(50 g.), the condensation product (50 g.), and ethyl alcohol (250 c.c.) 
are heated together under reflux for 30 minutes. After cooling, 
the crystalline material is filtered off and recrystallised from alcohol, 
glistening leaflets (9*2 g.), m. p. 237—239°, of p -phmetidine zinci- 
chloride being obtained [Found: Zn, 15*6; Cl, 17*4; C, 46*3; 
H, 5*7. (EtO-C 6 H 4 -NH 2 ) 2 ,ZnCl 2 requires Zn, 15*8; Cl, 17*2; C, 
46*6; H, 5*3%]. From the mother-liquor, aniline (2 g.), p-chloro- 
aniline (10 g.), azoxybenzene* (11*5 g.), and mesityl oxide (3 g.) 
are isolated. Much of the last substance is undoubtedly lost owing 
to its low boiling point (40°) at the pressure employed. 

The zincichloride yields phenacetin when it is heated with acetic 
anhydride, and p-phenetidine hydrochloride, m. p. 236—237°, 
when heated with hydrochloric acid. 

Preparation of the Bed Oxidation Compound. —A mixture of the 
finely powdered condensation product (59*6 g.), light petroleum, 
b. p. 40—-60° (1500 c.c.), and an ammoniaeal solution of silver 
oxide (from 36 g. of silver nitrate) is mechanically shaken for 48 
hours ; oxidation commences almost at once, the petroleum solu¬ 
tion turning bright red and metallic silver being deposited. The 
petroleum layer is separated from the filtered liquid, washed with 
water, dried, and evaporated slowly in a bath of warm water (to 
avoid overheating), until crystallisation sets in. The solid on the 
filter is washed with water until free from ammonia, air-dried, and 
repeatedly extracted with dry ether; the extracts are evaporated 
to small bulk and diluted with light petroleum until crystallisation 
sets in. About one-third of the oxidation product is contained in 
the original petroleum solution, the remainder having crystallised 

. ■ ,' ' , . . ■ i 

* It is stated in the literature (Meyer and Jacobson, ** Organische Chemie/’ 
II, 251; Beilstein, “Organische Chemie,” IV, 1335) that azoxybenzene 
decomposes on heating- We have found that it distils quite readily at 191°/ 
12 m with only slight decomposition. The pale yellow distillate sets 
completely to a mass of long, hair-like needles, m. p. 35°. 
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and become mixed with the metallic silver. The yield is 58*4 g. 
(98% of the theoretical). 

This substance crystallises from petroleum in compact, hemi¬ 
spherical clusters of bright red, glistening prisms which melt and 
decompose at 88—90 ? , producing a black liquid which does not 
resolidify [Found: C, 72*7; H, 7*15; N, 9*4; M , cryoscopic in 
benzene, 276 (mean of four values). C 18 H 21 0 2 N 2 requires C, 72-7; 
H, 7*1; N, 9-4%; Jf, 297]. 

Determinations of the molecular weight of the oxidised compound 
in acetone by the ebullioscopic method gave values ranging from 
285 to 325, but little reliance can be placed upon these, as some 
decomposition occurred in the hot solution. After evaporation 
of the acetone, the residue had a strong odour of nitrosobenzene 
and contained crystals of the original unoxidised condensation 
product of m. p. 135—136°. 

Reactions of the Red Oxidation Compound. —(a) Reduction. The 
compound in ethereal solution is quantitatively reduced to the 
original condensation product by (a) zinc dust and dilute caustic 
soda solution, (b) aluminium amalgam, ( c) phenylhydrazine. The 
product melts at 133—136° and 136° before and after crystallis¬ 
ation, respectively. 

By the action of potassium iodide and dilute acetic acid on an 
ethereal solution of the oxidation compound the original condens¬ 
ation product is obtained in 77% yield, the remaining material 
being a dark, thick oil from which nothing crystalline can be 
isolated. 

(b) Action of heat. A rapid current of steam is passed over the 
oxidation compound (10 g.). Fusion and decomposition take place 
at once and nitrosobenzene (1*2 g.) passes over with the steam. 
From the non-volatile portion there are isolated the original con¬ 
densation product (2*2 g,), azoxybenzene (2 g.), and tar. A similar 
decomposition is brought about at lower temperatures when a 
solution of the oxidation compound in acetone is heated under 
reflux for several hours; the original condensation product is 
obtained in a yield of about 50%, 

(c) Action of acylating agents . (i) A mixture of acetic anhydride 
(8 c.c.) and the finely powdered oxidation compound (6 g.) is main¬ 
tained at 35° for several minutes, until solution is complete. After 
30 minutes, crushed ice is added to the brownish-red solution and 
the precipitated paste is macerated with cold water until a sandy 
powder (3*8 g.) with the odour of nitrosobenzene is obtained. This 
crystallises in colourless needles,.m. p. 105—106° (from dry benzene) 
pr 99—100° (from aqueous alcohol). Yield 50%. Analysis and 
W&P& melting-point determinations prove that it is the acetyl 
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derivative of the original condensation product of m. p. 136°; 
and it yields this on hydrolysis. A 50% yield of the same acetyl 
derivative is obtained by the action of acetyl chloride on a solution 
of the oxidation compound in pyridine. 

In marked contrast to the behaviour of the original condensation 
product, which in pyridine solution readily gives an acetyl deriv¬ 
ative in quantitative yield by the action of acetic anhydride, the 
oxidation compound is unacted upon under similar conditions at 
the ordinary or at a slightly raised temperature. At higher temper¬ 
atures, profound decomposition sets in and unworkable tars are 
produced. This result clearly indicates that some prior reaction is 
necessary before acetylation can take place. 

In a similar manner, by the action of benzoyl chloride (3 g.) on 
a pyridine (40 c.c.) solution of the oxidation compound (6 g.), 
there is obtained the benzoyl derivative of the original condensation 
product in 50% yield; m. p. and “ mixed ” m. p, 97—99°. 

(d) Action of hydrogen chloride . Dry hydrogen chloride is rapidly 
absorbed by a dry ethereal solution of the oxidation compound, 
and an orange precipitate separates; the solution becomes colour¬ 
less, but slowly turns green. If the passage of hydrogen chloride 
is still continued, nitrosobenzene and mesityl oxide can be isolated 
from the solution; but if the current is stopped when the solution 
becomes colourless, and the orange precipitate rapidly filtered off, 
washed with dry ether, and dried in a vacuum desiccator, it has 
the empirical formula C 18 H 21 0^ 2 ,2HC1. This substance is not 
identical with the monohydrochloride of the original condensation 
product (vide p. 1622), but it yields this product in nearly 50% yield 
on treatment with water. 

Action of Phenylcarbimide on the Condensation Product —A solu¬ 
tion of the condensation product (9 g.) and phenylcarbimide (3-3 g.; 
1 mol.) in dry ether is gently warmed for 3 hours and the ether is 
then evaporated. The residue of colourless, cubic crystals, coated 
with red oil, is washed with small quantities of cold light petroleum 
and recrystallised from acetone, transparent, colourless cubes, 
m. p. 128—129° (decomp.), being thus obtained (Found : C, 71-8; 
H, 7*0; N, 9*7. requires C, 71*8; H, 6*5; N, 10-0%). 

This substance is almost* insoluble in cold alcohol and decomposes 
slightly in hot alcohol. A mixture of it with the original condens¬ 
ation product (m. p. 136°) melts at 104—109°. 

Preparation of the Liquid Reduction Product .—To a solution of 
the condensation compound (60 g.) in boiling absolute ethyl 
alcohol (500 c.c.), sodium (23 g.) is added sufficiently quickly to 
keep the liquid boiling. When all the sodium has dissolved, water 
is added to the dark red reaction mixture and the solution is 
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extracted several times with ether. The ethereal solution is washed 
with water, extracted with dilute hydrochloric acid, and evaporated 
to dryness; the residue is pure azobenzene. The basic material 
in the acid extract is recovered and repeatedly fractionally distilled 
under diminished pressure, being thus separated into aniline and 
the new base (15 g.), a golden-yellow, somewhat viscous liquid, 
b. p. 130—133°/2—4 mm. or 160—163°/15 mm., d 1 / 1*0043 (Pound : 
C, 74*8 ; H, 9*6; 1ST, 7*3. C 12 H 19 ON requires C, 74*6; H, 9*8; 
W, 7*25%). 

Modifications of the method of reduction were tried with the 
object of preventing the formation of azobenzene. These included 
the gradual addition of sufficient acetic acid to neutralise the 
sodium ethoxide as it was produced—this procedure, however, 
caused the production of phenylcarbylamine, which was very 
difficult to remove on distillation. The presence of water—even 
1%—-in the alcohol diminishes the amount of base produced and 
increases the proportion of azobenzene formed even to the exclusion 
of the base when the quantity of water is considerable. When the 
absolute alcohol is replaced by amyl alcohol, no base is formed, 
an almost quantitative yield of azobenzene * being obtained together 
with a trace of aniline. 

By doubling the amount of sodium used in the reduction, there 
was produced, in addition to the liquid base, hydrazobenzene 
(5 g.), which was isolated from the acid extract in the form of 
benzidine. 

The pure base readily yields a diacetyl derivative, which crystallises 
from acetone in clusters of prismatic needles, m. p. 104—106° 
(Found: N, 4*9; 2CH 3 *CO, 31-8; 1CH 3 *C0,19-0. C 16 H 23 0 3 N requires 
N, 5^)5; 2CH 3 <X), 31-1; 1CH 3 *C0, 15*5%). When the hydrolysis 
is effected by aqueous potassium hydroxide, a value for the acetyl 
content of 19% is quickly obtained; this value increases at only 
a slow rate as the heating is continued—the maximum value of 
31*1% was only obtained by heating with alcoholic potassium 
hydroxide during 24 hours. It is evident, therefore, that one 
acetyl group is much more firmly attached than the other. 

The chloro^latiTLate of the base is obtained by the addition of 
chloroplatinic acid (1 mol.) in alcoholic solution. The precipitate 
crystallises from methyl alcohol containing a small amount of 
hydrochloric acid in clusters of orange prisms which, after drying 
at 110° for 4 hours, melt and decompose at 197—198° [Found ; 
Pt, 24*9, 24*6. (G^H^ONJgjH^PtClg requires Pt, 24*5%]. 

The nilrosoamvMi prepared by the addition of sodium nitrite to 

it. * It is somewhat remarkable that azobenzene is reduced by sodium and 
boding ethyl alcohol only with great difficulty. 
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a solution of the base in cold hydrochloric acid, crystallises from 
ether in fine, pale yellow needles, m. p. 44—48° (Found : N, 12’8. 
C 12 H 18 0 2 N 2 requires N, 12*6%). 

One of the authors (F. H. B.) is indebted to the Advisory Council 
of the Department of Scientific and Industrial Research for a grant 
which enabled this work to be carried out. The authors wish to 
thank Mr. P. S. Arup, M.Sc., for assistance in the early stages of 
the investigation. 
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CCXII .—The Glassification of the Sugars. 

By John Gwilliam Maltby. « 

The original classification of the normal forms of the sugars and 
their derivatives into the cZ- and Z-series was that of Fischer {Ber., 
1894, 27, 3208) and depended on their chemical relationship to 
naturally occurring (cZ-)glucose. The classification usually adopted 
to-day is that of Rosanoff (J. Amer. Ghent. Soc 1906, 28, 114) 
in which the configuration of the asymmetric group furthest removed 
from the aldehydic group is the deciding factor. A classification 
depending on the mean of the rotations of the cc- and (3-forms was 
put forward in an earlier paper (J., 1922,121, 2608). 

Most sugars and their derivatives are obtainable in a- and p-forms, 
and the usually accepted distinctions between them are those given 
by the action of enzymes, the mode of preparation and the rate of 
hydrolysis of the glucosides. A different distinction has been 
given by Hudson (J. Amer. Ghent. Soc., 1909, 31, 66) based on 
their rotations and on Fischer’s classification into the d- and Z-series. 
According to this, the a-form of a cZ-sugar has a more positive 
rotation than the (3-form. In the case of arabinose, however, the 
two methods of distinction do hot agree {Hudson, J. Amer . Ghem. 
Soc., 1924, 46, 2591), the same being the case if Rosanoff’s elassi* 
fication is used. It seems possible that the cause of the discrepancy 
lies in the classification into the d- and Z-series being wrong. 

It is suggested that, for the normal forms of the aldoses, the 
configuration of the middle group of the oxide ring (group 3) is 
the deciding factor in the classification into the d- and Z-series. 
Naturally occurring arabinose therefore now belongs to the <Z- 
instead of to the Z-series, and the a-forms of the d-sugars have more 
positive rotations than the [3-forms for all known cases, as shown 
in the table below. In an earlier paper (J., 1923, 123, 1404), it 
was suggested from a consideration of the rotations of the sugary 
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that, in the a-form of the aldoses, groups 1 and 3 have opposite 
configurations. It was also shown that the configuration of group 
3 determines the relative proportions of the two products formed 
by the cyanohydrin synthesis. This follows, since the configuration 
of group 2 in the main product is always the opposite of that .of 
group 4, the latter being group 3 in the original sugar. This is 
also shown in the table below, in which the configurations are 
represented by + and — signs as suggested by Fischer (Ber., 1894, 
27, 3189) and the ^-sugars have been taken as those with a positive 
sign for group 3. 


Configuration Specific rotation Configuration of main 
Sugar. of sugar. of sugar. cyanohydrin product. 


" - *• —- -s /-■ — — A —'-\ ^ A -.> 

5 . 4. 3. 2. a. Equil. £. 6 . 5. 4. 3. 2, 

d-GIueose .. — — 4- - 100° 52° 20° - - + - — 

d-Mannose. — — 44 30 14 —15 — — 4 4 ™ 

ef-Galactosc*. — 44— 140 80 51 — 4 . -f — — 

^-Arabinose ... 4 4 150 105 76 4 4 — — 

d‘ Xylose . - 4 - 02 19-20 - 4 - - 

47>oRhamnose — — 4 73 30 — 

/-Ribose .. — — — — — — 4' 

/-Rhamnose ... 44 — — —7 9 54 4 4 — — 4 

Z-Fueose. 4 — — H- 112—77 — 


Kekmare, Derby Park, 

Rock Ferry. [ Received, April 24th, 1926.] 


CCXIH .—The Unsaponifiable Matter from the Oils of 
Elasmobranch Fish. Part I. A Contribution to the 
Study of the Constitution of Squalene (Spinacene). 

By Isidob Morris Heilbron, Edward David Kamm, and 
William Morgan- Owens. 

The first mention of the occurrence of squalene iii fish-liver oils 
is due to Tsujimoto (J. Chem. Ind. Tokio, 1906, 9, 953), who sub¬ 
sequently described its physical characteristics and assigned to it 
the molecular formula (J. Ind. Eng. Chem., 1916, 8, 889; 

1920,12, 63). The hydrocarbon was found to yield a well-defined 
| crystalline hexahydrochloride, but of indefinite melting point, 
sintering at about 112° and finally melting to a clear liquid at 
about 125°. Meanwhile, in 1915, A. Chaston Chapman, working 
independently, isolated from fish-liver oils obtained from Portugal 
what would appear to-be the same hydrocarbon, for which he 
proposed the name spinaeene, and assigned to it the same molecular 
formula (J., 1917, 111, 56). Later (J., 1918, 113, 458), from the 
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results of other analyses of the kexahydrochloride and hexahydro- 
bromide and of molecular-weight determinations, he concluded that 
its constitution was in better accord with the formula C 29 H 48 . 
This author also remarked on the indefinite nature of the melting 
point of the hydrochloride. He found that whereas the crude 
compound commenced to shrink at 100° and began to melt at 110° 
(Cl, 33-8%),* after purification by means of benzene and alcohol, 
the final preparation became pasty at 120° and melted to a clear 
liquid at 126° (Cl, 34*5%). In a recent communication by Andre 
and Canal (Compt. rend., 1925, 181, 612), an account is given of 
the hydrochlorides prepared from the unsaponifiable matter of the 
oils of Cetorhinus maximus (A) and Scymnorhinus lichia (B). Whilst 
the oils from both fish had previously been examined by Tsujimoto 
and found to contain squalene, that from the latter has been used 
by us and was also almost certainly employed by Chapman (Analyst, 
May, 1917). Prom A, Andrd and Canal separated two hydro¬ 
chlorides : A v m. p. 107—108° (Cl, 35-3%, corresponding with a 
hydrocarbon C 28 H 4g ); and A 2S m. p. 144—145° (Cl, 33*9%, indicat¬ 
ing C^HgQ). On the other hanS, they obtained from B the hydro¬ 
chlorides B lf m. p. 107—108° (Cl, 33-9%), and B 2 , m. p. 143— 
145° (Cl, 33*2%), the latter chlorine content corresponding to the 
hydrocarbon C 31 H 52 . A mixture of A x and B x is stated to show no 
depression of melting point, whilst A^ and B 2 give a slight depres¬ 
sion (139—140°). Prom these highly conflicting results, the authors 
claim that neither squalene nor spinacene is a definite chemical 
compound, but each is a mixture of various unsaturated hydro¬ 
carbons from which the C^H^ homologue proposed by Chapman 
is apparently absent. We agree with Andre and Canal in so far 
that we have separated hydrochlorides of different melting points, 
but find for each the same values for carbon, hydrogen, and chlorine 
in strict agreement with a hydrocarbon formula C^H^.f It would 
appear that three isomeric hydrochlorides, m. p. 107—108°, 113— 
114°, and 144—145°, exist, although it is somewhat doubtful 
whether the lowest-melting one is a pure compound (see experi¬ 
mental part). The hydrocarbon has been regenerated from each 
hydrochloride and reconverted into its hydrochloride, which, in 
every case, is again separable into low- and high-melting fractions. 



c %. 

H%. 

Ci % 

* C 18 H m C1» 

55*9 

8*7 

35*4 


56*7 

8*8 

34*6 

OgoHggClg 

57*2 

8*9 

33*9 

OaiH s8 Cl 4 

57*9 

9*0 

33*1 


f The squalene used was obtained from Lepidorhinus squamosus, Mtmopterus 
spinacc, Centrophorus granulosus, and Scymnorhinus lichia, and the material 
from each source gave the same results. 
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B. p. at 0*15 mm. 
0*55 
2 

4 

5 
9 

10 
15 
25 

Density . 


Befracfcive index 

n n 

* 20 “ 


Mol. refraction .. 

Iodine value . 

Mol. wfc. (cryoscopic) 


Table I. 

The Constants of Squalene. 


Chapman. 


260° 


0-8610/}g 

0*8588/|? 

0 * 8616 / 4 ?° 

1*4987 

1*4967, 1*4951 
139*1,134*5* 
367*9 
394, 391 


Tsujimoto. 

252—254° 
262—264° 

0*8587/]?“ 


1*4965 

139*1 

408 (benzene) 


Majima and 
Kubota. 
205° 

235—237° 


284—285* 

0 * 8596 / 4 ?* 

0*8584/12* 

1*4959, 1*4966 


1*4965 

139*8 

407 (ethylene 
dibromide) 


(benzene) 

* Calculated for 


Present authors. 


240—242° 

248—250° 

261—262° 

270—275° 

0*8655/}? 

0*8538/|? 

0*8596/}? 


1*4972 


1*4965, 1*4980 
139*6,139*8,139*9 
377*6 


391 (benzene) 
439 (ethylene 
dibromidc) 


These results lead to the conclusion, which is also borne out by 
other evidence, that squalene and spinaoene are one and the same 
hydrocarbon of the molecular formula C^H^. Taking into account 
the number of species of fish from which squalene has been isolated, 
we are of the opinion that no evidence has been adduced in favour 
of Andre and Canal’s view (loc. cit.) that homologues of this hydro¬ 
carbon exist in marine animal oils. On the other hand, the isol¬ 
ation of the isomeric hydrochlorides would appear to indicate that 
squalene is itself a mixture of isomerides. In support of this view, 
it has repeatedly been found that the density and refractive index 
are not absolutely constant, although the calculated molecular 
refraction is almost exactly the same for different specimens. This 
value shows a marked exaltation (S[I?l]d — 1*8—2*3) over the theor¬ 
etical value for C^H^Ig. This exaltation is not due, however, 
to the presence, as Andre and Canal claim, of a C 81 H 62 homologue 
in squalene, for the hydrocarbon regenerated from the hexahydro- 
eHoride melting at 107—108°, which, according to these authors, 
corresponds to C^H^ in the case of Scymnorhinus Uchia, also 
shows exactly the same exaltation. The exaltation is apparently 
not due to the presence of conjugated double bonds, since We, 
confirming Majima and Kubota {Jap, J, Chem., 1922, 1, 9), have 
found that squalene is inert towards sodium and boiling amyl 
alcohol. 

Sources of Squalene. 

Squalene is widely distributed among elasmobranchs. It occurs 
in the family Squatidce, but is hot found in every member 
h&ik Moreover, it is not peculiar to elasmobranchs, for Drum¬ 
mond, (Cannon, and Coward {Biockem, J 1926, 19, 1047) have 
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reported its presence in the unsaponifiable matter of cod-liver oil. 
The hydrocarbon, although occurring chiefly in the liver oil, has 
also been found in the egg oils of Chl-amedoselachus anguineus and 
Lepidorhinus kinbei by Tsujimoto (loc. ciL), and of Etmopterus 
spinax, L. squamosus , and Scymnorhinus lichia by us. Moreover, 
the intestines of the last-mentioned fish always contain a large 
amount {up to 300 c.c.) of a dark oil, the greater part of which is 
squalene. This may be produced post -mortem —the specimens when 
treated have always been dead for several days—but the fact that 
it is invariably present seems to us to favour the view that it is 
a characteristic of the living animal. An examination was made 
in May, 1925, of 115 female E. spinax. From some of these, eggs 
in a comparatively undeveloped condition were dissected, all of 
which contained squalene. In others, almost completely developed 
embryo with yolk-sac were found. The sac did not contain the 
hydrocarbon, which must therefore have been absorbed during the 
growth of the embryo. A noteworthy fact regarding squalene - 
containing fish is the remarkable health of their bodies, in which 
internal parasites are very rare (private communication from 
Professor Johnstone). 

Decomposition of Squalene by Beat. 

This has been studied by Chapman (J., 1923, 123, 769) and 
Majima and Kubota (loc. cit.). The latter investigators subjected 
squalene to dry distillation and obtained fractions boiling at all 
temperatures from 36°/760 mm. to 235°/18 mm. They claim to 
have identified isoprene; the constants recorded, however, are 
very low ( D JT 0*6692, ri$* 1*39641; compare Harries, Bet., 1914, 
47, 1999). From the most abundant higher fraction, a liquid, 
C 10 H 18 (b. p. 62*5—66°/17 mm.), was obtained the physical con¬ 
stants of which resemble those of cycfodihydromyrcene or cydod i* 
hydrolinolo-olene. Chapman's methods of decomposition were some¬ 
what different, but gave apparently similar products. He con¬ 
cludes that the low-boiling fraction is a mixture of one or more 
amylenes with some isoprene or isomeric substance, whilst the 
main products are considered to be 1 -methyl-4-propylidenec?/cZo- 
hexane (I) and the closely related diolefinic hydrocarbon (II). 

M eHC < ^;^> c; CH-CH 2 Me MeO<g^. ( ^>C:CH-C5H 2 Me 

<io 2 m | 

By the jdry distillation of squalene and careful fractionation of 
the product, we obtained members not only of the hemiterpeni | 
and monoterpene groups, but also of the sesquiterpene, diterpene, 
and probably even higher divisions of the same family. 

The lowest-boiling liquid member obtained by us has 
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definitely proved to be an amylene, oxidation of which by potassium 
permanganate yielded acetone, from which it follows that its 
structure must be CMe 2 ;CHMe (III). 

The fraction of next higher boiling point (62—100°/20 mm.), 
which appears to be a mixture of monoterpenes and dihydromono- 
terpenes, is under investigation. 

The third fraction, boiling between 120° and 170°/20 mm., con¬ 
sists of a complex mixture of monocyclic sesquiterpenes. By 
repeated distillation a constant-boiling fraction has been isolated 
the physical characteristics of which (Table II) are identical with 
those of bisabolene (Buzicka, Helv. Ghim . Acta , 1925, 8, 259). In 
addition, ring closure by means of formic acid has yielded a di- 
eyclic isomeride the constants of which agree closely with those of 
the dicyelic sesquiterpenes isolated by Buzicka from nerolidol and 
which, according to this author, could only have resulted through 
the intermediate formation of farnesene and bisabolene (Table II). 


Table II. 

B.p./12mm. niT* 

Hydrocarbon from squalene ... 129—135° 0*8734 0*8716 1*4915 67*72 

Synthetic bisabolene . 130—137 — 0*8717 1*4923 67*99 

(Calc., 67*87) 


In an attempt to obtain further evidence regarding the carbon 
skeleton of the entire sesquiterpene fraction, this was dehydro¬ 
genated with sulphur (compare Buzicka, Helv. Ghim. Ada, 1922, 

5, 346), and the product distilled over sodium. In three different 
experiments, addition of alcoholic picric acid produced, in insufficient 
quantity for analysis, orange crystals of what appeared from the 
melting point to be cadalene picrate. The difficulty of obtaining 
cadalene in appreciable quantity is not peculiar to the sesquiterpene 
mixture handled by us, for Staudinger (Helv. Ghim. Acta, 1922, 5, 
785) failed to isolate any trace of this hydrocarbon on dehydrogen¬ 
ation of the sesquiterpene fraction from caoutchouc, which should 
most certainly have yielded it. Moreover, Buzicka was unable to 
obtain cadalene from the compound (IV) (Helv. Ghim. Acta, 1923, 

6, 487), whereas it was readily obtained from cadinene (V), which 
is similarly constituted. 


^CMe^ ^/CH 2N ^ 

^H \CH/' 
CMe 2 


/CHMev ,CH 2 . 

ch 2 ch x ch 2 

OH CH CMe (V.) 

Vo./ \ch^ 

CHMeg 


I'rom tile complex mixture of higher-bo iling fractions dicyelic 
(iitepieiies h&Y& beea isolated, and these, on treatment with formic 
acid, pass into tricyclic isomerides, a reaction reminiscent of the 
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conversion of the monocyclic a-camphorene into its tricyclic iso- 
meride (Ruzicka, Helv. Chirn . Acta , 1924, 7, 279). The residue, 
which probably consists of members of the next higher group 
(C^sUjo), has not yet been examined. 

'Isomerisation of Squalene . 

In addition to the isomerism due to variation in position of one 
or more of the ethenoid linkings, there exists, as might have been 
anticipated, isomerism due to ring formation. Majima and Kubota 
(toe. cit.) were the first to prove that squalene can be so isomerised, 
but it is apparent from their results that they faded to obtain a 
pure isomeride. As shown in Table III, 95% formic acid is the 
best catalyst for effecting ring closure in the squalene molecule, 
which, we have found, cannot be cyclised beyond the stage at which 
two double bonds remain (Table III). 


Table III. 

Molecular Refractions of Squalene Isomerides. 


Time in 

Isomerising agent. hours. 

(Pure squalene) . — 

Acetic anhydride with sulph¬ 
uric acid . 2$ 

Alcoholic sulphuric acid ... 18 

Formic acid. 

M ft ..................... 3 

» tt . 9 

»» »» 24 (oi 

longer) 


Fthenoid 


linkings 

(iodine 

values). 

[gA; 

Found. 

Calc? 

£[i?zL>. 

6 

139-8 

137-98 

1-85 

_ 

136-9 

_ 

_ , 

— 

134-0 

1 _ 

_ 

— 

136-9 

— 

" __ 

3 

134*3 

132-6 

1*7 

3 

134*1 

132*6 

1-5 

2 

133-2 

130-9 

2*3 


Constitution of Squalene. 

At this point we would again emphasise our conviction that 
squalene and spinacene are identical. In addition to the evidence 
of the hydrochloride formation, we are led to this conclusion by 
the following considerations: 

(a) The physical properties of spinacene as recorded by Chapman 
agree closely With those recorded by all other workers in the same 
field (Table I). 

(b) The calculated molecular refraction for C^H 48 |g is 133-1, 
not 134-3 as stated by Chapman (J., 1918, 113, 458). The value • 
of 134-5 determined by him is in no better agreement with this | 
than the value worked out from the same data for CgoH^jJ (139-3) | 
is with the theoretical value 137-7. 

(c) It does not appear to us that evidence based on eryoscopicr 
measurements can be considered sufficiently trustworthy to dis¬ 
tinguish between successive homologues (C^H^C^H^) of sueiy| 
high molecular weight. 
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{d) The recorded chemical properties of squalene and spinacene 
are identical. 

The constitution of spinacene (VI) tentatively proposed by Chap¬ 
man will therefore not be discussed, not only because of the 
difficulty of accepting the C 29 H 48 molecular formula, but because 
it fails to account for the formation of the typical terpene products 
above mentioned. 

CH2Me*CH;CMe»CH 2 -CH 2 *CHMe'CH:CH*(MeI(pH 

(VI.) CH 2 

CH2Me'CH:CMe‘CH 2 *CH 2 'CHMe*CH:CH-CMe.*CH 
That squalene is a terpene compound is evidenced by the ease 
with which it undergoes ring closure, by its ready regeneration 
from the hexahydrochloride, and by the large quantities of succinic 
and laevulic acids obtained on decomposition of its ozonide (Majima 
and Kubota, loc. cit.). The isolation of bisabolene proves that at 
least one-half of the squalene molecule must have the carbon 
skeleton 

c x 9 g 
>c-c-c-c-c-c-c-e*c-c-c 
fy 


and the fact that diterpenes have also been obtained indicates that, 
as suggested by Majima and Kubota, the hydrocarbon is a dihydro- 
tiiterpene. We do not agree, however, with the structure (VII) 
postulated by these authors, which fails to show the complete 
relationship of squalene to terpene hydrocarbons in general, but 
consider that squalene is an equilibrium mixture of isomerides, one 
form of which might be represented by (VIII). 


(VII.) 


CMe 2 :CH-CH 2 *CHr 

CH,:CMe*CH^Ch 


/CMe:CH*CH 2 -CH 2 -CH:CH Xn XT 


12 


(Vm.) CMe 2 :GH*CH 2 *[CH 2 'CMe:CH*CH 2 ] 4 *CH 2 k CMeICHMe 

Table IV shows that, as is to be anticipated from formula (VIII), 
the closest analogy exists between the products of decomposition 
of squalene and caoutchouc (Staudinger and Fritschi, Helv. Chim . 
Acta, 1922, 5, 785). 


Significance of Squalene. 

That squalene is intimately connected with metabolic processes 
is self-evident, and in this connexion we desire to direct attention 
to a possible relationship between this hydrocarbon, stigmasterol 
and eholesterol (C 27 H 46 0).* Feeding experiments carried 
out on rats by Mr. H. J. Channon, of University College, London, 


* [Note added, June 18th.] Attention is also directed to the recent paper 
Oifcecwa (*f. Biochem. [Japcm] , % 925, 5, 63) * the abstract of which has just 
**“*“*“#*: Whabb thb from shark bile Of a pentahydric alcohol. 
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show that the administration of squalene results in the amount of 
cholesterol in the liver being more than doubled. This observation 
may support the view that squalene is a precursor in cholesterol 
synthesis in the animal body; on the other hand, the large cholesterol 
increase may be due to some factor yet to be determined. Further 
biochemical work is in progress to confirm or disprove the hypothesis. 


Table IV. 

Comparison of the Products of Decomposition of Squalene 
and Caoutchouc. 


Product. Source. M. B. p. 

O b H s Caoutchouc . 30—507760 mm. 

O a H, ft Squalene 32—40°/760 mm. 

O jo H 18 Caoutchouc 14.2 58711 mm. 

Squalene 86—101°/25 mm. 

(cyclised by 
HOOJET) 

C w 7T a4 Caoutchouc 200 88—9170*05 mm. 

Squalene 129—185712 mm, 

152—162715 mm. 

O 30 H 3a Caoutchouc 268 118—12270-02 mm. 

Squalene 180—19079 mm. 

259 190—20079 mm. 

— Caoutchouc 303 142—-14870-04 mm. 


Expert 


d. 



t*z3p 
calc.for 

0-8390/20° 

1-4724/20° 

45*42 

Oa£t.re 

0-8326/21° 

1*465/21° 

45*17 

« 45*24 

0-8895/20° 

1*4980/20° 

67*23 


0-8734/21° 

1*4915/21° 

67-8 

= 67*83 

0-8934/16° 

1*499/16° 

07*04 


0-9046/20° 

1-5063/20° 

89*41 


0*9073/19° 

1*5080/19° 

89*33 

= 88*7 

0-9157/19° 

1*513/19° 

88*88 


0-9161/20° 

1-5119/20° 

89-17 


(U M“> 

(If C1..H.0 

= m-3 

CENTAL. 




Extraction of Oils .—The fish were dissected immediately on 
arrival, and the livers removed and weighed. The stomach was in 
each case ligatured and the contents were examined for the presence 
of oil. Any eggs .in the females were separated and examined. j 
Table V gives the oil content of the various species. The livers 1 
were cut into small pieces and the oil was extracted by heating ■■ 
with a coil into which steam was admitted for about £ hour. The 
liberated oil was separated from tissue matter by means of a 
centrifuge and was obtained as a clear mobile liquid, pale yellow 
to orange in colour. 

Extraction of the Hydrocarbon from the Liver Oil.—{ a) Saponific¬ 
ation. Considerable difficulty was experienced in saponifying the 
oil and separating the unsaponifiable matter. After many experi¬ 
ments, including saponifications in alcohol, it was found that the 
most satisfactory method was to heat the oil (500 c.c.) in a nickel 
basin to 105—110° and add drop by drop an equal volume of 20% 
sodium hydroxide solution with continuous stirring. After saponi-^ 
fication was complete (about 1 hour), sodium chloride (150 g.) wag| 
added together with 150 c.c. of hot water. The mixture when copS 
was filtered through cloth, and the oil was separated from 
aqueous layer, dried over sodium sulphate, and distilled at 3 
pressure. ■ The squalene so obtained had a refractive index sm' 
about 1497 and contained a small quantity of oxygenated suhgl 
stance (compare Chapman, J., 1917, 111, 56). ; HHli 
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Table V. 

Measurements of Fish and Yield of Oil. 

Wt. of Liver Stomach Squalene 





Sex and 

Length 

Wt. 

liver 

oil 

oil 

in liver 

Fish, 

Date, 

Xo. 

condition. 

(cm.). 

(g.). 

(g0- 

(C.C.). 

(C.C.). 

oil C%>- 

Scymnorhinus 

lickia. 

12.3.24 

1 

1 


113 

112 

7190 

(5270 

1530 \ 
1542 / 

2000 

200) 


8.5.25 

1 

Male. 

101 

4550 

840 

800 

150 

Average 


12.5.25 

1 

Male. 

125 

— 

2230 

2000 

250 < 


20.5.25 

5 

Males. 

Average 
»110 

— 

— 

1230 

130 1 




1 

Female. 

100 

— 

— 

1000 

100 J 

60 

JSunopterus 

11.5.25 115 

Mature females. 

Average 

108 

30 

IS 

— 

spinax. 

Centrophonts 

29.5.25 

1 

Female (after 

— 23 

131 

— 

2950 

2500 

— 

80 

granulosus. 



spawning). 

125 


3800 

3000 

=} 


LepidorMnus 

1.11.24 

1 

Mature female. 

— 

G5 

squarnosus. 


1 

Female (after 
spawning). 

123 


1800 

1500 



1.5.25 

5 

Males. 

Average 

— 

1570 

750 

— 

74 





- 109 







(b) Distillation Method .—This method (compare Tsujimoto, loc ,. 
dt.) is more rapid than the preceding for the preparation of large 
quantities of the hydrocarbon. The oil (in portions of not more 
than 200 g.) was distilled under 3 mm. pressure; no distillate 
appeared below 235°, the major portion distilling regularly between 
240° and 250°. Distillation was stopped as soon as the first signs 
of fuming were noticed, and an oil, containing as chief impurity a 
small quantity of free fatty acid, was thus obtained (n%° 1*497— 
1-498). It was dissolved in ether, the solution, after being washed 
several times with dilute sodium hydroxide solution and finally 
with water, was dried over calcium chloride, the ether removed, 
and the residual oil distilled. The products (nj* 1-498) thus obtained 
from different samples, as in the previous case, contained varying 
quantities of oxygen (G, 87-4, 87*2; H, 11*9,12-0%). Pure squalene 
can, however, be obtained from them (a) through the hydrochloride, 
(6) by treatment with phthalic anhydride. 

The crude hydrocarbon (160 g.) was heated for 5 hours with 
phthalic anhydride (18 g.) at 130—140°. After cooling and removal 
of unchanged anhydride, the oil in ethereal solution was shaken 
successively with dilute sodium carbonate and sodium hydroxide 
solution and washed with water. The ether was removed from the 
dried solution, and the residual oil distilled, the whole coming over 
at 260—262°/9mm.; nf 1*4982, < 1-4965, < 0-8596; [JSJ D 139*6 
(Pound: C, 87*7, 87*7; H, 12*1, 12*0. requires C, 87*8; 

H, 12*2%). 

The sodium carbonate washings contained no acid phthalate, and 
it must be concluded that the impurity present in the crude hydro¬ 
carbon is either a tertiary alcohol, which would seem to be closely 
related to the hydrocarbon, or an internal oxide similar in nature to 
cineolq, which compound on treatment with dehydrating agents 

This point is being further examined. 

Treatinent of crude squalene with acetic anhydride and eZ-cam- 
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phorsulphonic acid also removes the impurity as a lower-boiling 
liquid of sharp odour. This method, however, cannot be used for 
the preparation of squalene, because isomerisation also occurs. 

Squalene Hexahydrochloride. General Method of Preparation,— 
Dry acetone (15 g.) was saturated with dry hydrogen chloride at 

5° and squalene (5 g.) was added, the stream of gas being con¬ 
tinued until the whole became solid ; the colour of the solution 
changed through red to almost black. The resulting hydrochloride 
(6 g.) was washed free from coloured oily impurity with dry ether. 
By keeping the filtrate, again saturated with hydrogen chloride, 
in the ice-chest, a further small crop was obtained (approx. 3%). 
If the acetone is not presaturated with hydrogen chloride, the 
first crop obtained is very much smaller; the total yield, however, 
is only slightly diminished, as a large crop separates during the 
second treatment. This method is much slower and generally less 
satisfactory than the first. Ether also can be employed as solvent, 
but cannot be relied upon to give such consistent yields, being 
apparently sensitive to minute alteration of conditions. Analysis 
of the washed crude hydrochloride from any of the sources examined 
by us always gave similar analytical values (e.gr., found : 0, 57*1, 
57*0; H, 9*0, 8*8%). The hydrochloride can be prepared equally 
readily from squalene-containing oils. 

Separation of the Isomer ides. Isolation of the 107—108° Hydro¬ 
chloride from Squalene obtained from Scymnorhinus liehia.—The 
crude hydrochloride (14 g.), m. p. 109—112°, was digested with dry 
acetone (300 c.c.) for 10 minutes at 50°, boiled for one minute, and * 
the residue (2*4 g.) filtered off. The filtrate on standing deposited 
hydrochloride (9*2 g.) which melted at 107—108° (Pound : C, 57*2, 
57*2; H, 8*8, 9*1; Cl, 33*6%). The yields of this compound, which 
was not always produced, varied widely even when the conditions 
were precisely similar. Although it appeared to be a definite iso- 
meride, nevertheless, on digestion'with hot acetone, a small residue 
(m. p. Ill—122°) was invariably obtained. 

Isolation of the High-melting Isomeride — The residue (m. p. 126— 
130°) obtained above was combined with other sparingly soluble 


fractions which had been worked up in the same way. The total - 
material (6 g.) was boiled with acetone (175 c.e.), which was then | 
filtered quickly. The undissolved solid (2*3 g.) s m. p. 140—142° # J? 
was again similarly treated with acetone (250 c.c.), and the residt#! 
(1*7 g.), now melting at about 144°,.recrystallised from ethyl acetafi||| 
It formed characteristic rhombic plates, m. p. 144—145°, yer$|| 
similar in appearance to the 107—108° isomeride, and was 
ally insoluble in acetone or alcohol and moderately' easily' 
in ethyl acetate (Found: 0, 56*9, 56*8; H, 8*9,8*8; Cl, 33*6, Spiff s 
The intermediate portions obtained from the filtrates melted Jg|p 
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definitely between 111° and 120° and were separated into the high- 
melting hydrochloride and air isomeride, m. p. 113—114°. 

The latter compound was readily prepared as follows : The 
washed crude hydrochloride (36 g.) was recrystallised from ethyl 
acetate (270 c.e.), and the separated solid (32 g., m. p. Ill—120°) 
digested with toiling ethyl acetate. The insoluble residue (11 g., 
m. p. 117—130°) was now taken up in hot acetone and separated 
from 5 g. of undissolved material (m. p. 131—137°) by filtration. 
From the filtrate, crystals, m. p. 113—114°, were obtained. This 
compound showed no alteration in melting point on further crystal¬ 
lisation from acetone, in which it is moderately easily soluble, 
although less so than the 107—108° form (Found : C, 56*8; H, 8*9; 
Cl, 33-8, 33-9%). 

Regeneration of Squatene from the Hydrochlorides. —(A) 113—114° 
Isomeride . The hydrochloride (17 g.) was boiled under reflux with 
pyridine (68 g.) for 4 hours in an atmosphere of carbon dioxide. 
The reaction mixture was poured into an excess of dilute sulphuric 
acid, and the hydrocarbon extracted with ether. The ethereal 
solution was well washed with water, dried, and, after removal of 
the solvent, the residual oil was distilled at 4 mm. The constant¬ 
boiling fraction was again redistilled at the same pressure, and the 
major portion, boiling at 240—242°, collected separately, 1*4990, 
<0*8592, [iy* 140-2, [R L ]„ calc, for C 30 H 60 |£ 137-7 (Found: C, 
87-8, 87-5; H, 12-1, 12*2. C 30 H 50 requires C, 87-8; H, 12*2%). 
The regeneration can also be brought about with alcoholic sodium 
ethoxide, silver acetate, or quinoline. Even prolonged boiling with 
absolute alcohol is sufficient to effect complete decomposition of the 
hydrochloride. 

(B) 107—108° Isomeride. This was similarly decomposed and 
the constants of the pure hydrocarbon were determined, ri$ n 1*4955, 
.<0*8563, [R z ] d 139-8 (Found : C, 87-6, 87-7; H, 12*3, 12*3%). 

(C) 144—145° Isomeride . This proved slightly more difficult to 

decompose. The constants of the hydrocarbon after distillation 
over sodium were *. 1-4990, 0-8612, [R L ]» 139-8 (Found: 0, 

87-4; H, 12*2%). 

Regeneration of the Hydrochlorides .—Each of the regenerated 
hydrocarbons was converted into the hydrochlorides in the usual 
way and these, on treatment with acetone as previously described, 
were separated into high- and low-melting components. 

Treatment of the Oily Residues. —After removal of the major 
portions of the hydrochloride, the acetone and ethyl acetate mother- 
liquors invariably yielded, on concentration, successive crops of 
lower-meltii^ compounds (e.g., 95—96°, 84°, and 69°) and finally 
soluble qil separated. That this consisted of partly 
deco%pee©d bydrocbloride was shown by again saturating it with 
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hydrogen chloride, when, on standing at 0°, the usual mixture of 
isomerides (m. p, 110—116°) was again produced (Pound : C, 57-0, 
57*1; H, 8*9, 8-9%). 

Squalene Hexahydrobromide. —Tsujimoto (loc. cit.) gives m. p. 
115—126° for this compound, whilst Chapman states that, after 
three crystallisations from benzene, it softens at 126° and melts 
to a clear liquid at about 132°. Provided that the two compounds 
are identical, a similar discrepancy occurs in the analytical values, 
the results obtained by the former (C, 40*2; H, 6*4; Br, 53*0, 
53*5%) being in good accord with C 30 H 50 , whilst Chapman's result 
(Br, 54*5%) agrees with C 29 H 48 . We have prepared this compound 
by the usual method (5 g. of squalene) and obtained it by recrystal¬ 
lisation from hot acetone in lustrous plates melting at 118—120° 
to a clear liquid. Although this compound has not been prepared 
in large quantity, a sufficient examination has been made to show 
that higher-melting isomerides can be obtained. The m. p. of a 
specimen that had been kept for 2 months in a desiccator over 
solid sodium hydroxide fell to 110-—113°, doubtless owing to partial 
decomposition (Pound : C, 40*1; H, 6-3; Br, 53*5, 53*7. C^H^Brg 
requires C, 40*2; H, 6*3; Br, 53*5%). ; 

Isomerisation .—(a) Acetic anhydride containing sulphuric acid . 
Squalene (150 g.) was boiled under reflux for 2 j hours with acetic 
anhydride (200 c.c.) containing 2 c.c. of sulphuric acid. The 
product was poured into water, neutralised with sodium carbonate, 
and extracted with ether. After removal of solvent from the dried j 
solution, distillation of the residue yielded a pale yellow oil, b. p. 5 
253—266°/4 mm., < 1*5080, df 0*8939, [BJ D 136*7. 

(b) Alcoholic sulphuric acid. Squalene (10 g.) was boiled under 
reflux with 50 c.c. of alcoholic sulphuric acid (15% H 2 S0 4 ) for 2 days. 
The product, after extraction as above, gave on distillation a main 
fraction, h. p, 235—240°/3 mm., < 1*5049, < 0*9073, [Rzb 134*01. 

(c) Formic acid . The hydrocarbon was boiled under reflux with 
twice its weight of formic acid (98%) for various periods. After 
cooling, the solution was diluted with water and treated as above. 
The products were: 

Reaction period, \ hour .—Mobile, pale yellow oil, b. p. 215—225°/ 

2 mm., < 1-5060, < 0*8900, £BJd 136*8. 

Reaction period , 3 hours. —Rather viscous, pale yellow oil, b. p. ; 
232—233°/3 mm., <1*5150, < 0*9207, [i? x ] D 134*3, iodine value] 
179*9 (C^HWa re 9 u i res iodine value 185*8, [-K £ ]d 132*6). 

Reaction period , 24 hours to 3 days.—Very viscous, pale yellotf 
oil, b, p, 230—232°/3 mm., <1*5211, <0*9359, [Rl\s> 133*2, ipdtfp 
value 117*4^(CyHsolJ requires iodine value 124*6, [JS^ 130'9).V|f^ 

It will be seen that the isomerisation occurs in stages. On 
assumption, which seems likely from the final results, that 
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exaltation of the molecular refraction persists throughout, the 
product of | hour’s treatment contains two rings, that of 3 hours’ 
treatment, three rings, whilst the maximum ring closure (four) is 
reached after 3 days, when only two double bonds remain. For 
each ring formed, an increase in density and in viscosity occurs; 
the final product has the consistency of thick treacle, only pouring 
with difficulty from a test-tube at room temperature. 

Attempted Reduction of Squalene by Sodium and Amyl Alcohols 
A mixture containing squalene (5 g.), sodium (10 g.), and amyl 
alcohol (20 g.) was heated to boiling, and to this, amyl alcohol 
was added drop by drop until all the sodium had dissolved. After 
treatment with water, and extraction with ether, the whole was 
distilled; unchanged squalene was then recovered (n}f 1*50£2, 
d\$ 0*8655, [i?i]i> 139*85). The reaction was repeated with w-octyl 
alcohol, with the same result. x 

Dry Distillation of Squalene ,—Squalene (700 g.) was distilled,^in 
portions of not more than 150 c.c,, from a 250 c.c. flask through an air 
condenser into another distillation flask, which served as a receiver 
for all high-boiling liquid. The side tube of this receiver was con¬ 
nected to a spiral of glass tube immersed in a freezing mixture of i ;e 
and salt, which effectively condensed,the low-boiling products of the 
reaction. The outlet of this spiral was connected to an absorption 
bottle containing a 10% solution of bromine in chloroform. 

During the distillation, no appreciable absorption took place, 
although a small quantity of a combustible gas passed through 
the bromine solution. The total distillate amounted to about 600 g., 
the residue being a polymerised resin. 

The distillate was separated by fractionation into five main 
portions: 

B. p. Pressure. Wt. B. p. Pressure* Wt. 

1. 30— 45° 760mm, 36 g. 4. 170—20° 115 mm* 110 g. 

2. 60—100 20 „ 224 „ 5. 210—240 15 „ 65 „ 

3. 120—170 20 „ 137 „ 

Fraction 1 was refractionated at atmospheric pressure, yielding 
(a) 28 g., b. p. 32—40°, nf 1*3940; (b) 2 g., b. p, 55—75°, 
1*4290; (c) 4 g., b. p. above 75°, ri$ 1-4615. 

20 G. of (a) (which was not further divisible by fractional 
distillation) were dissolved in cold dry carbon disulphide and 
treated with a 10% solution of bromine in the same solvent until 
the colour of-the bromine just persisted after vigorous shaking 
and standing. After removal of carbon disulphide, the residue was 
distilled, and the fraction, K p. 80—100°/20 mm., collected (yield, 
35 g*). After several fractionations, a colourless liquid was obtained 
as the main portion, having b. p. 65—67°/13 mm., 1*5140, 
[®x}d 41 "29 (Found Br, by the Carius method, 72*1.^ 
req^es Br, ; [R L % mm). . ^ 
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In order to satisfy ourselves that under precisely similar conditions 
isoprene yields the tetrabromo-derivative, we brominated this 
hydrocarbon. The product was a heavy, yellow oil, b. p. 152— 
156°/12 mm., rip 1*5978, agreeing well with previously reported 
values for isoprene tetrabromide (Staudinger, Helv. Ghim. Acta , 
1922, 5, 765, gives b. p. 153—155°/12 mm.). Since in the case 
under consideration a dibromide only was formed, it is obvious 
that the low-boiling distillate was either a single amylene or a 
mixture of isomerides. 

Oxidation of the amylene . 9G, were shaken with a slight excess 
of 2|% potassium permanganate solution (23 g. KMh0 4 ). After 
treatment with sodium bisulphite, the solution was filtered and 
fractionally distilled through a long column. The first 60 c.c. of the 
distillate were treated with ^-mtrophenylhydrazine in hydrochloric 
add and, after 12 hours, the precipitate produced was twice crystal¬ 
lised from dilute aqueous alcohol; yellow crystals of acetone-p-nitro- 
phenylhydrazone (m. p. and cc mixed ” m. p. 146°) were thus obtained. 

T Fraction 3 (b. p. 120—170°/20 mm.). This was distilled at 
15 mm. and separated into the following fractions : (A) b. p. 110— 
*22°, 16 g.; (B) b. p. 122—134°, 29 g.; (C) b. p. 134—144°, 40 g.; 
(D) b, p. 152—162°, 26 g.; (E) viscous residue. 

(A) was apparently a mixture of mono- and sesqui-terpenes 
(%Jf 1*4782, d 1 / 0*8459). Cyclisation by boiling with 98% formic acid 
(30 g.) f or 3 hours gelded an oil which was distilled at 25 mm. into two 
main fractions : (1) 5 g., b. p. 86—100°, 0*8326, ri%° 1*4560, {Bl]d 
45-17 (calc, for C 10 H 16 | 2 ,45*2). (2) 8 g., b. p. 130—140°, < 1-4850. 

(1) was a colourless mobile oil with an odour closely resembling 
that of pinene. (2) was added to sub-fraction B, which, however, 
further distillation indicated to be an inseparable mixture and was 
not further examined. 

Sub-fraction C was distilled over sodium and yielded as major 
portion a faintly greenish-yellow oil, b. p, 129—135°/12 mm., i£p 
1-4915,;dg: 0*8734, df 0*8716, [B z ]» 67*7 (calc, for C 15 By£, 67*8). 
These constants are identical with those of bisabolene (Table 3H) 


(Found : C, 87*9, 87-6; H, 11*6, 11*8. Calc, for 0, 88*2; 

H, 11*8%). -‘4 

20 G. of this substance were cyclised by boiling with 98% formic, | 
acid (40 g.) for 3 hours, and the product was distilled at 21.majp'J 
and separated into ; (1) 2 g., b. p. 132—135°, < 1*4870; (2) %k*] 
p. 137—145°, nt 1*4912; (3) 14 g., b. p. 1^—145°, < l*4#S*f 
0*8994, [BJd 66*28 (calc, for 66*1). ,jj|j 

The main fraction would appear to be very similar to one oMfel 
hydrocarbons obtained by Ruzieka ( be . cit.) by treating nerd|ip 
with formic acid, the constants for which were b. p. 114— 

12 mm., & 0-9069, <’ 1-4964, {B L ] D 65-82. . 
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The whole of (3) was heated with finely-powdered sulphur (5> g.) 
at 200—250° until no more hydrogen sulphide or mercaptan was 
evolved (16 hours). The volatile products of the reaction (4 g.) 
were distilled in a vacuum from the large amount of resinous mattes 
produced, repeatedly distilled over sodium until colourless, and 
treated with a concentrated hot alcoholic solution of picric acid. 
After 12 hours, the deposited red oil was redissolved in alcohol. 
In the solution, after several weeks, there suddenly appeared yellow 
l amin ae of picric acid mixed with long orange needles, vhich were 
mechanically separated. These commenced to shrink at 95° and 
melted to a clear red liquid at 108—111° (cadalene picrate has m. p. 
114:—115°). Similar treatment of somewhat less highly fractionated 
sesquiterpene products gave, on two occasions, the same orange 
crystals, but sufficient pure material has not yet been collected for, 
mixed melting-point determinations with cadalene picrate. 

Sub-fraction D was a somewhat more viscous and more deeply 
coloured oil. The constants nf 1 -4990 and 0-8934 and the impossi¬ 
bility of obtaining constant-boiling fractions on redistillation indicate 
that it is a mixture containing a large proportion of the next fraction. 

Fraction 4 (b, p. 170—210°/15 mm.). 20 G., on fractional distillation 
at 9 mm., gave: (A) 8 g., b. p. 180—190°, 0*9073, nf 1*5082, 

89*39(Found: 0,87*8; H, 11-6); (B)6g., b.p. 190—200°,0*9157,* 
nf 1*5130, [R z % 88-88 (Found : C, 88*0; H, 11*7; M, cryoscopic in 
benzene, 259. Calc, for : C, 88-2; H, 11*8%; M, '272. C 20 H 32 |~ 
and CgoHggjj! require [Rl\t> 88*76 and 90*46, respectively). 

Both’ (A) and (B) were greenish-brown, rather viscous, and 
almost odourless oils. The latter seems to be identical with the 
compound of molecular weight 303, obtained by Staudinger (loc. 
ri**y>y the distillation of caoutchouc, and assumed bv him to be 
CAlr (se^Table IV). 


Treatment of (B) with boiling formic acid for 3 hours gave an 
fiomeride, b. p. 190—200°/9 mm., dff 0*9258, nf 1*5090, [R^ 
87*72 (calc, for C^Ij, 87*1). ■/ L T 

Fraction 5 was a dark-coloured, viscous oil^hich awaitg defied 


.examination.,. ^r* 

In conclusion, we desire to thank the Council of the Department 
<xf ^Scientific and Industrial Research for grants which have enabled 
this work to be carried out. We are also indebted to Professor 
D. Ruzicka for a specimen of cadalene picrate, to Mr. H. Rogerson 
for help with certain portions of the experimental work, to Dr. R. 
Bums of the Royal TechHSSal College, Glasgow, for confirmatory 
ai^yses of the hydrochlorides, and to Professor J. Johnstone and 
J. Daniel for obtaining and identifying the material upon 
which the research has been carried out. > ^ 
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